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Executive Summary:

The Midwest Clean Energy Application Center (CEAC) was one of eight regional centers that
promoted and assisted in transforming the market for combined heat and power (CHP), waste
heat to power (WHP), and district energy (DE) technologies and concepts throughout the United
States between October 1, 2009 and December 31, 2013. The key services the CEACs provided
included:

e Market Opportunity Anayses— Supporting analyses of CHP market opportunitiesin
diverse markets including industrial, federal, institutional, and commercial sectors.

e Education and Outreach — Providing information on the energy and non-energy benefits
and applications of CHP to state and local policy makers, regulators, energy end-users,
trade associations and others. Information was shared on the Midwest CEAC website:
www.midwestcleanergy.org.

e Technica Assistance— Providing technical assistance to end-users and stakeholders to
help them consider CHP, waste heat to power, and/or district energy with CHP in their
facility and to help them through the project development process from initial CHP
screening to installation.

The Midwest CEAC provided services to the Midwest Region that included the states of Illinois,
Indiana, lowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South
Dakota, and Wisconsin.
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Program Summary, Project Objectives and Accomplishments
OBJECTIVE 1

Develop technology application knowledge and educational infrastructure necessary to

foster CHP, District Energy, and Waste Heat Recovery (clean energy) technologies as a
viable energy option in the Midwest and reduce any perceived/real risks associated with
their implementation.

Accomplishment 1.1: Development of State Industrial EE/CHP Strategy Plans: State
Industrial Energy Efficiency (EE) and Combined Heat and Power (CHP) strategy plans were
developed and presented to the Illinois and lowa Governor Officesin June 2013. Thiswork
was sponsored by the National Governors Association (NGA) Policy Academy program.
The Midwest CEAC assisted the Illinois Governor’s office in submitting their proposal
which was selected as one of the four states to participate in the NGA CHP Policy Academy.
The Midwest CEAC was engaged with the Illinois and lowa state teams from October 2012
through June 2013 in developing their strategic plans.

Strategic Importance: These State Industrial EE/CHP plans provide a framework within
each state to organize CHP related efforts and activities focused on increasing the
implementation of industrial energy efficiency and CHP programs and projects. These
state plans also provide documentation on how to bring similar efforts to other Midwest
states.

Accomplishment 1.2: CEAC Presentations — The Midwest CEAC presented at a number of
workshops during the contract period. Please see the Appendix for alist of presentations.

Strategic Importance: Presentations to stakeholders at various meetings, conferences,
workshops, etc. on the benefits, barriers, and approaches to implementing CHP projects,
specifically approaching individual target market sectors has been a critical activity for
the CEACs.
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OBJECTIVE 2

Provide market research, technical assistance, and performance evaluations to identify
high impact sustainable clean energy technology applications and pursue their
implementation.

Accomplishment 2.1: Strategic Development of Healthcare Market Sector Plan: The
Midwest CEAC focused on the strategic development of the Healthcare Market Sector Plan
to assemble a package of materials that will enable the CEACsto more effectively target and
educate the healthcare market sector. The Midwest CEAC developed and assembled the
following items:
e Co-developed CHP 101 Presentation w/ Pacific CEAC (April 2013)
e Co-developed CHP Market Sector Handout w/ Northeast CEAC (July 2013)
e Developed CHP Resource Guide for Hospitals (pre-FY 2013)
e Developed Project Profile for Gundersen Lutheran Health System (Dec 2012)
e Assembled Series of 18 CHP Project Profiles (pre-FY 2013)
e Manned Exhibit Booth and Attended Presentations at American Society of Healthcare
Engineering’s (ASHE) Annual Conference in Atlanta, GA (July 2013) — ASHE isthe
primary trade association for healthcare engineers
e Midwest CEAC established greater understanding of current industry status
relating to energy efficiency and distributed generation developments

e Midwest CEAC established contacts with 40+ hospitals to discuss CHP
screenings

e Midwest CEAC met with Regional Midwest ASHE Director to discuss
opportunities and devel op strategies to more effectively target Midwest healthcare
sector

Strategic Importance: The CEACs historically have undertaken a target market
approach when promoting CHP concepts and technol ogies to further the devel opment of
the CHP installation status in the various regions. This approach in FY 2013 has made an
attempt to bring together all the materials needed to understand the market more
effectively and to better communicate with those in the target market industry. The
development and gathering of these materials will also provide atemplate to develop the
required materialsin other CHP target market sectors.

Accomplishment 2.2: DOE Boiler MACT Technical Assistance Program: The Midwest
CEAC was tasked with contacting 280 facilitiesin the Midwest, Intermountain, Northwest,
and Pacific regions to offer complimentary technical assistance offered by the U.S. DOE
through the CEACs. The technical assistance is focused on helping facilities evaluate the
options to come under compliance with the new Boiler MACT regulations that were passed
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in January 2013. The Midwest CEAC was able to contact all 280 facilities and provide
support to those interested in CHP by the end of December 2013.

Strategic Importance: The DOE Boiler MACT technical assistance program provided
an opportune time for the CEACs to contact large industrial and institutiona facilities
with coal and oil boilers that were being faced to come under compliance with the EPA
Boiler MACT ruling that would result in large capital investments by these facilities. In
the discussions and analyses with these facilities, the CEACs presented CHP as one of
the alternative options to come under appliance that would result not only in a cost to
comply but as an option with a more favorable rate of return and with areturn on
investment (ROI). Numerous facilities considered CHP in their evaluation process and
several sites are moving forward with new CHP installations. By engaging in this highly
visible technical assistance outreach effort, the Midwest CEAC was able to increase their
relations with various entities in the Midwest region that were interested in this program
that included State Energy Offices (SEOs), state EPA agencies, Non-Government
Organizations (NGOs), and others.

Accomplishment 2.3: Increase in Number of CHP Projects Being Installed: Severa CHP
projects were installed in FY 2013 in the Midwest Region with several more on the watch list.
Thisincreasein activity is asignificant improvement over the past several years. Below are
alist of installed projects and those projects that the Midwest CEAC is aware of. Known
CHP projectsinstalled in FY 2013:

o 100 MW — Lansing Board of Water & Light (BWL), Lansing, M|
50 MW — Domtar, Rothschild, WI
2 MW — Potawatomi Bingo and Casion, Milwaukee, OH
1.2 MW — Northern Michigan University (NMU), Marquette, Ml
1.2 MW — Duck Farm, Middlebury, IN
500 kW — Gundersen Lutheran, LaCrosse, WI
210 kW — Brighton Tru-Edge Heads, Cincinnati, OH
150 kW — Danville WWTF, Danville, IL
130 kW — ProMedica Wildwood Orthopedic and Spine Hospital, Toledo, OH

0 O O 0O O O 0 O

Strategic Importance: The Midwest CEAC has been engaged with a number of projects
from one-on-one technical assistance to a site, to information shared with CHP project
developers, to engaging with discussion with utilities, and more. With anincreasein
CHP development activity, these projects will provide more sites to visit, more case
studies and lessons learned, and more familiarity with permitting, interconnecting, and
financing of these projectsin the Midwest.
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Accomplishment 2.4: Illinois Biogas CHP Program Resulted in Over 1,300 kW Installed
(increasing the number of biogas CHP projectsin Illinois by 63%): The Midwest CEAC has
worked closely for the last several years with both the Illinois State Energy Office (DCEO)
and the Association of Illinois Energy Cooperatives to increase anaerobic digester biogas
CHP projectsin lllinois. This past year the Midwest CEAC co-sponsored three workshops
with the AIEC, identified severa potential project sites, worked with Illinois and Region V
EPA on a potential Community Digester CHP Project, and convinced DCEO to continue its
incentive program for Biogas/Biomass CHP projects. Five (5) specific sites are proceeding in
[llinoisthat if successfully installed will result in over 1,300 kW of new CHP generating
capacity fueled by biogas.

Strategic Importance: The partnership of the Utility Coops, the EPA, and the Illinois
DCEO sends a definite positive message to the potential end users (food processing
plants, WWTF, livestock facilities etc.) that utility and state support is available for them.
Opportunity fueled CHP is an important strategic element in the implementation of CHP
in the Midwest where traditionally spark spreads between electricity and natural gas have
not been favorable.
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OBJECTIVE 3

Provide feedback to U.S. DOE, industry, and local government entities on technical,
market, and policy needs to assist in their program planning.

Accomplishment 3.1: CHP/WHP Submitted for inclusionin IL EEPS: The Midwest CEAC
developed the CHP/WHP incentive program for the Illinois public sector that was submitted
by the Illinois Department of Commerce and Economic Opportunity (DCEO) under the next
three (3) year plan of the Illinois Energy Efficiency Portfolio Standard (EEPS). The program
plan was submitted to the Illinois Commerce Commission (ICC) on August 28, 2013 with
approval anticipated in December 2013. Once approved, the Midwest CEAC will assist
DCEO in marketing the incentive program along with developing an RFP to solicit future
CHP projectsto qualify for the EE incentives. If approved by the ICC, the project incentives
will become available June 2014.

Strategic Importance: Theinclusion of CHP in the Illinois EEPS program will provide
incentives for CHP projects in the public sector lowering their overall first costs and
improving the overall project economics. Theinclusion of CHP in the EEPS program
was devel oped with experience and lessons learned from the recent activitiesin Ohio,
that the Midwest CEAC was actively involved in, when CHP was signed into law in 2012
asaqualifying technology under the Ohio EEPS program. The activitiesin Illinois were
also streamlined through the NGA Policy Academy process. 25% of the state’s energy
efficiency funds are managed by DCEO and allocated to the public sector and low
income housing. Although the Illinois electric utilities (ComEd and Ameren) el ected not
to include CHP as a specific program under their 3 year plans. The intent of the Midwest
CEAC isto utilize the DCEO filing and CHP program as leverage to have the utilities
initiate pilot CHP effortsin 2014/2015.

Accomplishment 3.2: Positive Changes Favoring CHP in Minnesota and lowa Policies: The
Midwest CEAC participated in several activities during the contract period that have led to
favorable outcomes in state legislation and regulations.

e |Improvementsin MidAmerican Standby Rates (lowa) — MidAmerican filed new
standby rates with the lowa Utilities Board (IlUB). Thisisadirect result of the two
previous studies the Midwest CEAC authored concerning standby ratesin lowa. The
hearing for thisrate filing is set to begin November 2013.

e Waste Heat to Power (WHP) submitted in lowa Utility Plans— The lowa Investor
Owned Utilities (I0Us) of Alliant Energy and MidAmerican Energy both submitted
their five (5) year energy efficiency portfolio plansin FY 2013 that included waste
heat to power (WHP). The Midwest CEAC authored a paper examining the barriers
to CHPinlowain FY2012. Additionally, the Midwest CEAC provided testimony in
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FY 2013 to the IUB in support of WHP in these portfolios. The IUB'sfinal decision
concerning WHP is due in December 2013.

e Improvementsin Xcel Energy Standby Rates (Minnesota) — X cel significantly revised
their standby rate. The previous rate created avoided rates as low as 70% of the retall
rate while the new standby rate helps customers avoid 90% of theretail rate. The
Midwest CEAC brought the issue of standby ratesin front of the Minnesota
Department of Commerce in a September 2011 presentation and at a January 2012
workshop.

e Standby Rate Exemption for Minnesota Net M etering Customers — Minnesota passed
HF 729 in FY 2013 which included an exemption from standby rates for net metering
DG upto 1 MW in generating capacity. MN utilities recently filed their revised
tariffs with the PUC. The Midwest CEAC along with the Midwest Cogeneration
Association is planning to file comments providing information on the benefits
associated with the standby exemption for all DG customers with a capacity upto 1
MW. The Midwest CEAC participated in public workshops in Minnesota over the
past several years covering topics of DG and CHP.

e Definition of Waste Heat Recovery Expanded in Minnesota Law — The definition of
“waste heat recovery” was expanded by adding “waste heat recovered and used as
thermal energy” in HF 729 during FY2013. The Minnesota legislature opened the
door for the recovery and reuse of waste heat from existing machinery, buildings or
industrial processes, including CHP. The expanded recovery and reuse of otherwise
wasted heat to reduce demand side energy usage will now be eligible to participate in
a utility’s conservation improvement programs and the resulting energy savings will
be eligible towards a utility’s natural gas or electric energy savings goals. The
Midwest CEAC participated in public workshops in Minnesota over the past couple
years covering topics of DG and CHP.

Strategic Importance: The improvements in state policies towards CHP are critical to
reducing the barriers of CHP implementation. Two barriersidentified in several Midwest
states are standby rates and lack of incentives. The work of the Midwest CEAC over the
past couple of years that have led to these positive changes in policies are being shared
with other states as lessons learned and sample templates to continue educating
stakeholders in other states.

Accomplishment 3.3: Ohio Energy Legislation Passed and Signed into Law: In June of
2012, Governor Kasich signed into law SB 315, an energy plan that included CHP and WER
as arecognized technology in the State Energy Efficiency Portfolio Standard (EEPS) and
included Waste Energy Recovery (WER, aso known as Waste Heat to Power) asa
recognized technology under the State Renewable Portfolio Standard (RPS). Thisisamajor
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accomplishment for not only the Midwest CEAC, but all our partners that have been working
on thisfor the past 242 years.

Strategic Importance: In the winter of 2010, the Midwest CEAC identified Ohio asa
state that ranked 25th in installed CHP (approx. 750 MW), but ranked 8th in CHP
technical potential (over 9,000 MW). Ohio was identified as one of the six (6) states
designated by DOE for targeted emphasis by the CEACs to reform state policy to
increase the implementation of CHP. The Midwest CEAC has worked diligently: 1)
helping form an OHIO CHP Coalition that has brought together both the industrial and
environmental sectorsto promote favorable CHP policies; 2) to become recognized by all
stakeholders in the state as an unbiased expert in CHP; and 3) made ourselves available
to provide market assessments, education/outreach, and tech assistance to the coalition,
the Ohio PUCO, the Governor’s Office, and the utilities.

e SB 315 now putsin place the mechanism by which CHP/WER can become
integral parts of the utilities’ EEPS and RPS plans. The work is not yet complete
asthe law passing only accomplishes the first phase. Starting in the fall of 2012,
phase two will include the PUCO starting the regulatory process to implement SB
315 inthe State. Our strategic direction is now focused on making sure the
implementation rules are such that the utilities will indeed incorporate these
technologiesinto their plansin afair and reasonable manner.

e Thepassing of SB 315 and the implementation rules development will enhance
the development process of CHP in the State of Ohio making it amore favorable
state to develop CHP projects, ultimately leading to Ohio contributing more GW
of CHP installations to the SEE Action goal of 40 GW. The passing of thislaw is
amajor accomplishment for not only the Midwest CEAC, but all our partners that
have been working on this for the past 2 %2 years."

Accomplishment 3.4: Development of the Ohio CHP Coalition: The CEAC provided
technical and educational support to the coalition. We assisted in bringing together both the
industrial manufacturing community and the environmental community to proceed as a
unified coalition to address both the opportunities and barriers facing CHP/WER in Ohio.
This consisted of numerous meetings, conference calls, preparing educational material,
organizing workshops and webinars, and being available to answer questions on CHP/WER
in general and specifically how other states were addressing similar issuesin their state.

Strategic Purpose: The formation of the coalition was the mechanism to affect state
policy in regards to CHP/WER. A united front (partnership) between the industrial and
environmental communities would get the attention of the regulators and legislators who
in turn would be able to get the attention of the utilities.
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Products Developed

Conference papers published by the Midwest CEAC are listed and presented in the Appendix.

Information from the Midwest CEAC can be found at www.midwestcleanenerg.org

Quarterly Reports for the Midwest CEAC between FY 2010 and FY 2013 are listed in the
Appendix.
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APPENDIX
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CEAC Presentations

# | Presentation Conference Location | Date Sponsor

1 | How Can Utilities 2013 Midwest Energy Chicago, | 1/17/2013 MEEA
Engage Industrials for Solutions Conference IL
Greater Savings?

2 | Panel Discussion: Post NASEO & ASERTTI Washingt | 2/5/2013 NASEO &
Hurricane Sandy — The Energy Outlook onDC ASERTTI
Resiliency Benefits of Conference
CHP

3 | National Governors Stakeholder Advisory Chicago, | 3/19/2013 SAG
Association Policy Group IL
Academy — Illinois
Participation

4 | Combined Heat and Utility Regulation: The Springfie | 4/18/2013 Institute for
Power (CHP) — An Good, the Bad, and the Id, IL Regulatory
Opportunity for Illinois Efficient Policy Studies
Policy

5 | Combined Heat & Power | 2013 CenterPoint Energy | Minneap | 5/21/2013 CenterPoint
(CHP) Efficiency and olis, MN Energy

Technology Conference

6 | Taking Advantage of 2013 RE AMP Annual Chicago, | 6/19/2013 RE AMP
Combined Heat and Mesting: Getting Clean IL
Power (CHP) Energy Built

7 | CHP, an Opportunity for | 2013 NASEO Midwest Ann 5/7/2013 NASEO
Midwest State Policy Regional Meeting Arbor,

Ml

8 | DOE CEACs, CHP lowa Combined Heat and | Des 6/28/2013 |owa Eonomic
Market Drivers, & CHP | Power Worshop Moines, Development
Applications 1A Authority

9 | Taking Advantage of OMA Energy Efficiency | Webinar | 7/17/2013 Ohio
CHP & CHP Work Group Manufacturing

Association
10 | CHP and Critical State of Illinois Energy Springfie | 7/22/2013 lllinois
Infrastructure Assurance Workshop for | Id, IL Department of
Municipalities Commerce and
Economic
70pportunity

11 | CHP and Critical State of Illinois Energy Glen 7/23/2013 [llinois
Infrastructure Assurance Workshop for | Ellyn, IL Department of

Municipalities Commerce and
Economic
Opportunity

12 | Combined Heat and NASEO Annual Meeting | Denver, | 9/5/2013 NASEO
Power (CHP) Update on (6(0)

Security and Resiliency

13 | Examining CHP Half Moon Seminars Middlebu | 6/2/2011 Half Moon
Technologies rg Seminars

Heights,
OH

12
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14 | Snapshoat of the MCA Annual Conference | Elgin, IL | 10/11/2011 | Midwest
Cogeneration/ CHP Cogeneration
Market and Industry Association
Trends

15 | Waste Heat Recovery World Energy Chicago, | 10/14/2011 | WEEC
Opportunities Engineering Congress IL

Conference

16 | Industrial Cogeneration/ | American Institute of Chicago, | 11/11/2011 | American

CHP Chemical Engineers IL Institute of
(AIChE) 2011 Midwest Chemical

Regional Conference Engineers
(AIChE)

17 | Combined Heat & Power | American Institute of Chicago, | 11/11/2011 | American
(CHP) in the Food Chemical Engineers IL Ingtitute of
Processing Industry: (AIChE) 2011 Midwest Chemical
When Does It Make Regional Conference Engineers
Sense? (AIChE)

18 | Introduction to CHPand | Congressional Education | Washingt | 11/17/2011 | NASEO and
WHR Technologies Briefing onDC ASERTTI

19 | CHP Using Biogas & [llinois 25x'25 Renewable | Chicago, | 11/18/2011 | lllinois 25x'25
Biomass Fuels Energy Forum's IL Renewable

Distributed Electricity Energy
and Renewable
Electricity Panel

20 | Industrial / Commercial / Online 1/17/2012 PUCO/DOE
Institutional Boiler Webinar
MACT Combined Heat
and Power: A Technica
& Economic Compliance
Option

21 | Introductory Presentation | Biogas Renewable Breese, 2/3/2012 AIEC, EPA,

Energy CHP Projectsfor | IL CEAC
Clinton County Electric

Coop Dairy Farmers,

Understanding Issues,

Evaluating Combined

Heat & Power

Opportunities, Increasing

Energy Efficiency, and

Improving Y our Bottom

Line

22 | Introductionsto 2012 NARUC Winter Washingt | 2/6/2012 NARUC
Combined Heat & Power | Mestings onDC
(CHP)

23 | Strategic Statesand SEE | IDEA Business Washingt | 2/6/2012 IDEA
Action Network for Development Workshop | on DC
Industrial EE & CHP

24 | Industria Energy Industrial Efficiency and | Washingt | 2/8/2012 NASEO/
Efficiency: A look at Advanced Manufacturing | on DC ASERTTI

Illinois and the Midwest

Roundtable

13
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25 | Introductory Presentation | Biogas Renewable Effingha | 2/9/2012 AIEC, EPA,
Energy CHP Projectsfor | m, IL CEAC
West-Centra Illinois
Livestock Producers:
Understanding Issues,
Evaluating Combined
Heat & Power
Opportunities, Increasing
Energy Efficiency, and
Improving Y our Bottom
Line
26 | Introductory Presentation | Biogas Renewable Macomb, | 2/10/2012 AIEC, EPA,
Opportunities, Increasing | Energy CHP Projectsfor | IL CEAC
Energy Efficiency, and South-Centra Illinois
Improving Your Bottom | Livestock Producers:
Line Understanding Issues,
Evaluating Combined
Heat & Power
27 | CHP & WHR Online 2/14/2012
Technology Briefing and Wehinar
Environmental Benefits
28 | U.S. Department of Public Utilities Columbu | 3/9/2012 PUCO
Energy Boiler MACT Commission of Ohio s, OH
Technical Assistance (PUCO) Educational
Pilot Program Forum
29 | Market Opportunitiesfor | AW&WMA Lake Oakbroo | 5/15/2012 AWE&WMA
Biogas Utilization Michigan States Section's | k Lake Michigan
Waste Not Conference Terrace, States Section
IL
30 | Panel: Advancing Pro- USCHPA Spring Forum | Washingt | 5/16/2012 USCHPA
CHP Policy in Ohio onDC
31 | CHP Opportunities and Indiana District Energy Indianap | 6/14/2012 Bingham
DOE's Regional Clean Seminars olis, IN Greenbaum
Energy Application Dall
Centers
32 | Combined Heat and Public Utility Columbu | 6/20/2012 PUCO
Power 101 Commission of Ohio's s, OH
Combined Heat and
Power Case Studies:
V oices of Experience
33 | Session 2: "Opportunities | Industrial Energy Columbu | 6/21/2012 USDOE
and Potential for Efficiency & CHP s, OH
Industrial CHP" Diaogue (US DOE
Regional Meeting -
Midwest)
34 | CHP Project Costs PUCO CHP: Financia Columbu | 8/2/2012 PUCO
Screening Tools Workshop s, OH
35 | Combined Heat & Power | 7th Annual Northern Toledo, 9/25/2012 Manufacturer’s
(CHP) and Waste Energy | Ohio Energy OH Education
Recovery (WER) Management Conference Council

14
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Opportunities for Ohio
Industries

36 | Natural Gas Key Account | Natural Gas Key Account | Columbu | 12/7/2012 PUCO
Reps Training for CHP Reps Training for CHP s, OH

15




How Can Utilities Engage Industrials for
Greater Savings? (CHP Option)

2013 Midwest Energy Solutions Conference -
MEEA, January 17, 2013

Panelist
John J. Cuttica
Energy Resources Center
University of lllinois at Chicago
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DOE Clean Energy
Application Centers:

Program Contacts

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

Conventional CHP System
Reciprocating Engines
Aero derivative Gas Turbines
Micro-Turbines
Fuel Cells
Boiler / Steam Turbine

Electricity

US DOE Regional Clean Energy
Application Centers (CEACS)

U.S. DOE Midwest Clean Application Center originally
established in 2001 by U.S. DOE and ORNL to support DOE
CHP Challenge

Today the 8 Centers promote the use of CHP, District Energy,
and Waste Heat to Power Technologies

Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market analysis & evaluation
— Education & outreach
— Technical assistance

o Midwest Website: www.midwestcleanenergy.org

’i‘ M Civan oy Appision Cover

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

Simultaneous generation of heat
and electricity

Fuel is combusted/burned for
- the purpose of generating
_E'L'“”“Z/ heat and electricity

Normally sized for thermal load
to max. efficiency — 70% to 80%
Minimum efficiency of 60%
normally required

Conventional
CHP System

Min. eff. = 60%
Typical eff. 70% - 80%

Normally non export of electricity

Low emissions — natural gas

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Waste Heat to Power CHP
(also referred to as Bottoming Cycle CHP or Indirect Fired CHP)
steam boiler

Waste heat from the
industrial process

Simultaneous gt
electricity:

No additional fossil fuel combustion
(no incremental emissions)

Normally produs
Energy lectric genel
Intensive
Industrial
Process

Heat produced for the
industrial process




Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Two (2) Forms of CHP

Conventional CHP Waste Heat to Power CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP) (also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

Steam Turbine
Heat recovery
steam boiler

Energy
Intensive
Industrial
Process

Electricity

Conventional
CHP System

~_ Fuel

CHP Is Used at the Point of Demand
-5 W‘t
{3 842 CHP Prolects

81,700 MW

Saves 1.8 quads of
fuel each year

= o
Eliminates 241 M tons of
CO, each year

CO2 reduction
equivalent to
eliminating forty 1,000
MW coal power plants

Source: ICF International

Existing CHP Capacity

~ 8% US generating capacity

13%
~ 12% total annual MWh ammercily
generated Institutional

Chemicals

Other Industrial
Industrial applications represent % \
87% of existing capacity Other Mg ‘

5%
Commercialiinstitutional ey (
applications represent 13% of 2%

L ! Food
existing capacity: %
Hospitals, Schools, University Paper
Campuses, Hotels, Nursing Homes,
Office Buildings, Apartment
Complexes, Data Centers, Fitness
Centers

 18%
Refining

Source: ICF International

Why U.S. Businesses Invest in CHP
(> 3,800 installations & ~ 82 GW installed capacity)
Reduces energy costs for the end-user

Increases energy efficiency, helps manage costs,
maintains jobs

Reduces risk of electric grid disruptions & enhances
energy reliability (Hurricanes Katrina & Sandy; 2004
Blackout)

Provides stability in the face of uncertain electricity
prices

Used as compliance strategy for emission regulations
(Boiler MACT & Reduced Carbon Footprint)

’i‘ M Civan oy Appision Cover

Why More Businesses Do Not Invest
in CHP

Economics not right (long payback periods)
Spark Spread not favorable
Capital Cost

Competing for tight capital budgets

Too much of a hassle
Utilities not always helpful (seen as impediment)

Lack of accurate knowledge & lack of resources
to investigate

To lesser degree, financing and permitting

’i‘ M Civan oy Appision Cover

How Can Utilities Help

Utilities have to want to assist

Recognize as benefit not liability (regulatory fairness)
Include CHP in Utility programs:

Waste Heat to Power ..... RPS

Conv. CHP & Waste Heat to Power .... EEPS

Ohio, Maryland, Connecticut, Massachusetts,
California, Arizona, and growing

Encourage CHP in grid congested areas (CHP
Zones)

Re-look at Standby Rates, Net Metering Regs,
and Interconnection Costs

Include in demand response programs




‘and technology information
+ Offer catalog of case studies of successful energy

efficiency implementation
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John Cuttica
312/996-4382
cuttica@uic.edu
www.midwestcleanenergy.org
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Panel Discussion
Post Hurricane Sandy - The Resiliency
Benefits of Combined Heat & Power

NASEO & ASERTTI
Energy Outlook Conference
Wednesday, Feb. 51, 2013

Panel Moderator: John J. Cuttica, Energy Resources Center,
Univ. of lllinois at Chicago

Panelists:

Edward “Ted” Borer, PE; Energy Plant Manager, Princeton Univ.

Peter Douglas; Director of End-Use Application & Innovation,
New York State Energy Research & Development Authority

Losing Electricity Goes Beyond
Inconvenience
National Security

Life Endangerment
Significant Costs

Industry Avg. Cost of Downtime
Cellular Communications $41,000 per hour
Telephone Ticket Sales $72,000 per hour

Airline Reservations $90,000 per hour

Credit Card Operations $2,580,000 per hour
Brokerage Operations $6,480,000 per hour

CHP and Energy Assurance
Planning

New York: NYSERDA strategic partnership with
N.Y. State Office of Emergency Management

Coming Soon: U.S. DOE SEEAction Document ---
“Guide to the Successful Implementation of State
CHP Policies” .. Chapter 6 on Critical Infrastructure
Applications

Coming Soon: NASEO Paper: “Combined Heat
and Power — A Resource Guide for State Energy
Officials and Policymakers”

Electricity Availability
Taken for Granted
When we lose the electric grid, it affects:
Water & waste water facilities
Oil & gas pipelines
Communication systems
Transportation systems

Buildings of all types, sizes, and occupancy
levels

Businesses (Industrial/Commercial)
Health & emergency systems

CHP and Energy Assurance
Planning

NASEO/DOE - State Energy Assurance Guidelines
.... Jeff Pillon and Alice Lippert

Texas HB 1831 & HB 4409: Consider CHP before
construction and/or major renovations for gov't
owned facilities identified as critical in emergency
situations

Louisiana Resolution No. 171: Requests the DNR
and PSC establish guidelines to evaluate CHP
feasibility in critical government facilities

Numerous Examples of CHP in
Energy Emergency Situations
Today’s Panel --- Super Storm Sandy

Previous Examples:
Northeast Blackout ..... 2003

Hurricane Katrina ....... 2005
Hurricane lke ............ 2008
Hurricane Irene .......... 2011




Super Storm Sandy

One of the most expensive natural disasters in
U.S history:

~ 2.1 million facilities w/o power ... New York State
~ 2.6 million facilities w/o power ....New Jersey
~ 0.6 million facilities w/o power ....Connecticut

$ lost due to production/sales downtime, lost
inventory, spoiled goods?

N.Y. and N.J. alone requested a combination $82
Billion in federal support

Today’s Panelists

Edward “Ted” Borer:

Advanced Planning for Electric Reliability In
Princeton University Campus Microgrid

January 28t, 2013
New Jersey Governor’s Annual
Environmental Excellence Awards
» Princeton one of 11 winners
» Clean Air Category
» CHP System key to award

Today’s Panelists

Peter Douglas

NYSERDA Support of CHP for the Last 10
Years




National Governors Association Policy
Academy - lllinois Participation

Presentation to SAG
Tuesday, March 19, 2013
John Cuttica, UIC/ERC
Eric Heineman, Governor’s Office
Agnes Mrozowski, Illinois DCEO

5/22/2014

Presentation Outline

Introduce NGA Policy Academy Project

Introduce the Concept of CHP as an
Allowable Technology Under EEPS (initial
reactions)

Next Steps
SAG input to NGA project

What needs to be done to continue the
process of CHP incorporated into EEPS

National Governors Association (NGA)
Policy Academy

NGA Policy Academy

A targeted technical assistance program offered by
NGA and its expert national faculty

Work with selected states to identify and develop
long-term policy and program changes to positively
impact specified areas of interest

llinois is one of five states selected under a

competitive procurement to participate in the NGA
Policy Academy entitled:

“ Enhancing Industry Through Energy
Efficiency and Combined Heat &Power”

lllinois Team

State Team :
Governor’s Office --- Eric Heineman
DCEO --- Agnes Mrozowski (David Baker, Byron Lloyd)
ICC --- Jon Feipel (Torsten Clausen, Jim Zoinierek)
lllinois EPA --- Kevin Greene
ERC (tech advisors) --- John Cuttica / Cliff Haefke
NGA Coordinator --- Sue Gander
Utilities Contacted:
NICOR --- Jim Jerozal
Peoples --- Patrick Michalkiewicz
ComEd --- Tim Melloch
Ameren --- Keith Goers
MEEA --- Jay Wrobel

Develop an Implementable Action Plan
for the Governor by April 30, 2013

Role EE and CHP can play in assisting lllinois public
sector/industries

Analyze barriers to greater investment & implementation
of these technologies (EE and CHP) by the industrial
sector

Recommend policy and program changes to enhance
their effectiveness, including but not limited to:
Regulatory & financial incentives
Education & outreach activities
Technical assistance
Partnerships/collaborative approaches

Activities to Date

Brief utility sector representatives (Nov. 28)
Identified challenges for group to address

Consult with IL EPA on Boiler MACT outreach (Feb 14)
Working UIC/ERC to roll out tech. assistance program

Brief Stakeholder Advisory Group for the IL EEPS (March 19)
Will present ideas on incorporating CHP into EEPS 3yr plan

Brief manufacturing sector representatives (Mid-March)

Will explore partnering on outreach and education with trade
associations, assisting efforts on Boiler MACT compliance through
CHP, discuss key strategies

Two Policy Academy Mtgs:
Portland .... October, 2012
Philadelphia .... March, 2013




Premise for Illinois Participation in
the Policy Academy

State EEPS Program (administered by the investor
owned utilities) is the single largest opportunity within
the state for increased Industrial EE

EEPS annual efficiency targets becoming much more
difficult to meet

Greater industrial sector participation is one of the keys
to the future success of EEPS

How can we increase industrial participation in EEPS
through policy and program changes (can CHP be a
contributor)?

5/22/2014

Goal 1: Identify mechanisms to increase industrial
sector participation and investment in EEPS.

Strategies:

Enhance industry education & outreach to increase
participation in EEPS programs (Governor Recognition Award;
Case studies/success stories)

Add CHP to EEPS program (not currently included)

Examine EM&V modifications to facilitate greater
participation in EEPS programs (e.g. consistent protocols,
credit for behavioral programs, treatment of targeted programs)

Help advance larger projects and/or aggregation of
projects that better address industrial needs (process not
facility oriented)

Goal 2: Identify mechanisms to advance the use
of CHP in the industrial & large institutional sectors

Strategies:
Add CHP to EEPS program and WHP/CHP to RPS program

Provide greater education for industry on benefits &
application of CHP (e.g. webinar series)

Participate in implementation of DOE Boiler MACT
Technical Assistance Program in lllinois

Explore CHP “permit by rule” (streamline process)
Integrate CHP into critical infrastructure planning

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

Simultaneous generation of
heat and electricity

Fuel is combusted/burned
for the purpose of generating
heat and electricity

Normally sized for thermal load
to max. efficiency — 70% to
>85%

Minimum efficiency of 60%
normally required

Separate Energy Delivery: 45% to 55%
« Electric generation — 33% Normally non export of
+ Thermal generation - 80% electricity

CHP Energy Delivery: 70% to 85%

Low emissions — natural gas

Some Questions for Including CHP in EEPS:

Must pass TRC Test!!

Should Incentives be on Electric Side, Gas Side, or
shared?

How do you Calculate Energy Savings?
Estimated versus Actual Savings?

Can CHP Significantly Assist in Meeting Targets?
How do you control size of CHP incentives?

Is it Fuel Switching and How do you Handle that?
What Have Other States Done?

Add CHP to lllinois EEPS Program??

Over 20 states specifically call out CHP in either their
RPS, EEPS, or AEPS.

Arizona, Maryland, Massachusetts, Rhode Island,
Connecticut, Ohio all have conventional CHP under their
EEPS program

Most other states include WHP/CHP as part of their RPS
and/or EEPS

Under EEPS Programs, the CHP systems are
incentivized as electric energy efficiency measures.




Calculating Savings

Sfuel CHP = I:grid + Fthermal - I:CHP Total

EPA Emissions Calculator can be utilized to calculate S ¢ cpp
http://epa.gov/chp/basic/calculator:htm|

Selec cHp = Stuel chp / H
S = Savings
F = Fuel
H = Heat Rate — MMBtu/Mwh (grid, CHP system, or standard
conversion
Depending on value used for H, provides very favorable,
very conservative, more realistic values.

Based on the above, we came up with what we are
recommending to Ohio — Threshold/Tiered approach

5/22/2014

Threshold/Tier Approach (proposed Ohio)

Efficiency (%, LHV) Portion of MWh output
considered savings

<60 0%
60-65 60%
65-70 70%
70-77.5 80%
>775 100%

* Does not pick technology winners

* Encourages project developers to design higher-efficiency
installations, regardless of the prime mover technology

* Is based on the performance of real CHP systems, of various
sizes, configurations and technologies

« Is simple to administer and implement

* Neither under-estimates nor over-estimates savings

Example — based on actual site

6.3 MW Turbine with HRSG (has duct firing)
Operates 8760 hrs @ 96% availability (50,793,170 kwh)
Unfired Thermal Output (no duct firing):
2,638,916 Therms; produces 37% of steam load; CHP system
efficiency is 80.4% (LHV)
With Duct Firing:
6,126,695 Therms; produces 85% of steam load; CHP system
efficiency is 87.9% (LHV) --- remaining 15% provided by 82%
efficient boiler.
With threshold/Tiered Approach:
50.8 million kWh allowed as savings
At $0.07/kWh — could get up to $3,555,522 in incentive
BG&E limits incentive to $2M --- this case would be $0.039/kWh
Cost of this type project vary greatly ($9.5M to > $20M)

Summary & Next Steps (CHP):
Several states (AZ, MD, MA, RI, CT, OH) have
conventional CHP as part of EEPS
CHP can provide significant energy savings towards
target goals
CHP as part of EEPS — many questions to be
evaluated further
CHP next steps:

Should we move forward in evaluating CHP as EEPS
option? And how?

Perhaps Task Force (Envir, CHP Industry, Industrials,
State Agency, Utilities)

UIC/ERC can provide some assistance as we did in Ohio.

Questions/Discussion




Combined Heat and Power (CHP), An
Opportunity for lllinois Policy

Presentation to:

The Institute for Regulatory Policy Studies Conference
“Utility Regulation: The Good, the Bad, and the Efficient”
Thursday April 18t, 2013
John Cuttica and Cliff Haefke
University of lllinois at Chicago
Energy Resources Center

Presentation Outline

0 Combined Heat & Power (CHP) — What is it &
Why should | be interested

0 CHP Opportunities in lllinois
— Portfolio Standards (EEPS / RPS)
— EPA Boiler MACT Rule
— Critical Infrastructure Support
— Utility Participation in CHP Markets

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

@l-l—{-

Separate Energy Delivery: CHP S iy Gl e ) )
+ Electric generation — 33%
« Thermal generation - 80%
+ Combined efficiency — 45% to 55%

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

nventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

Simultaneous generation of heat
and electricity

Fuel is combusted/burned for
the purpose of generating heat
and electricity

Normally sized for thermal load
to max. efficiency - 70% to
>85%

Minimum efficiency of 60%
normally required

Normally non export of electricity.

Low emissions — natural gas

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
heat and electricity) from a single fuel/energy source

Waste Heat to Power CHP
(also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

\
Steam | Electricity
Turbine -

Waste heat from the
industrial process

electric g eranon (ohen exp s
electricity to the grid; base load
electric power)

Energy
Intensive
Industrial

Pr(
0cess Heat produced for the

industrial process

CHP Is Used at the Pomt of Demand

4,100 CHP Sltes
(2012)

81,800 MW
installed capacity

Avoids 241 M metric
tons of CO, each year

- 87% of capacity — industrial

CHP represents oﬁly 8% of
5 e R My US generating capacity.
. Underutilized Resourcel!!

71% of capacity — natural

Source: ICF International




CHP in lllinois

0 1,330 MW installed at

=~ 137 sites D e
0 Represents = 2.7% of b e
generating capacity e o
Indisns  Ohis
o Technical potential = g
Kaounn sl

8,200 MW
0 Ranks 19 among
states in CHP adoption
o Ranks 5" among
states in tech. potential

CHP Value Proposition

Combined
Category 10 MW 10 MW 10 MW Cycle
CHP PV Wind (10 MW
Portion)

Annual Capacity Factor 85% 25% 34% 67%
Annual Electricity 74,446 MWh 21,900 MWh 29,784 MWh 58,692 MWh
Annual Useful Heat 103,417 MWh, None None None
Footprint Required 6,000 ft2 1,740,000 ft? 76,000 ft? N/A
Capital Cost $24 million $60.5 million $24.4 million $10 million

Annual Energy Savings 343,747 MMBtu 225,640 MMBtu 306,871 MMBtu 156,708 MMBtu

Annual CO, Savings 44,114 Tons 20,254 Tons 27,546 Tons 27,023 Tons
Annual NOx Savings 86.9 Tons 26.8 Tons 36.4 Tons 59.2 Tons

Based on: 10 MW Gas Turbine CHP - 30% electric efficiency, 70% total efficiency, 15 PPM NOx
Electricity displaces National All Fossil Average Generation (eGRID 2010 ) -
9,720 Bu/kWh, 1,745 Ibs CO,/MWh, 2.3078 Ibs NOXMWH, 6% T&D losses
Thermal displaces 80% efficient on-site natural gas boiler with 0.1 Ib/MMBtu NOX emissions

Growing State Policy Support for CHP

24 states recognize CHP/WHP in some manner in state
Renewable or Energy Efficiency Portfolio Standards

Massachusetts — CHP a critical part of Advanced Energy
Portfolio Standard and Utility Energy Efficiency
Programs

Ohio — include CHP/WHP in Portfolio Standards; Boiler
MACT pilot program

Maryland — CHP pilot program as part of EMPOWER
Maryland energy efficiency program

California — Feed in tariff for excess generation systems
under 20 MW — long term power purchase agreements

Louisiana, Texas, New York, New Jersey — CHP as part of
critical infrastructure activities

Texas — Permit by Rule for CHP systems < 15MW

CHP and lllinois Policies

Portfolio Standards (EEPS / RPS)
Boiler MACT Compliance Strategies
Critical Infrastructure Support

Utility Participation in CHP Markets

[llinois EEPS Program

State EEPS Program (administered by the investor
owned utilities) is the single largest opportunity within
the state for increased large customer EE

EEPS annual efficiency targets becoming much more
difficult to meet within budget caps

Greater industrial, large commercial, institutional sector
participation is one of the keys to the future success of
EEPS

How can we increase large customer participation in
EEPS?

Can CHP be a Contributor

Some Thoughts for Including CHP in EEPS:

Projects must pass cost effectiveness test (TRC).

Should incentives be on electric side, gas side, or
shared?

How do you calculate allowable energy savings?
Should incentives be tied to measured performance?
Can CHP significantly assist in meeting targets?
How do you control size of CHP incentives?

What have other states done? (16 states include)

Next Three Year Programs Due September
2013




EPA’s Boiler MACT Rule (CHP Role)

ICI Boiler MACT - Standards for hazardous air pollutants from major
sources: industrial, commercial and institutional boilers and
process heaters

Final rule December 2012 — Compliance by January 31, 2016

Compliance with MACT limits will be expensive for many coal and
oil users (standard compliance measures)

May consider converting to natural gas
Conversion for some oil units, replacements for coal units?

May consider moving to natural gas fueled CHP
(trade off of benefits versus additional costs)
Represents a productive investment
Potential for lower steam costs due to generating own power
Higher overall efficiency and reduced emissions
Higher capital costs, but partially offset by required compliance costs or
new gas boiler costs

Affected Boilers in the Midwest

Fuel Type Number of Units | Capacity (MMBtu/hr)
Coal 360 84,197
Heavy Liquid 64 9,936
Light Liquid 58 5,375
Total 482 99,508

Includes industrial, commercial and institutional boilers only

© 2011 ICF International. Expanded Database. Al rights reserved.

Affected Coal and Oil Boilers in the
Midwest by Market Sector

- i Capacity
ot wrcie e | it
46 92

Food 21,460
Paper 28 55 13,433
Petroleum and Coal 5 13 3,219
Chemicals 29 65 10,452
Plastics and Rubber 6 17 1,488
Primary Metals 9 22 9,011
Fabricated Metals 2 5 664

Machinery 5 14 5,276
Transportation Equip. 18 80 12,036
Educational Services 18 44 8,753
Other Applications 29 75 13,717
Total 195 482 99,508

©2011 ICF International. Expanded Database. All rights reserved. 15

Affected Coal and Oil Boilers in the

Midwest

P q Total

e
(MMBtu/hr)|

lowa 18 39 3 5 15,217
Illinois 23 36 2 7 10,241
Indiana 22 37 14 14 14,986
Kansas 2 1 4 0 685
Michigan 29 72 7 0 18,630
Minnesota 15 16 12 7 4,955
Missouri 8 22 0 8 3,442
North Dakota 6 6 3 1 3,838
Nebraska 6 6 4 0 2,554
Ohio 37 77 3 10 14,179
South Dakota 1 5] [ [ 1,651
Wisconsin 28 43 12 6 9,131
Total 195 360 64 58 99,508

©2011 ICF International. Expanded Database. All rights reserved. 16

DOE Boiler MACT Technical Assistance
Program (Midwest)

Providing site specific technical and cost information to the 195+
major source facilities (~ 480 boilers) in 12 states currently
burning coal or oil (Decision Tree Analysis)

Meeting with willing individual facility management to discuss
“Clean Energy Compliance Strategies” including potential funding
and financial opportunities.

Assisting interested facilities in the implementation of CHP as a
compliance strategy
Program Offered Through The
U.S. DOE Midwest Clean Energy Application Center
University of lllinois at Chicago
Illinois Program Just Getting Underway

CHP - Part of Critical Infrastructure

Most critical infrastructure facilities are dependent
on availability & resiliency of the electric grid

Grid is subject to terrorist attack & natural disasters

If electricity grid is impaired, a properly configured
CHP system can continue to operate, ensuring an
uninterruptable supply of electricity and thermal
energy (hospitals, universities, waste water
treatment facilities, financial institutions, placed of
refuge, etc)

Numerous examples — Northeast Blackout 2003, Hurricane

Katrina 2005, Super-storm Sandy 2012, Various winter and
summer blackouts/brownouts




Infrastructure Design

Include CHP in critical infrastructure facilities as
a priority in state and local emergency planning
activities

Some states require consideration of CHP in
design and major retrofit of “critical” state
facilities (Texas and Louisiana)

Encouraging the incorporation of “black start”
capability in appropriate CHP installations

Recognition of the differences between
emergency generators and CHP systems

Utility Participation in CHP Markets

Can a utility build and own CHP facilities?

Can a utility negotiate a package of services to
support a CHP customer?

Can a utility include CHP as part of their energy
efficiency incentive programs (EEPS)?

Perhaps CHP Zones where grid congestion
exists or impractical to upgrade or install new
lines?

Summary

CHP is not the “silver bullet” to answer all
energy issues

CHP can be a highly effective tool in state
energy related programs

CHP not a technology issue

CHP normally an economic and/or policy
issue

The concepts presented this morning are
intended to encourage discussion

Thank You for Your Attention
Contact Information:

Clifford Haefke John Culttica
312/355-3476 312/996-4382
chaefkl@uic.edu cuttica@uic.edu

For more information:

www.midwestcleanenergy.org

http://www1.eere.energy.gov/seeaction/chp_policies guide.html

http://www.epa.gov/chp/documents/ps _paper.pdf




Combined Heat & Power (CHP)

2013 Energy Efficiency and Technology Conference
Track 2: Industrial Energy Efficiency

May 21, 2013
Cliff Haefke
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S‘ Midwest Clean Energy Application Center
o

-

Presentation Outline

Overview of Combined Heat and Power (CHP)

Industries and applications where this
technology makes sense

Factors to consider when planning a CHP
project

Example CHP Case Studies

What technology can... 5

Increase overall energy efficiency and reduce utility bill
expenditures?

Reduce carbon emissions?

Increase energy reliability, decrease reliance on the grid, and
support grid T&D?

Show more energy savings and reduce more emissions than
comparably sized PV and wind technologies?

Support nation’s energy goals and is commercially available today?

The Answer? CHP “48

& Cleun Tareyy Application Comters

B Clom oy Appicatiom Comters

US DOE Regional Clean Energy
Application Centers (CEACS)

U.S. DOE Midwest Clean Application Center originally
established in 2001 by U.S. DOE and ORNL to support DOE
CHP Challenge

Today the 8 Centers promote the use of CHP, District Energy,
and Waste Heat Recovery Technologies

Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market analysis & evaluation
— Education & outreach
— Technical assistance

o Midwest Website: www.midwestcleanenergy.org

(See Slides 37 & 38 for more information) ‘3— Chm gy Sl it

Fuel Utilization by U.S. Utility Sector

ol 5L 1%

More than two-thirds of the
fuel used to i

Maturai Gas 165%

Source: http://wwwl. eere.energ) _report_12-08.pdf

B G gy Appication Conters

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

Source: hitp/www.epa.govichpibasic/index.htm

Simultaneous generation of heat and electricity

Fuel is combusted/burned for the purpose of generating heat and electricity
Normally sized for thermal load to max. efficiency — 70% to 80%

Minimum efficiency of 60% normally required

Normally non export of electricity

Low emissions — natural gas




Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Waste Heat to Power CHP
(also referred to as Bottoming Cycle CHP or Indirect

VWiste Mol

E] ; |

V| mpstotm Source: itp:
(p:liwww.epa.govichp/documentsiwaste_heat_power.pdf

o

Fuel first applied to produce useful thermal energy for the process

Waste heat is utilized to produce electricity and possibly additional thermal energy for the process
Simultaneous generation of heat and electricity

No additional fossil fuel ion (no

Normally produces larger amounts electric generation (often exports electricity to the grid; base
load electric power)

= Required high temperature (> 800°F) (low hanging fruit in industrial plants)

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Traditional System CHP System

Power Plant Electricity

.4

R e i e

Efficiency

CHP Role in Our Environmental Future
Impact on Carbon Emissions

TOTAL
TRADITIONAL SYSTEM @ EMISSIONS @ CHP SYSTEM
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CHP Technology Components
(Topping Cycle)

Fuel Prime Mover Generator Electricity

On-Site Consumption

Reciprocating Engines

Natural Gas
Propane
Biogas

Combustion Turbines
Microturbines
Steam Turbines
Fuel Cells

Sold to Utilty

Landfill Gas
Coal

Steam
Waste Products
Others

Thermal

Steam
Hot Water
Space Heating
Process Heating
Space Cooling
Process Cooling
Dehumidification

(See Slide 40 for equipment information)

CHP Is Used at the Point of Demand

4,100 CHP Sites

81,800 MW —
installed c.

Saves 1.8 quads of
fuel each year

Avoids 241 M metric
tons of CO, each year

 87% of capacity — industrial

71% of capacity — natural
as fired

Source: ICF International

MN CHP Installation Summary

© State CHP Generating Capacity: 918 MW
©  Number of CHP Systems: 55

o CHP as % of State Gen Capacity: 6.1%

©  CHP Technical Potential:* 2,409 MW

* Technical Potential for commercial and industrial facilties only, non-export only

Installation Status by Prime Mover Type
CHP Gen Capacity (MW) # of CHP Systems

m Boiler/Steam ® Boiler/Steam

Turbine Turbine

= Combined = Combined
Cycle Cycle

= Combustion = Combustion
Turbine

Turbine
® Recip Engine u Recip Engine
» Microturbine = Microturbine

= Waste Heat
Recovery

= Waste Heat
Recovery

B Ciom ey Appicaion Creters

(See Slide 39 for list of MN installations) = Source: ICF CHP Installation Database




MN CHP Installation Summary

Attractive CHP Markets
State CHP Generating Capacity: 918 MW

Number of CHP Systems: 55
CHP as % of State Gen Capacity: 6.1% 4y
CHP Technical Potential:* 2,409 MW

* Technical Potential for commercial and industrial facilties only, non-export only

Installation Status by Fuel Type

Industrial Commercial Institutional Agricultural
CHP Gen Capacity (MW) # of CHP Systems Chemical Data centers Hospitals Concentrated
manufacturing Hotels and casinos Landfills animal feeding
mBIOMASS = BIOMASS Ethanol : Mulli-fa_mily housing Universities & opgr_alions
Food processing Laundries colleges Dairies
= COAL uCOAL Natural gas Apartments Wastewater Wood waste
NG N pipelines Office buildings treatment (biomass)
— G Petrochemicals Refrigerated Residential
mOIL mOIL Pharmaceuticals warehouses confinement
Pulp and paper Restaurants
WAST WAST Refining Supermarkets
=WOOD = WOOD Rubber and plastics Green buildings

Clem Enrvgy Applic sticn Centers Clem Enrvgy Applic sticn Centers
(See Slide 39 for list of MN installations) -3' Source: ICF CHP Installation Database ‘3'

Favorable Characteristics for CHP Value Proposition
CHP Applications 10 MW 10 MW 10 MW Combined

" Cycle
CEEGRIRy CHP PV Wind (10 MW
Portion
Concern about energy costs Future central plant .
rep|acemem and/or Annual Capacity Factor 85% 25% 34% 67%
Concern about power :
reliability upgrades Annual Electricity 74,446 MWh  21,900MWh  29,784MWh 58,692 MWh
. . Future facility expansion or Annual Useful Heat 103,417 MWh, None None None
Concern about sustainability new construction projects Footprint Required 6,000 174000012 76,000 f¢ NIA
and environmental impacts Capital Cost $24milion  $60.5milion  $24.4 milion  $10 million

. EE measures already
Long hours of operation implemented Annual Energy Savings 343,747 MMBtu 225,640 MMBtu 306,871 MMBtu 156,708 MMBtu

Existing thermal loads Annual CO, Savings 44,114 Tons 20,254 Tons 27,546 Tons 27,023 Tons

Annual NOx Savings 86.9 Tons 26.8 Tons 36.4 Tons 59.2 Tons

Access to fuel
Central heating and cooling

lant Facility energy champion
p Based on: 10 MW Gas Turbine CHP - 30% electric efficiency, 70% total efficiency, 15 PPM NOx
Electricity displaces National All Fossil Average Generation (eGRID 2010 ) -
9,720 Btu/kWh, 1,745 Ibs CO,/MWh, 2.3078 Ibs NOX/MWH, 6% T&D losses

Thermal displaces 80% efficient on-site natural gas boiler with 0.1 Ib/MMBtu NOX emissions

B G oy Applcation Comtoms 16
- Source: htp:/iwmvL eere.energ _clean_energy_solution.pdf

Emerging Drivers for CHP States with RPS, CES, and APS
Requirements for CHP

Benefits of CHP recognized by DOE / EPA CHP Report (8/2012)
policymakers
President Obama signed an Executive
Order to accelerate investments in
industrial EE and CHP on 8/30/12 that

sets national goal of 40 GW of new
CHP installation over the next decade

State Portfolio Standards (RPS, EERS, e l
Tax Incentives, Grants, standby rates, |-=p
etc.

Favorable outlook for natural

gas supply and price in North

America

Executive Order: http:/Jwww.whitehouse.govithe-press-

Opportunities created by e oy ey “\
environmental drivers J— o . 'y
- rgy/pdfsichp_clean_energy_solution.pdf

B, Clean boergy Application Centers Source: http://ww.epa.govichp/documents/ps_paper.pdf




States with EERS Programs for
CHP

Source: http://www.epa.govichp/documents/ps_paper.pdf

U.. Shale Gas Reso

7 7 e R 7
i3 Lower 48 states shale plays
o . ;

urces

T oo Agplcain s

Source: htp:/wwww.eia govianalysisistudiesiusshalegad
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EPA’s Boiler MACT Rule (CHP Role)

ICI Boiler MACT - Standards for hazardous air pollutants from major
sources: industrial, commercial and institutional boilers and
process heaters

Final rule December 2012 — Compliance by January 31, 2016

Compliance with MACT limits will be expensive for many coal and
oil users (standard compliance measures)

May consider converting to natural gas
Conversion for some oil units, replacements for coal units?

May consider moving to natural gas fueled CHP
(trade off of benefits versus additional costs)
Represents a productive investment
Potential for lower steam costs due to generating own power
Higher overall efficiency and reduced emissions
Higher capital costs, but partially offset by required compliance costs or
new gas boiler costs .- -

Affected Boilers in the Midwest

Fuel Type Number of Units | Capacity (MMBtu/hr)
Coal 360 84,197
Heavy Liquid 64 9,936
Light Liquid 58 5,375
Total 482 99,508

Includes industrial, commercial and institutional boilers only
© 2011 ICF International. Expanded Database. All rights reserved.
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Affected Coal and Oil Boilers in the
Midwest by Market Sector

e Capacity
N A A e
92

Food 46 21,460
Paper 28 55 13,433
Petroleum and Coal 5 13 3,219
Chemicals 29 65 10,452
Plastics and Rubber 6 17 1,488
Primary Metals 9 22 9,011
Fabricated Metals 2 5 664

Machinery 5 14 5,276
Transportation Equip. 18 80 12,036
Educational Services 18 44 8,753
Other Applications 29 75 13,717
Total 195 482 99,508

© 2011 ICF International. Expanded Database. Al rights reserved.
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Affected Coal and Oil Boilers in the
Midwest

Total
-
(MMBtu/hr)|

lowa 18 15,217
Illinois 23 10,241
Indiana 22 14,986

Kansas 2 685
Michigan 29 18,630
Minnesota 15 4,955
Missouri 8 3,442
North Dakota 3,838
Nebraska 6 2,554
Ohio 37 14,179
South Dakota 1 1,651
Wisconsin 28 9,131
Total 195 99,508

© 2011 ICF International. Expanded Database. Al rights reserved.
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DOE Boiler MACT Technical Assistance
Program (Midwest)

Providing site specific technical and cost information to the 195+
major source facilities (~ 480 boilers) in 12 states currently
burning coal or oil (Decision Tree Analysis)

Meeting with willing individual facility management to discuss
“Clean Energy Compliance Strategies” including potential funding
and financial opportunities.

Assisting interested facilities in the implementation of natural gas
CHP as a compliance strategy
Program Offered Through The
U.S. DOE Midwest Clean Energy Application Center

University of Illinois at Chicago
www.midwestcleanenergy.org

R i

Impact of Pending EPA Utility Regulations

Utility Regulations
Mercury and Air Toxics Standards (MATS)

Cross-State Air Pollution Rule (CSAPR), formerly
“Transport Rule” — (Vacated by the Court)

Will require compliance investments and/or may
contribute to closings of some coal capacity

Estimates of shutdown coal capacity range
from 20 to 50 GW

Price impacts will be regional

Closings could result in localized reliability concerns
providing opportunities for CHP

26 B T e o

CHP Case Studies

CHP is not always sold on economics alone
Other drivers exist for CHP projects

Case study series explores other drivers
Case Studies (Project Profiles) located at

http://www1.eere.energy.gov/manufacturing/distributede
nergy/projects _sector.html#healthcare

f Tl R

Case Studies:

Addressing Coal Emissions

Kent State University
Kent, OH

Capacity: 12 MW

Fuel: Natural Gas

Prime Mover: Comb. Turbines
(1x 5MW and 1 x 7MW)
Installed: 2003, 2005

o Gl

Case Studies:
Reliability / Multi-Fuel

Bay View Wastewater
Treatment Plant
Toledo, OH

Capacity: 10 MW

Fuel: Biogas / LFG / NG
Prime Mover: Comb. Turbine
Installed: 2010

Steam Turbine Generator
(installed in parallel with PRY)

Case Studies: - -
Replacing Pressure =
Reducing Valve

i

East Kansas Agri-Energy
Garnet, KS

Capacity: 1.6 MW

Fuel: Natural Gas

Prime Mover: Backpressure Turbine
Installed: 2005

= Source:




Case Studies:

Multiple Heat Recovery Applications

Broshco Fabricated
Products
Mansfield, OH

Waukesha 7100 GS1 Engine Units

Capacity: 4.6 MW

Fuel: Natural Gas

Prime Mover: Reciprocating Engines
Installed: 2000, 2005

Heat Recovery: Process tanks, Boiler
Heat, Make Up Heat for Plant Operations

Control Raom Switchgear

Source:

. pol

Case Studies:
Partnership w/ Municipality

U.S. Energy Partners,
LLC & City of Russell
Russell, KS

Capacity: 15 MW

Fuel: Natural Gas

Prime Mover: Comb Turbine
Installed: 2002

Source: 3 artners pdf

Case Studies:
Partnership with Utility

Detroit Thermal Energy
(Cristal Global)* -
Ashtabula, OH

Capacity: 28 MW

Fuel: Natural Gas

Prime Mover: Comb. Turbines and
Steam Turbines owned by DTE
Thermal: Steam delivered to Cristal
Global

Installed: 2001

* Former Duke Energy CHP Plant that delivered steam to Millennium Inorganic Chemicals

i T~ e SRR

Case Studies:

Industrial Dehumidification

Utilimaster Corporation
Wakarusa, IN

Capacity: 70 kW
Fuel: Natural Gas

Prime Mover: Microturbine
Installed: 2004

= Source: http:/fwww. Jilimaster.pdf

Case Studies:

Multiple Waste Heat Recovery Streams

Vestil Manufacturing
Angola, IN

Capacity: 140 kW sy i
Fuel: Natural Gas <:@| £
Prime Mover: g
Microturbine CURE 5
Installed: 2005 ame

_
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—
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Questions

Cliff Haefke
(312) 355-3476
chaefkl@uic.edu

www.midwestcleanenergy.org
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CHP Assistance from CEACs

‘ Procurement

Installation
Investment Operation
. Grade
Analysis

Feasibility
Study
([ )

CHP Screening
/ Qualification

CEAC Capabilities
Project screening / qualification
through feasibility analysis
CHP expertise through all steps
Bringing customers and CHP
engineering community together

® site
Request

& Cleun Tareyy Application Comters

Minnesota CHP Installations

U.S. Navy | FMC (Minneapolis)
University Of Minnesota Plant Upgrade (Minneapolis)
American Crystal Sugar Company (Moorhead)
Riverview Farms (site #1) (Morris)

Riverview Fams (site #2) (Morris)

New Uim (New Uim)

Minnegasco/Arkia, Inc. (Ottawa)

Tuffy's Pet Foods (Perham)

Haubenschid Dairy (Princeton)

Frankiin Heating Station (Rochester)

Olmsted Waste-To-Energy Facilty (Rochester)
Southem Minnesota Beet Sugar (Rochester)
Saint Marys Hospital Power Plant (Rochester)
Mayo Ciinic (Rochester)

Wastewater Treatment Plant (Rochester)

sSartell Pulp & Paper Mill (Sartell)

Koda Energy (Shakopee)

Liberty Paper (Sherburne)

Northshore Mining Corporation (Silver Bay)
Spring Valley (Spring Valley)

District Energy St. Paul (St. Paul)

Metro Plant (St. Paul)

Rock Tenn St. Paul Facilty (St. Paul)

St. Paul Cogneration Plant (St. Paul)

Norther Plains Dairy (St. Peter)

City of Virgina (Virginia)

Willmar (Willmar)

‘Winona Wastewater Treatment Facilty (Winona)

Albert Lea Wastewater Treatment Plant (Albert Lea)
Pope-Douglas Resource Recovery Facilty (Alexandria)
Plant Site On Highway 2, Potlatch Corp (Bemidi)
National Sports Center Schwan's Super Rink (Blaine)
Potlatch Corporation (Brainerd)
Jer-Lindy Farms (Brooten)
CenterPoint Station (Burnsville)
Fairview Ridges Hospital (Bursville)
Macdonald il Processing Plant (Clontarf)
‘Sappi Fine Papers, Potlatch Corporation (Cloquet)
Fond du Lac Tribal and Community College (Cloquet)
YMCA Coon Rapids (Coon Rapids)
3M Plant (Cottage Grove)
ACS Crookston (Crookston)
Lake Superior Paper Co, Duluth Paper Mil (Duluth)
American Crystal Sugar Company (East Grand Forks)
Northern Border Pipeline Compressor Station (CS-12) (Garvin)
Northern Border Pipeline Compressor Station (CS-13) (Garvin)
Rapids Energy Center / Blandin Paper Mill (Grand Rapids)
District 45 Dairy (Hancock)
Hibbing (Hibbing)
Boise Cascade Corporation (Intemational Falls)
Poet Biorefining - Ethanol (Lake Crystal)
Little Falls Plant (Litte Falls)
Archer Daniels Midland Co., Mankato (Mankato)
Ramsey County Correctional Facilty (Maplewood)
FMC (Minneapolis)
B Cloan towey 4,
ouce: oiml

Boiler MACT Affected Facilities
[ oy

3M Center Maplewood
3M Hutchinson Hutchinson
ADM Corn Division - Marshall Facility Marshall
American Crystal Sugar - Moorhead Moorhead
American Crystal Sugar Company - Crookston Crookston
Archer Daniels Midland Co Red Wing
Archer Daniels Midland Co.- Mankato 225/284 Mankato
Georgia-Pacific Duluth Hardboard Duluth
Minnesota Soybean Processors - Brewster Brewster
Northshore Mining Company Silver Bay
S. B. Foot Tanning Company Red Wing
Southern Minnesota Beet Sugar Cooperative Renville
United Taconite, LLC - Cleveland Cliffs Forbes

Verso Paper Corp. - Sartell Mill Sartell
Wausau Paper Printing & Writing, LLC Brainerd

Clran Enesgy Applcation Centers
Ly Al Source: EPA ICR Database

DOE Clean Energy Application Centers: Local

DOE Clean Energy

Application Centers:

Program Contacts

ns, Contacts, and Web Sites

" Table lll: Summary Table of Typical Cost and F Cl by CHP
Tachnology | Steam Tusbine' | Recip. Engine | Gas Turbine | Miceoturbine | Fual Cell
Power efficiency (HHV) 15-388 4% 22.36% 18:2T% H-E3%
(Crveral eficency (HHV) 0% T0-80% T0-75% £5-75% S5.80%
Effectve slectncal efficiency T5% TO-80% 50-T0% 50-T0% 55-50%
Typal capaciy (MW} 05250 9.015 05250 0.03-0.25 o052
Typical pewet ta heat ratio 0103 051 | os2 0407 | 12
Part-oad ok o poor ok good
CHP nstalled costs (SKW.) 430-1.100 tiweza0 | TOLN0 | 2ae3so | 50006500
D&M costs (SA.) ™ <0008 0.008-0.022 00040011 | 0.0320.038
Avilabiity near 100% S2.9T% 90-98% >54%
Hours to averhauls. *50,000 25,000-50,000 25,000-50,000 32,000-54,000
Startup time The- 1 day 10 sec 10 min - 1 hr 3 hrs - 2 days
Ful pressurn (psig) wa 145 .cwzwuw i
I I natural gas, ratural gas, | natwalgas, | hydrogen, natural |
Fuets ol DOPAS. PIOPANG. | DHOOAS, PIODANG | DIOgAs, propaneg. 08s, propane,
I | | tendfiges | oil | of mesanc
Moise high high | modeste | moderals | L |
ot water, LP heat. hot water, | heat hot water, | hot water, LP-HP
s o tharmal cusg | LP-HP steam steam | LPbPsteam | LPsteam | steam
Ponwer Density (kWim® +100 3550 20500 570 520
| Gag0i-z | D013 nchbum 3. |
"&'-;’;,!“E“;LR. Wood 0.2.5 way cat 0.035-0.05 01003 | 00025 0040
ot ncucing 5L Coal 0312 | 017 lean bum
Gas0408 | 006 nchbum 3
b S Wood D.5-1.4 way cat 0.17-0.25 0.08-0.20 Q0110016
[nct inchuding SCR) Coal 1280 | 0.8 lean bumn
* Duta aee . All couts
O siesms nubine. ot Source: http:/fwww.epa.gov/chp/documents/catalog_chptech_intro.pd|

Acronyms

CES - Clean Energy Standard

B G gy Appication Conters

APS — Alternative Portfolio Standard

EERS - Energy Efficiency Resource Standard
MACT — Maximum Achievable Control Technology

RPS — Renewable Portfolio Standard




Taking Advantage of Combined Heat
and Power (CHP)

2013 RE AMP Annual Meeting
Getting Clean Energy Built Workshop

Presented by:
John Cuttica
Energy Resources Center
University of lllinois at Chicago

FEE LS, DEpartaaNT oF ENRGY

s\ Midwest Clean Energy Application Center
o

-- -

What technology can... 5

Increase overall energy efficiency and reduce utility bill
expenditures?

Reduce carbon emissions?

Increase energy reliability, decrease reliance on the grid, and
support grid T&D?

Show more energy savings and reduce more emissions than
comparably sized PV and wind technologies?

Support nation’s energy goals and is commercially available today?

The Answer? CHP

f oot RS

Presentation Outline

Overview of Combined Heat and Power (CHP)
CHP Market and Market Drivers
Favorable CHP Policies

Market Potential

f B SO

US DOE Regional Clean Energy
Application Centers (CEACS)

U.S. DOE Midwest Clean Application Centers originally
established in 2001 by U.S. DOE and ORNL to support DOE
CHP Challenge

Today the 8 Centers promote the use of Conventional CHP,
Waste Heat to Power CHP and District Energy Technologies

Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market analysis & evaluation
— Education & outreach
— Technical assistance

o Midwest Website: www.midwestcleanenergy.org

f B SO

Fuel Utilization by U.S. Utility Sector

Coal 5118

More than two-thirds of the
fuel used to generate power in
Matural Gas 16 5%

Source: http://wwwl. eere.energ: _report_12-08.pdf
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Conventional Energy System

o7 uni Customer purchases power
units thermal 5 X

rejected / lost from grid (central station)

33 units electric Power plant economy of scale

100 units input = 33 units of power
Remainder of energy lost (heat)

20 units thermal On-site generation of steam/hot

glestar / lost water (boilers/furnaces)

80 unitg thermal 100 units input = 60 to 80 units of heat

Typical grid power + onsite heat

Efficiency depends on heat/power
ratio
45% to 55% combined efficiency is
common

e atin o

100 units
fuel input

100 units
fueli

fuel input Furnace /
Boiler




Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Separate Energy Delivery: CHP Energy Efficiency (combined heat and power)
+ Electric generation — 33% 70% to 85%
+ Thermal generation - 80%
+ Combined efficiency — 45% to 55%

T akastin e

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

= Simultaneous eration of heat
and electricity
= Fuel is combusted/burned for

the purpose of generating heat
and electricity

= Normally sized for thermal load

1o max efficiency - 70%t0 |
>85%

= Minimum efficiency of 60%
normally required

* Normally non ort of electricity
1= L m‘tssion hatural gas

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
heat and electricity) from a single fuel/energ

Waste Heat to Power CHP

(also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

\
Steam  LiElectricity
Turbine -

Heat recovery
steam boiler

Waste heat from the
industrial process

Energy
Intensive
Industrial
Process

Heat produced for the
industrial process

B ST tcsion Cmier

Industrial Waste Heat Recovery
Opportunities

[ Metal and non-metal heating ]
’ I cserere 00 | Calcining |
[Zna]
...... > 800°F + = High Temp

B ST tcsion Cmier

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Traditional System CHP System

Power Plant Electricity

Boiler

L, Midvora Cioun TnerEs Applcation Conter

CHP Role in Our Environmental Future
Impact on Carbon Emissions

TOTAL
TRADITIONAL SYSTEM @ EMISSIONS @ CHP SYSTEM

KTonsyear Klons'year

ELECTRICITY

|
or 4
o e

mprised of an
age fossil based electricity

e Source:

LBenort Dec2008 pif




What Are the Benefits of CHP?

CHP is more efficient than separate generation of electricity
and heat

Higher efficiency translates to lower operating cost, (but
requires capital investment)

Higher efficiency reduces emissions of all pollutants

CHP can also increase energy reliability and enhance power
quality

On-site electric generation reduces grid congestion and
avoids distribution costs

f oot RS

CHP Is Used at the Point of Demand

fhr-tE oLt A
{ 4,100 CHP Sites

(2012) E

81,800 MW —
installed capacny

oﬁ

Saves 1.8 quads of—J 55'
9o, )

fuel each year

ﬂ
Avolds 241 M metric ig "‘}‘i""
tons of CO, each year ?

s

87% of capacity — industrial

71% of capacity — natural
gas fired

Source: ICF International AT U3, Ovimtst o
8. Clean toergy Application Cemters

Attractive CHP Markets

@206

Industrial Commercial Institutional Agricultural
Chemical Data centers Hospitals Concentrated
manufacturing Hotels and casinos Landfills animal feeding
Ethanol Multi-family housing Universities & operations
Food processing Laundries colleges Dairies
Natural gas Apartments Wastewater Wood waste
pipelines Office buildings treatment (biomass)
Petrc i Refri Residential
Pharmaceuticals warehouses confinement
Pulp and paper Restaurants
Refining Supermarkets
Rubber and plastics Green buildings

f B SO

CHP Annual Additions

Annual Capacity Additions by Size

7,000
6,000 Sites >100 MW
5,000 W Sites <100 MW
4,000

3,000

Capacity (MW)

2,000

I |||| ||||II Il
PRI [ 111 MY 1 1111 il I | ||||II||I||
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CHP Annual Additions

Annual Capacity Additions by Size

7,000
6,000 Sites >100 MW

— 5000 | M Sites <100 MW

B

2 4000

z

g 3,000

5

o

2,000

| """" i
0 lmallx I l.l“l“ II I I Illl "l
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e
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Source: ICF CHP Instalation Database . Him e Al o

Market Drivers

Benefits recognized by
policymakers at the federal
and state levels

7,000
Favorable outlook for natural 6,000
gas supply in North America 5,000
enhances economics 5 w00
Opportunities created by 2 3000
environmental pressures on Z 2,000
S

‘the pov.ver‘sec_torAand % 1,000 I
industrial/institutional users & o sl |

ing i i LTS $ & S P
Growing interest in power FSELEFESLEEST S
reliability and critical &
infrastructure support D

Over 4,500 MW announced/under construction
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CHP Value Proposition

10 MW 10 MW 10 MW
CHP WHP PV

Combined

Cycle
(10 MW )

Annual Capacity

85% 85% 25% 34% 67%
Factor

Annual Electricity 74,446 74,446 21,900 29,784 58,692

MWh MWh MWh MWh MWh
Annual Useful 103,417
Heat MWh, None None None None
Capital Cost $24 million  $30 million $45 million $24 million  $10 million
Annual Energy 343,747 767,176 225,640 306,871 156,708
Savings MMBtu MMBtu MMBtu MMBtu MMBtu
GUIT(EE 44,114 Tons 68,864 Tons 20,254 Tons 27,546 Tons 27,023 Tons
Savings
Ann_ual ez 86.9Tons 91.1Tons 26.8Tons 36.4Tons 59.2 Tons
Savings

Based on: 10 MW Gas Turbine CHP - 30% electric efficiency, 70% total efficiency, 15 PPM NOx
Electricity displaces National All Fossil Average Generation (eGRID 2010 ) -
9,720 Btu/kWh, 1,745 Ibs CO,/MWh, 2.3078 Ibs NOXMWH, 6% T&D losses
Thermal displaces 80% efficient on-site natural gas boiler with 0.1 Ib/MMBtu NOx emissions

Recent CHP Policies

DOE / EPA CHP Report (8/2012)

President Obama signed an executive
order to accelerate industrial energy
efficiency and CHP in August, 2012 that
sets a national goal of 40 GW of new CHP
installations by 2020.

24 states recognize CHP in some manner
in state Renewable and/or Energy
Efficiency Resource Standards

Re-evaluating standby rates, interconnect
standards, tax incentives, feed-in-tariffs,
permit by rule, grants & financing
programs

DOE - SEEAction “Guide to the al
Implementation of State CHP Policies” —
www.seeaction.energy.gov

energy-efficiency
Report

hp_clean_energy._solution.pdf

Gas Availability and Price likely to be
Key Driver

Broad consensus that Gas Prices at Henry Hub (2010$/MMBtu)

Henry Hub natural gas 10

prices will average .

between $4 and $6 per 8,

MMBtu well beyond F-

2025. H -
B - =

Natural gas outlook will {5 /_/'\.,/ S ™

drive manufacturing P e g

investment and 4 3 F

technology choice. E 2

$4 to $6 gas prices are .

sufficient to support the ]

levels of supply 005 000 2015 2010 2005 2030 2035

development in the —Historical —Projected

projection, but not so
high as to discourage
market growth.
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Environmental Drivers for CHP

ICI Boiler MACT - standards for hazardous air pollutants from major sources — coal
& oil boilers affected by rule should consider CHP in their compliance strategy

Affected Midwest Sites

Total
# Facilities " " Capacity

lowa

lllinois

Indiana

Kansas 2 1 4 0 685
Michigan 29 72 7 0 18,630
Minnesota 15 16 12 7 4,955
Missouri 8 22 0 8 3,442
North Dakota 6 6 B 1 3,838
Nebraska 6 6 4 0 2,554
Ohio 37 77 3 10 14,179
South Dakota 1 3 0 0 1,651
Wisconsin 28 43 12 6 9,131
Total 195 360 64 58 99,508

©2011 ICF International. Expanded Database. Al rights reserved.
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DOE Boiler MACT Technical Assistance
Program (Midwest)

Providing site specific technical and cost information to the 195+
major source facilities (~ 480 boilers) in 12 states currently
burning coal or oil (Decision Tree Analysis)

Meeting with willing individual facility management to discuss
“Clean Energy Compliance Strategies” including potential funding
and financial opportunities.

Assisting interested facilities in the implementation of natural gas
CHP as a compliance strategy

Program Offered Through The

U.S. DOE Midwest Clean Energy Application Center
University of lllinois at Chicago
www.midwestcleanenergy.org

i Lo Y

Impact of Pending EPA Utility Regulations

Utility Regulations
Mercury and Air Toxics Standards (MATS)

Cross-State Air Pollution Rule (CSAPR), formerly
“Transport Rule” — (Vacated by the Court)

Will require compliance investments and/or drive
closings of some coal capacity

Estimates of shutdown coal capacity range
from 20 to 50 GW

Price impacts will be regional

Closings could result in localized reliability concerns
providing opportunities for CHP

B G gy Appication Conters




Critical Infrastructure

“Critical infrastructure” refers to those
assets, systems, and networks that,
if incapacitated, would have a
substantial negative impact on
national security, national economic
security, or national public health and
safety.”

Patriot Act of 2001 Section 1016 (e)

Applications:

o Hospitals and healthcare
centers

o Water / wastewater
treatment plants

o Police, fire, and public
safety

o Centers of refuge (often
schools or universities)

o Military/National Security
o Food distribution facilities
o Telcom and data centers

CHP - Part of Critical Infrastructure

Most critical infrastructure facilities are dependent
on availability & resiliency of the electric grid

Grid is subject to terrorist attack & natural disasters
If electricity grid is impaired, a properly configured
CHP system can continue to operate, ensuring an
uninterruptable supply of electricity and thermal
energy

Numerous examples — Northeast Blackout 2003, Hurricane
Katrina 2005, Super-storm Sandy 2012, Various winter and
summer blackouts/brownouts

B s i

CHP Kept Critical Facilities

Running During Sandy

South Oaks Hospital - Amityville, NY, 1.25 MW recip. engine
Greenwich Hospital - Greenwich, CT, 2.5 MW recip. engine
Christian Health Care Center - Wyckoff, NJ, 260 kW microturbine
Princeton University - Princeton, NJ, 15 MW gas turbine

The College of New Jersey - Ewing, NJ, 5.2 MW gas turbine
Salem Comm. College - Carney’s Point, NJ, 300 kW microturbine
Public Interest Data Center - New York, NY, 65 kW microturbine
Co-op City - The Bronx, NY, 40 MW combined cycle

Nassau Energy Corp — Garden City, NY, 57 MW combined cycle
Bergen Wastewater Plant — Little Ferry, NJ, 2.8 MW recip. engine
New York University — New York, NY, 14.4 MW gas turbine
Sikorsky Aircraft Corporation — Stratford, CT, 10.7 MW gas turbine

B Clom oy Appicatiom Comters

Technical Potential of 140,000 MW

Existing CHP vs Technical Potential

[ Potential CHP

M Existing CHP

Ccapacity (GW)

Source: ICF International

B Clom oy Appicatiom Comters

CHP Technical Potential

Source: ICF Internal Estimate

|:| <1,000 MW

|:| 1,000 - 1,999 MW
. 2,000 - 4,999 MW

| 500w
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Midwest CHP Generating Capacity

Installed Capacity

~ 8,000
G 7,000
> 6,000

5,000
S 4,000

3,000 I
) &

mnstalled = Tech Potential

CHP Generating Capacit
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o o
o o

o O o
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Midwest CHP Generating Capacity

Installed vs Total Technical Potential*
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Hinstalled = Tech Potential
* Technical Potential also includes existing CHP
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Midwest CHP Generating Capacity

Installed vs Total Technical Potential (including U.S.)
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Hinstalled = Tech Potential
*Technical Potential also includes existing CHP'

L. Clram fmregy Application Comters

Midwest States CHP Generating
Capacity

Installed vs Total Technical Potential

CHP Generating Capacity

Installed vs Total Technical Potential

250,000

200,000

150,000

100,000

50,000

CHP Generating Capacity (GW)

I
Midwest U.S. (outside of Midwest)
u |nstalled Tech Potential

* Technical Potential also includes existing CHP
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Combined Heat and Power (CHP), An
Opportunity for Midwest State Policy

Presentation to:
2013 NASEO Midwest Regional Meeting
Tuesday, May 7t, 2013
John Cuttica
University of lllinois at Chicago
Energy Resources Center

Presentation Outline

0 Combined Heat & Power (CHP) — What is it &
Why should | be interested

0 CHP Opportunities in Midwest
— Portfolio Standards (EEPS / RPS)
— EPA Boiler MACT Rule
— Critical Infrastructure Support
— Utility Participation in CHP Markets

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

@l-l—{-

Separate Energy Delivery: CHP S iy Gl e ) )
+ Electric generation — 33%
« Thermal generation - 80%
+ Combined efficiency — 45% to 55%

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

nventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

Simultaneous generation of heat
and electricity

Fuel is combusted/burned for
the purpose of generating heat
and electricity

Normally sized for therrsél load
to max. efficiency — 70%8}
>85%

Minimum efficiency of 60%
normally required

Normally non export of electricity

Low emissions — natural gas

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
heat and electricity) from a single fuel/energy source

Waste Heat to Power CHP
(also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

\
Steam | Electricity
Turbine -

Waste heat from the
industrial process

Energy
Intensive
Industrial

Pr(
0cess Heat produced for the

industrial process

CHP Is Used at the Pomt of Demand

4,100 CHP Sltes
(2012)

81,800 MW
installed capacity

Avoids 241 M metric
tons of CO, each year

- 87% of capacity — industrial

CHP represents oﬁly 8% of
5 e R My US generating capacity.
. Underutilized Resourcel!!

71% of capacity — natural

Source: ICF International




CHP Value Proposition

Combined
Category 10 MW 10 MW 10 MW Cycle
CHP PV Wind (10 MW

Portion)

Annual Capacity Factor 85% 25% 34% 67%
Annual Electricity 74,446 MWh 21,900 MWh 29,784 MWh 58,692 MWh
Annual Useful Heat 103,417 MWh, None None None
Footprint Required 6,000 ft? 1,740,000 ft? 76,000 ft? N/A
Capital Cost $24 million $60.5 million $24.4 million $10 million

Annual Energy Savings 343,747 MMBtu 225,640 MMBtu 306,871 MMBtu 156,708 MMBtu

Annual CO, Savings 44,114 Tons 20,254 Tons 27,546 Tons 27,023 Tons
Annual NOx Savings 86.9 Tons 26.8 Tons 36.4 Tons 59.2 Tons

Based on: 10 MW Gas Turbine CHP - 30% electric efficiency, 70% total efficiency, 15 PPM NOx
Electricity displaces National All Fossil Average Generation (eGRID 2010 ) -
9,720 BWKWh, 1,745 Ibs CO,/MWh, 2.3078 Ibs NOX/MWH, 6% T&D losses
Thermal displaces 80% efficient on-site natural gas boiler with 0.1 I/MMBtu NOx emissions

Growing State Policy Support for CHP

24 states recognize CHP/WHP in some manner in state
Renewable or Energy Efficiency Portfolio Standards

Massachusetts — CHP a critical part of Advanced Energy
Portfolio Standard and Utility Energy Efficiency
Programs

Ohio — include CHP/WHP in Portfolio Standards; Boiler
MACT pilot program

Maryland — CHP pilot program as part of EMPOWER
Maryland energy efficiency program

California — Feed in tariff for excess generation systems
under 20 MW - long term power purchase agreements

Louisiana, Texas, New York, New Jersey — CHP as part of
critical infrastructure activities

Texas — Permit by Rule for CHP systems < 15MW

CHP and State Policies

Portfolio Standards (EEPS / RPS)
Boiler MACT Compliance Strategies
Critical Infrastructure Support

Utility Participation in CHP Markets

State EEPS Programs

State EEPS Program (administered by the investor
owned utilities) usually the single largest opportunity
within a state for increased large customer EE

EEPS annual efficiency targets becoming much more
difficult to meet within budget caps

Greater industrial, large commercial, institutional sector
participation is one of the keys to the future success of
state EEPS programs

How can we increase large customer participation in
EEPS?

Can CHP be a Contributor

Some Thoughts for Including CHP in EEPS:

Projects must pass cost effectiveness test (TRC).

Should incentives be on electric side, gas side, or
shared?

How do you calculate allowable energy savings?
Should incentives be tied to measured performance?
Can CHP significantly assist in meeting targets?
How do you control size of CHP incentives?

What have other states done? (16 states include)

EPA’s Boiler MACT Rule (CHP Role)

ICI Boiler MACT - Standards for hazardous air pollutants from major
sources: industrial, commercial and institutional boilers and
process heaters

Final rule December 2012 — Compliance by January 31, 2016

Compliance with MACT limits will be expensive for many coal and
oil users (standard compliance measures)

May consider converting to natural gas
Conversion for some oil units, replacements for coal units?

May consider moving to natural gas fueled CHP
(trade off of benefits versus additional costs)
Represents a productive investment
Potential for lower steam costs due to generating own power
Higher overall efficiency and reduced emissions
Higher capital costs, but partially offset by required compliance costs or
new gas boiler costs




Affected Boilers in the Midwest

Fuel Type Number of Units | Capacity (MMBtu/hr)
Coal 360 84,197
Heavy Liquid 64 9,936
Light Liquid 58 5,375
Total 482 99,508

Includes industrial, commercial and institutional boilers only

© 2011 ICF International. Expanded Database. Al rights reserved.

Affected Coal and Oil Boilers in the
Midwest by Market Sector

o Capacity
EEE E
46 92
28 55

Food 21,460
Paper 13,433
Petroleum and Coal 3 13 3,219
Chemicals 29 65 10,452
Plastics and Rubber 6 17 1,488
Primary Metals 9 22 9,011
Fabricated Metals 2 5 664

Machinery 5 14 5,276
Transportation Equip. 18 80 12,036
Educational Services 18 44 8,753
Other Applications 29 75 13,717
Total 195 482 99,508

© 2011 ICF International. Expanded Database. All rights reserved. 14

Affected Coal and Oil Boilers in the

Midwest
B q Total
((MMBtu/hr)

lowa 18 39 Bl 5 15,217
lllinois 23 36 2 7 10,241
Indiana 22 37 14 14 14,986
Kansas 2 1 4 0 685
Michigan 29 72 7 0 18,630
Minnesota 15 16 12 7 4,955
Missouri 8 22 0 8 3,442
North Dakota 6 6 3 i 3,838
Nebraska 6 6 4 0 2,554
Ohio 37 77 3 10 14,179
South Dakota 1 5 0 0 1,651
Wisconsin 28 43 12 9,131
Total 195 360 64 58 99,508

©2011 ICF International. Expanded Database. All rights reserved. 15

DOE Boiler MACT Technical Assistance
Program (Midwest)

Providing site specific technical and cost information to the 195+
major source facilities (~ 480 boilers) in 12 states currently
burning coal or oil (Decision Tree Analysis)

Meeting with willing individual facility management to discuss
“Clean Energy Compliance Strategies” including potential funding
and financial opportunities.

Assisting interested facilities in the implementation of CHP as a
compliance strategy

Program Offered Through The
U.S. DOE Midwest Clean Energy Application Center
University of lllinois at Chicago
Illinois Program Just Getting Underway

CHP - Part of Critical Infrastructure

Most critical infrastructure facilities are dependent
on availability & resiliency of the electric grid

Grid is subject to terrorist attack & natural disasters

If electricity grid is impaired, a properly configured
CHP system can continue to operate, ensuring an
uninterruptable supply of electricity and thermal
energy (hospitals, universities, waste water
treatment facilities, financial institutions, placed of
refuge, etc)

Numerous examples — Northeast Blackout 2003, Hurricane

Katrina 2005, Super-storm Sandy 2012, Various winter and
summer blackouts/brownouts

Infrastructure Design

Include CHP in critical infrastructure facilities as
a priority in state and local emergency planning
activities

Some states require consideration of CHP in
design and major retrofit of “critical” state
facilities (Texas and Louisiana)

Encouraging the incorporation of “black start”
capability in appropriate CHP installations

Recognition of the differences between
emergency generators and CHP systems




Utility Participation in CHP Markets

Can a utility build and own CHP facilities?

Can a utility negotiate a package of services to
support a CHP customer?

Can a utility include CHP as part of their energy
efficiency incentive programs (EEPS)?

Perhaps CHP Zones where grid congestion
exists or impractical to upgrade or install new
lines?

Summary

CHP is not the “silver bullet” to answer all
energy issues

CHP can be a highly effective tool in state
energy related programs

CHP not a technology issue

CHP normally an economic and/or policy
issue

The concepts presented this morning are
intended to encourage discussion

Thank You for Your Attention

Contact Information:
Clifford Haefke John Cuttica
312/355-3476 312/996-4382
chaefkl@uic.edu cuttica@uic.edu

For more information:
www.midwestcleanenergy.org

http://www1.eere.energy.gov/seeaction/chp_policies _guide.html

http://www.epa.gov/chp/documents/ps _paper.pdf

http://www.naseo.org/data/sites/1/documents/publications/
CHP-for-State-Enerqy-Officials.pdf




DOE CEACs, CHP Market Drivers, & What technology can... Y

CHP App“ca‘tlons Increase overall energy efficiency and reduce utility bill

expenditures?

Combined Heat and Power Workshop
Sponsored by National Governors Association

Hosted by lowa Economic Development Authority Increase energy reliability, decrease reliance on the grid, and
support grid T&D?

Reduce carbon emissions?

Jung 28, 2013 Show more energy savings and reduce more emissions than
Cliff Haefke comparably sized PV and wind technologies?

Support nation’s energy goals and is commercially available today?

FEE LS, DEpartaaNT oF ENRGY

i\ Midwest Clean Energy Application Center
o

- The Answer? CHP *\48
el ) St SN

US DOE Regional Clean Energy

Presentation Outline Application Centers (CEACs)
U.S. DOE Midwest Clean Application Center originally
DOE's Clean Energy Application Centers established in 2001 by U.S. DOE and ORNL to support DOE
(CEACS) CHP Challenge
The CEACs promote the use of CHP, Waste Heat to Power,
CHP Market Drivers and District Energy Technologies

Strategy: provide a technology outreach program to end users,
Example CHP Applications policy, utility, and industry stakeholders focused on:
— Market analysis & evaluation

— Education & outreach

— Technical assistance

o Midwest Website: www.midwestcleanenergy.org

B oo ey At e (See Slides 37 & 38 for more information) B oo ey At e

DOE Clean Energy Application Cente ocations, Contacts, and Web Sites

CHP Technical Assistance
from CEACs

. Procurement
Installation
Investment :
Grade_ Operation
( ) Feasibility Analysis
Study

. CHP Screening
/ Qualification L
ANTERNAT
CEAC Capabilities TR DI
® i Project screening / qualification
Request through feasibility analysis

CHP expertise through all steps

Bringing customers and CHP
engineering community together

Application Centers:
Program Contacts

B G gy Appication Conters




CHP Market Drivers and Outlook

* Benefits recognized by policymakers at the federal and
state levels

* Favorable outlook for natural gas supply in North America
enhances economics

* Opportunities created by environmental pressures on the
power sector and industrial/institutional users

* Growing interest in power reliability and critical
infrastructure support

Over 4,000 MW announced/under construction

Source: ICF International

White House Executive Order

President Obama signed an
Executive Order to accelerate
investments in industrial EE
and CHP (8/30/12) ks sl B

A Clean Energy Solution

New DOE / EPA CHP Report (8/2012)

Sets national goal of 40 GW of
new CHP installation over the
next decade

Directs agencies to foster a .
national dialogue E

Directs US DOE, US DOC,
USDA, and US EPA to

coordinate actions at the ENERGY SEPAS—
Federal level
Executive Order: hti; hitehou
Report: htt; 1 clean_energy_solution.pdf

Fuel Utilization by U.S. Utility Sector

Coal 511%

Conversion Loses

Matura Gas 16.5%

Ptrslosy 1 7%
Otter anan 1 4%
Mackunr Electric Pames 14 5%

Fanwwable Eosrgy 10.1%

Source: http:/iwwwL.eere.ener _report_12-08.pdf

R e i

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Traditional System CHP System

Power Plant Electricity

Boiler

TSI ot o

CHP Value Proposition

Combined

cacsor || o | o
Portion)

Annual Capacity Factor 85% 25% 34% 67%
Annual Electricity 74,446 MWh 21,900 MWh 29,784 MWh 58,692 MWh
Annual Useful Heat 103,417 MWh, None None None
Footprint Required 6,000 ft2 1,740,000 ft2 76,000 ft2 N/A
Capital Cost $24 million $60.5 million $24.4 million $10 million
Annual Energy Savings 343,747 MMBtu 225,640 MMBtu 306,871 MMBtu 156,708 MMBtu
Annual CO, Savings 44,114 Tons 20,254 Tons 27,546 Tons 27,023 Tons
Annual NOx Savings 86.9 Tons 26.8 Tons 36.4 Tons 59.2 Tons

Based on: 10 MW Gas Turbine CHP - 30% electric efficiency, 70% total efficiency, 15 PPM NOx
Electicity displaces National All Fossil Average Generation (eGRID 2010 ) -
9,720 Btu/kWh, 1,745 Ibs CO,/MWh, 2.3078 Ibs NOX/MWH, 6% T&D losses
Thermal displaces 80% efficient on-site natural gas boiler with 0.1 Ib/MMBtu NOX emissions

1

Source: htp:/wwwi.eere. _clean_energy._solution.pdf

Supportive State Policies are Key

Guide to the Successful Implementation of
State Combined Heat and Power Policies

Industrial Energy Efficiency and Combined Heat and Power
Working Group

c
=

Driving Ratepayer-Funded Efficiency through Regulatory
Palicies Working Group

March 2013

-
18
- ¢
w
11}
W

STATE & LOCAL ENERGY EFFICIENCY ACTION NETWORK

e e s Carae




States with Clean Energy Portfolio
Standards Requirements for CHP

o
I Y I - Manstatory AFS was O

Source: http://www.epa.govichp/documents/ps_paper.pdf

States with EERS Programs for
CHP

‘Source: http://www.epa.gov/chp/documents/ps_paper.pdf

U.. Shale Gas Resources

Lo T e ]
Lower 48 states shale plays
s ¥ '__ﬂ_u?:'__" rt

=

. Cloum by Applic stiom Conters

Source;
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EPA’s Boiler MACT Rule (CHP Role)

ICI Boiler MACT - Standards for hazardous air pollutants from major
sources: industrial, commercial and institutional boilers and
process heaters

Final rule December 2012 — Compliance by January 31, 2016

Compliance with MACT limits will be expensive for many coal and
oil users (standard compliance measures)

May consider converting to natural gas
Conversion for some oil units, replacements for coal units?

May consider moving to natural gas fueled CHP
(trade off of benefits versus additional costs)
Represents a productive investment
Potential for lower steam costs due to generating own power
Higher overall efficiency and reduced emissions
Higher capital costs, but partially offset by required compliance costs or
new gas boiler costs

Affected Boilers in the Midwest

Fuel Type Number of Units | Capacity (MMBtu/hr)
Coal 360 84,197
Heavy Liquid 64 9,936
Light Liquid 58 5,375
Total 482 99,508

Includes industrial, commercial and institutional boilers only
© 2011 ICF International. Expanded Database. Al rights reserved.

B o i s

Affected Coal and Oil Boilers in the
Midwest by Market Sector

o Capacity
e |1 | it
46 92

Food 21,460
Paper 28 55 13,433
Petroleum and Coal 5 13 3,219
Chemicals 29 65 10,452
Plastics and Rubber 6 17 1,488
Primary Metals 9 22 9,011
Fabricated Metals 2 5 664

Machinery 5 14 5,276
Transportation Equip. 18 80 12,036
Educational Services 18 44 8,753
Other Applications 29 75 13,717
Total 195 482 99,508

© 2011 ICF International. Expanded Database. Al rights reserved.
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Affected Coal and Oil Boilers in the

Midwest

. . Total

o
(MMBtu/hr)

lowa 18 39 3 5 15,217
Illinois 23 36 2 7 10,241
Indiana 22 37 14 14 14,986
Kansas 2 1 0 685
Michigan 29 72 7 0 18,630
Minnesota 15 16 12 7 4,955
Missouri 8 22 0 8 3,442
North Dakota 6 6 3 1 3,838
Nebraska 6 6 4 0 2,554
Ohio 37 77 3 10 14,179
South Dakota 1 5 1] 0 1,651
Wisconsin 28 43 12 6 9,131
Total 195 360 64 58 99,508

© 2011 ICF International. Expanded Database. Al rights reserved.

L. Clram fmregy Application Comters

lowa Boiler MACT Affected Facilities
(identified in EPA ICR Database)

3M Knoxville Knoxville
ADM Corn Processing CR Cedar Rapids
Ag Processing Inc Eagle Grove
Archer Daniels Midland Co. - Des Moines Des Moines
Archer Daniels Midland Company - Corn Processing Plant - Clinton Clinton
Cargill Corn Milling - Eddyville Eddyville
Cargill, Inc. - Sioux City Sioux City
Grain Processing Corporation Muscatine
lowa State University Power Plant Ames
John Deere Dubuque Works Dubuque
Roquette America, INC Keokuk
The University of lowa lowa City
University of Northern lowa Cedar Falls
g eum ey Applcaiom Covters Source: EPA ICR Database

DOE Boiler MACT Technical Assistance
Program (Midwest)

Providing site specific technical and cost information to the 195+
major source facilities (~ 480 boilers) in 12 states currently
burning coal or oil (Decision Tree Analysis)

Meeting with willing individual facility management to discuss
“Clean Energy Compliance Strategies” including potential funding
and financial opportunities.

Assisting interested facilities in the implementation of natural gas
CHP as a compliance strategy

Program Offered Through The

U.S. DOE Midwest Clean Energy Application Center
University of lllinois at Chicago
www.midwestcleanenergy.org

B, Midant Clain Imrgy Application Conise

Impact of Pending EPA Utility Regulations

Utility Regulations
Mercury and Air Toxics Standards (MATS)

Cross-State Air Pollution Rule (CSAPR), formerly
“Transport Rule” — formore Jologs/

politics/wp/2013/0¢ our ew-( r-rule/)
Will require compliance investments and/or may
contribute to closings of some coal capacity
Estimates of shutdown coal capacity range
from 20 to 50 GW

Price impacts will be regional

Closings could result in localized reliability concerns
providing opportunities for CHP

22 ff Ty s cbrse AR

CHP and Critical Infrastructure

“Critical infrastructure” refers to those Applicable
assets, systems, and networks that, if Market Sectors
incapacitated, would have a substantial

negative impact on national security, Hospitals and healthcare
national economic security, or national centers

public health and safety.” © Water / wastewater treatment
plants

Police, fire, and public safety
Centers of refuge (often
schools or universities)
Military/National Security
Food distribution facilities
Telcom and data centers

o

Patriot Act of 2001 Section 1016 (e)

0 o

00

Resource:: Combined Heat and Power: Enabling
Resilient Energy Infrastructure for Critical Facilities,

pdf

T it S

http://info.omnl. 761

CHP and Ciritical Infrastructure

Most critical infrastructure facilities are dependent
on availability & resiliency of the electric grid

Grid is subject to terrorist attack & natural disasters

If electricity grid is impaired, a properly configured
CHP system can continue to operate, ensuring an
uninterruptable supply of electricity and thermal
energy

Numerous examples — Northeast Blackout 2003, Hurricane
Katrina 2005, Super-storm Sandy 2012, Various winter and

summer blackouts/brownouts i kessirce: Gombined Heat aid Power: Enabing

Resilient Energy Infrastructure for Critical Facilities,
http:/finfo.ornl. i icati i 761.

pdf

oy o




Favorable Characteristics for
CHP Applications

Concern about energy costs Future central plant
c bout replacement and/or
oncern about power upgrades

reliability
Concern about sustainability
and environmental impacts

Future facility expansion or
new construction projects

. EE measures already
Long hours of operation implemented
Existing thermal loads Access to fuel
Central heating and cooling

plant Facility energy champion

B Ciem by Aqplcaio Coriers

Attractive CHP Markets

@206

Industrial Commercial Institutional Agricultural
Chemical Data centers Hospitals Concentrated
manufacturing Hotels and casinos Landfills animal feeding
Ethanol Multi-family housing Universities & operations
Food processing Laundries colleges Dairies
Natural gas Apartments Wastewater Wood waste
pipelines Office buildings treatment (biomass)
Petrochemicals Refrigerated Residential
Pharmaceuticals warehouses confinement
Pulp and paper Restaurants
Refining Supermarkets
Rubber and plastics Green buildings

B Ciem by Aqplcaio Coriers

Example CHP Applications

CHP is not always sold on economics alone; other
drivers exist for CHP projects

CHP systems are implemented in various market
sectors, facility sizes, and via different prime mover
technologies and generation capacities

Example installations explore other drivers and various
applications

CEAC Developed Project Profiles located at:
http://www1.eere.energy.gov/manufacturing/distributede
nergy/chp_projects.html

B o e e Cstaes

CHP Applications:

Addressing Coal Emissions

Kent State University
Kent, OH

Capacity: 12 MW

Fuel: Natural Gas

Prime Mover: Comb. Turbines
(1x 5MW and 1 x 7MW)
Installed: 2003, 2005

o Gl

CHP Applications:

Addressing Instantaneous
Power Interruptions

Lake Forest Hospital
Lake Forest, IL

Capacity: 3.2 MW

Fuel: Natural Gas

Prime Mover: Recip. Engines
Installed: 1997

Annual Instantaneous Power

Interruptions were reduced from

50 down to 2 due to CHP
installation

8, Clran laeegy Application Conters

CHP Applications:

CHP Serving as
Emergency Generators

Beloit Memorial Hospital
Beloit, WI

Capacity: 3.0 MW

Fuel: Natural Gas & Diesel
Prime Mover: Recip. Engines
Installed: 2000

CHP system serves both day-

to-day and emergency power:

* Meets 10 sec start up time
requirement

* Meets on-site fuel
requirement

B, Clram foeegy Appication Covters




CHP Applications:
Facility Utilities Expansion
Northwest Community
Hospital

Arlington Heights, IL
Capacity: 4.6 MW

Fuel: Natural Gas

Prime Mover: Recip. Engines
Installed: 1997 / 2005

CHP Applications:
LEED Platinum

Dell Children’s Medical
Center of Central Texas
Austin, TX

Capacity: 4.6 MW

Fuel: Natural Gas

Prime Mover: Combustion Turbines
Installed: 2009

oy SO

CHP Applications: azomoL

Addressing Extended Power @ e @

Outages

Presbyterian Homes
Evanston, IL

Capacity: 2.4 MW

Fuel: Natural Gas

Prime Mover: Recip. Engines
Installed: 2001

Cloem By Aprplic stiom Comters

CHP Applications:
Disaster Relief, Hurricane
Katrina

Mississippi Baptist
Medical Center
Jackson, MS

Capacity: 4.2 MW
Fuel: Natural Gas
Prime Mover: Combustion Turbines
Installed: 1991

CHP Applications: I

Disaster Relief, Hurricane Sandy

Danbury Hospital \
Danbury, CT

Capacity: 4.5 MW/ 3 MW standby

Fuel: natural gas / diesel

Prime Mover: Combustion Turbine /
Recip backups

Installed: 2011

CHP Applications:

Mission Critical Power System

University of Toledo Data
Center
Toledo, OH

Capacity: 260 kW
Fuel: Natural Gas
Prime Mover:
Microturbine
Installed: 2012

36 ‘Source: http://www.capstoneturbine.com/_docs/CS_CAP345_University_Toledo_lowres.pdf
e © °




CHP Applications:
Reliability / Multi-Fuel

Bay View Wastewater
Treatment Plant
Toledo, OH

Capacity: 10 MW

Fuel: Biogas / LFG / NG
Prime Mover: Comb. Turbine
Installed: 2010

CHP Applications:

Green Energy & Energy Savings

Lima Wastewater
Treatment Plant
Lima, OH

WWTP Size: 14 MGD

CHP Capacity: 65 kW

Fuel: Biogas

Installed: 2002

Prime Mover: Microturbine
(plans for 2nd MT)

Static Filter (siloxane) Microturbine

CHP Applications:
Energy Independence & Unique
Partnerships

Gundersen Lutheran

& City Brewery

La Crosse, WI

Capacity: 633 kW P e
Fuel: Biogas

Prime Mover: Recip. Engine
Installed: 2009

Hospital owns CHP
system at local brewery.
Heat from CHP system
used to heat digester,
electricity is sold to utility,
electric sales/credit go to
hospital.

Closam By Apsplic stice Cemters

CHP Applications:

Public & Private Partnerships

Gundersen Lutheran
& County Landfill
Onalaska, WI

Capacity: 1.2 MW

Fuel: Landfill Gas

Prime Mover: Recip. Engine
Installed: 2011

Instead of simply generating
electricity at landfill, landfill gas is
piped 2 miles to hospital where CHP
system provides all required
electricity and thermal energy. Claim
to be first energy independent
hospital in U.S.

Steam Turbine Generator
(installed in parallel with PRV)

CHP Applications: -
Replacing Pressure Reducing ==
Valve

000 -
£0.900 ko

East Kansas Agri-Energy
Garnet, KS

Capacity: 1.6 MW

Fuel: Natural Gas

Prime Mover: Backpressure Turbine
Installed: 2005

 Source: http:/l i pdf

CHP Applications:

Multiple Heat Recovery Applications

Broshco Fabricated
Products
Mansfield, OH

Capacity: 4.6 MW

Fuel: Natural Gas

Prime Mover: Reciprocating Engines
Installed: 2000, 2005 .
Heat Recovery: Process tanks, Boiler Control Room Switchgear
Heat, Make Up Heat for Plant Operations

Source:




CHP Applications:

Partnership w/ Municipality

U.S. Energy Partners,
LLC & City of Russell
Russell, KS

Capacity: 15 MW

Fuel: Natural Gas

Prime Mover: Comb Turbine
Installed: 2002

ma | D
{ Mo U5 Emergy
e
Gy o | ooy Pansan
Fatsen _ o s
Source: http: i . pdf

CHP Applications:

Multiple Waste Heat Recovery Streams

Vestil Manufacturing
Angola, IN

Capacity: 140 kW

Fuel: Natural Gas < seace riear i 3 2
Prime Mover: b 2
Microturbine e x
Installed: 2005 B
3
3
- g
CURE OVEN TO DRYOFF 226%F
PARTS DRYING
H §
2 Z
Source: i pdf

CHP Applications:

Industrial Dehumidification

Utilimaster Corporation
Wakarusa, IN

Capacity: 70 kW
Fuel: Natural Gas

Prime Mover: Microturbine
Installed: 2004

=" Source: hitp: i stilimaster.pdf

Questions

Cliff Haefke
(312) 355-3476
chaefkl@uic.edu

www.midwestcleanenergy.org

LS, Dimsamain or Extecy
g Midwest Clean Energy Application Center
- :

=

A program at

UIC Energy Resources
g Center .

46

A program sponsored by

lowa CHP Installations

Cargil, Inc. (Eddyvile)
Kendrick Forest Products (Edgewood)
City of Forest City (Forest City)

Amana Fams, Inc. / GHD, Inc. (Amana )
lowa State University (Ames)
United States Department of Agriculture (USDA) (Ames)
Otter Creek Ethanol (Ashton)

Alcoa  Midamerican Riverside (Bettendorf)

University Of lowa (lowa City)
Delaware County Memorial Hospital (Manchester)

Jacobs Energy Corporation (Betendort) Good Neighbor Home (Manchester)

University Of Northern lowa (Cedar Falls)
Archer Daniels Midland Company (Cedar Rapids)

Bio-Energy Partners (Mitchellile)

City of Muscatine / Muscatine Power and Water (Muscatine)
Archer Daniels Midland Company (Clinton ) Wy G (@Rt )

‘Southwest lowa Renewable Energy (Council Bluffs ) Ey R (Ri)
Packaging Corporation of America (Tama)
Berich Cabinet Manufacturing (Waterloo)

John Deere Corporation (Waterioo)

Mercy Hospita (Council Bufs)
Oscar Mayer Faods Corporation (Davenport)
Gity of Davenport (Davenport)

Archer Daniels Midland Company (Des Moines ) TP EERIHE 2 ()
Des Moines Metro WRF (Des Moines)

Heather Manor (Des Moines)

lowa Methoist Medical Center (Des Moines)
John Deere Corporation (Dubuue)

Mercy Health Center (Dyersvile)

AG Processing Inc. (Eagle Grove)

B, Cirantoergy 4,
- QuICe. NIID freen




Taking Advantage of Combined Heat
and Power (CHP)

OMA Energy Efficiency & CHP Work Group
July 17, 2013

Presented by:
John Cuttica
Energy Resources Center
University of lllinois at Chicago

FEE LS, DEpartaaNT oF ENRGY

s\ Midwest Clean Energy Application Center
o
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What technology can... 5

Increase overall energy efficiency and reduce utility bill
expenditures?

Reduce carbon emissions?

Increase energy reliability, decrease reliance on the grid, and
support grid T&D?

Show more energy savings and reduce more emissions than
comparably sized PV and wind technologies?

Support nation’s energy goals and is commercially available today?

The Answer? CHP

f oot RS

Presentation Outline

Overview of Combined Heat and Power (CHP)
CHP Market and Market Drivers
Favorable CHP Policies

Market Potential

f B SO

US DOE Regional Clean Energy
Application Centers (CEACS)

U.S. DOE Midwest Clean Application Centers originally
established in 2001 by U.S. DOE and ORNL to support DOE
CHP Challenge

Today the 8 Centers promote the use of Conventional CHP,
Waste Heat to Power CHP and District Energy Technologies

Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market analysis & evaluation
— Education & outreach
— Technical assistance

o Midwest Website: www.midwestcleanenergy.org
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Fuel Utilization by U.S. Utility Sector

Coal 5118

More than two-thirds of the
fuel used to generate power in
Matural Gas 16 5%

Source: http://wwwl. eere.energ: _report_12-08.pdf
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Conventional Energy System

o7 uni Customer purchases power
units thermal 5 X

rejected / lost from grid (central station)

33 units electric Power plant economy of scale

100 units input = 33 units of power
Remainder of energy lost (heat)

20 units thermal On-site generation of steam/hot

glestar / lost water (boilers/furnaces)

80 unitg thermal 100 units input = 60 to 80 units of heat

Typical grid power + onsite heat

Efficiency depends on heat/power
ratio
45% to 55% combined efficiency is
common

e atin o

100 units
fuel input

100 units
fueli

fuel input Furnace /
Boiler




Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

+ Electric generation — 33% 70% to 85%
+ Thermal generation - 80%
+ Combined efficiency — 45% to 55%

Separate Energy Delivery: ‘ CHP Energy Efficiency (combined heat and power)

T akastin e

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

Simultaneous generation of heat
and electricity

Fuel is combusted/burned for
the purpose of generating heat
and electricity

Normally sized for thermal load
10 max. efficiency — 70% to
>85%

Minimum efficiency of 60%
normally required

Normally non export of electricity
Lo missions — natural gas

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
heat and electricity) from a single fuel/energ

Waste Heat to Power CHP

(also referred to as Bottoming Cycle CHP or Indirect Fired CHP)
Electricity thermal eneray for the process
Ste
Tursine
— Waste heat is utilized to produce

electricity and possibly additional
| far th
Heat recovery
steam boiler

Waste heat from the
industrial process

Energy *

Intensive —
Industrial

Heat produced for the
industrial process

Process

[ i ——

Industrial Waste Heat Recovery
Opportunities

[ Metal and non-metal heating |

[, | o
Fluid Heating I_":_“:” l
sooor [N e cee > 800°F + = High Temp
=-p5ec
Orying | | Monmetal melting
[ Curing and Farming |
Thermal Guidizers and
Other
[ Metal Heat Treating |

R R i

CHP Role in Our Environmental Future
Impact on Carbon Emissions

TOTAL
TRADITIONAL SYSTEM @ EMISSIONS @ CHP SYSTEM

KTonsyear Klons'year

186 Ib/MMEB
' = ELECTRICITY

o g
117 MMBE

Source:
ISIORN

LRengrt Dec2008 it

What Are the Benefits of CHP?

CHP is more efficient than separate generation of electricity
and heat

Higher efficiency translates to lower operating cost, (but
requires capital investment)

Higher efficiency reduces emissions of all pollutants

CHP can also increase energy reliability and enhance power
quality

On-site electric generation reduces grid congestion and
avoids distribution costs

Jf V=gl




4,100 CHP Sites
(2012)

81,800 MW —
‘installed capacity

Saves 1.8 quads of
fuel each year

Avoids 241 M metric
tons of CO, each year

- 87% of capacity — industrial

71% of capacity — natural
as fired

Source: ICF International

Attractive CHP Markets

Industrial
Chemical
manufacturing
Ethanol
Food processing
Natural gas
pipelines
Petrochemicals
Pharmaceuticals
Pulp and paper
Refining
Rubber and plastics

Commercial Institutional
Data centers Hospitals
Hotels and casinos Landfills
Multi-family housing Universities &
Laundries colleges
Apartments Wastewater
Office buildings treatment
Refrigerated Residential
warehouses confinement
Restaurants
Supermarkets
Green buildings

Cloam neegs Appliation Covders

Agricultural
Concentrated
animal feeding
operations
Dairies
Wood waste
(biomass)

CHP Annual Additions

Annual Capacity Additions by Size

7,000

6,000 — M Sites >100 MW

5,000 - M Sites <100 MW

3
£ 4000
£ I
8 3,000 1
8
2,000
1,000 I
1
o HITT
s
F S

Source: ICF CHP Installation Database

Closam By Apsplic stice Cemters

CHP Annual Additions

Annual Capacity Additions by Size

7,000

6,000 +— M Sites >100 MW

4,000

5,000 — M Sites <100 MW

3,000

Capacity (MW)

2,000

1,000

o o o2
£ PSP

Source: ICF CHP Installation Database

Closam By Apsplic stice Cemters

Market Drivers

Benefits recognized by
policymakers at the federal
and state levels

7,000
Favorable outlook for natural 6,000
gas supply in North America 5,000
enhances economics 5 400
Opportunities created by 2 3000
environmental pressureson & 2,000
S

Fhe powerlsecAtorAand § 1,000
industrial/institutional users & o anlinl

ing i i S HL S S & S P ¥
Growing interest n power FEEETELEELTESS
reliability and critical &
infrastructure support P

Over 4,500 MW announced/under construction

CHP Value Proposition

10MW 10 MW
WHP PV

Combined
Cycle
(10 MW )

Category

Annual Capacity

85% 85% 25% 34% 67%
Factor

Annual Electricity ~/+446 260 21,900 29,784 58,692

MWh MWh MWh MWh MWh
Annual Useful 103,417
e MWh, None None None None
Capital Cost $24 million  $30 million  $45 million  $24 million  $10 million
Annual Energy 343,747 767,176 225,640 306,871 156,708
Savings MMBtu MMBtu MMBtu MMBtu MMBtu
aqpuales 44,114 Tons 68,864 Tons 20,254 Tons 27,546 Tons 27,023 Tons
Savings
Annual NOx
Savings 86.9Tons 91.1Tons 26.8Tons 36.4Tons 59.2Tons

Based on: 10 MW Gas Turbine CHP - 30% electric efficiency, 70% total efficiency, 15 PPM NOx
Electricity displaces National All Fossil Average Generation (éGRID 2010 ) -
9,720 BulkWh, 1,745 Ibs CO,/MWh, 2.3078 Ibs NOXMWH, 6% T&D losses
Thermal displaces 80% efficient on-site natural gas boiler with 0.1 Ib/MMBtu NOx emissions




Recent CHP Policies

DOE / EPA CHP Report (8/2012)

President Obama signed an executive
order to accelerate industrial energy
efficiency and CHP in August, 2012 that
sets a national goal of 40 GW of new CHP
installations by 2020.

24 states recognize CHP in some manner
in state Renewable and/or Energy
Efficiency Resource Standards

Re-evaluating standby rates, interconnect
standards, tax incentives, feed-in-tariffs,
permit by rule, grants & financing
programs

DOE - SEEAction “Guide to the Successful Execuive Order: hip v whitehouse govfhe-press-
Implementation of State CHP Policies” — ‘energy-efficiency
www.seeaction.energy.gov Report

hp_clean_energy_solution.pdf

B s i

Gas Availability and Price likely to be
Key Driver

Broad consensus that Gas Prices at Henry Hub (2010$/MMBtu)
Henry Hub natural gas 10

prices will average
between $4 and $6 per
MMBtu well beyond
2025.

Natural gas outlook will
drive manufacturing
investment and
technology choice.

Henry Hub Prices, 2010 5/MMBty

$4 to $6 gas prices are
sufficient to support the
levels of supply 005 000 2015 2010 2005 2030 2035
development in the —Histarical ~—Projected

projection, but not so

high as to discourage

market growth.

{'l
/
\
|
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Environmental Drivers for CHP

ICI Boiler MACT - standards for hazardous air pollutants from major sources — coal
& oil boilers affected by rule should consider CHP in their compliance strategy

Affected Midwest Sites

3 q Total
J Llljgr::::)ll Capacity
(MMBtu/hr)|

lowa ) 5 15,217
lllinois 2 7 10,241
Indiana 22 37 14 14 14,986
Kansas 2 1 4 0 685

Michigan 29 72 7 0 18,630
Minnesota 15 16 12 7 4,955
Missouri 8 22 0 8 3,442
North Dakota 6 6 3 1 3,838
Nebraska 6 6 4 0 2,554
Ohio 37 77 3 10 14,179
South Dakota 1 5 0 0 1,651
Wisconsin 28 43 12 6 9,131
Total 195 360 64 58 99,508

© 2011 ICF International. Expanded Database. Al rights reserved.

f B SO a

DOE Boiler MACT Technical Assistance
Program (Midwest)

Providing site specific technical and cost information to the 195+
major source facilities (~ 480 boilers) in 12 states currently
burning coal or oil (Decision Tree Analysis)

Meeting with willing individual facility management to discuss
“Clean Energy Compliance Strategies” including potential funding
and financial opportunities.

Assisting interested facilities in the implementation of natural gas
CHP as a compliance strategy

Program Offered Through The

U.S. DOE Midwest Clean Energy Application Center
University of Illinois at Chicago
www.midwestcleanenergy.org

oy e RN

Critical Infrastructure

“Critical infrastructure” refers to those App”C&tiOﬂS:
assets, systems, and networks that,

if incapacitated, would have a o Hospitals and healthcare

substantial negative impact on centers
national security, national economic
security, or national public health and o Water / wastewater
safety.” treatment plants
o Police, fire, and public

Patriot Act of 2001 Section 1016 (e)

safety

o Centers of refuge (often
schools or universities)

o Military/National Security
o Food distribution facilities
o Telcom and data centers

Bt o

CHP - Part of Critical Infrastructure

Most critical infrastructure facilities are dependent
on availability & resiliency of the electric grid

Grid is subject to terrorist attack & natural disasters

If electricity grid is impaired, a properly configured
CHP system can continue to operate, ensuring an
uninterruptable supply of electricity and thermal
energy

Numerous examples — Northeast Blackout 2003, Hurricane

Katrina 2005, Super-storm Sandy 2012, Various winter and
summer blackouts/brownouts

Bt o




CHP Kept Critical Facilities
Running During Sandy

South Oaks Hospital - Amityville, NY, 1.25 MW recip. engine
Greenwich Hospital - Greenwich, CT, 2.5 MW recip. engine
Christian Health Care Center - Wyckoff, NJ, 260 kW microturbine
Princeton University - Princeton, NJ, 15 MW gas turbine

The College of New Jersey - Ewing, NJ, 5.2 MW gas turbine
Salem Comm. College - Carney’s Point, NJ, 300 kW microturbine
Public Interest Data Center - New York, NY, 65 kW microturbine
Co-op City - The Bronx, NY, 40 MW combined cycle

Nassau Energy Corp — Garden City, NY, 57 MW combined cycle
Bergen Wastewater Plant — Little Ferry, NJ, 2.8 MW recip. engine
New York University — New York, NY, 14.4 MW gas turbine
Sikorsky Aircraft Corporation — Stratford, CT, 10.7 MW gas turbine

B Ciem by Aqplcaio Coriers

Technical Potential of 140,000 MW

Existing CHP vs Technical Potential

&

[@ Potential CHP

W Existing CHP

Capacity (GW)
w
&

W
=]

Source: ICF International

B Ciem by Aqplcaio Coriers

CHP Technical Potential

|:| <1,000 MW
D 1,000 - 1,999 MW

Source: ICF Internal Estimate . 2,000 - 4,999 MW

Midwest CHP Generating Capacity

Installed vs Total Technical Potential*

~8,000 ‘
§7,000
< 6,000
85'000
24,000
© 3,000
52,000 — —a 8 & &
& 1,000 — —l—
2 el ITHERL S 0§ e .
o > @ @ £ LS @ L > @ O RN
% \\\\Qo\ &r&‘ \o“\ rbf;b ‘{\\’b 0"6\ eo {z;;& #o“ O\\\ 5“0\ &(\e\
o TV EE Ve T

® &

Hinstalled = Tech Potential
* Technical Potential also includes existing CHP

B o e e Cstaes

. >5,000 MW
f Tl R

CHP Generating Capacity
Installed vs Total Technical Potential

250,000
§ 222,000 MW
=
> 200,000
8
£ 150,000
O
2
S 100,000 e
© 82,000 MW
9]
5 43000
& 50,000 : I
o
I 10,800 MW
© 0

Midwest us.

u Installed Tech Potential

* Technical Potential also includes existing CHP'

B G gy Appication Conters

??Economic Potential??

What Defines Economic Potential

2 year paybacks, 4 year paybacks, 8
year paybacks??

o Financial analysis can't be done with
%m0 average utility rates.
émm Average site data is unacceptable
i'mm (operating hours, cost of system,
} level of heat recovery, etc)

50.000
) — . ) How do you account for such

Pt s benefits as reliability, power quality,

resiliency, environment, etc

The economic potential lies
somewhere between the two bars

* Technical Potential also includes existing CHP'

B G gy Appication Conters




Questions

John Cuttica
(312) 996-4382
cuttica@uic.edu

www.midwestcleanenergy.org

P LS, Deparmint oF Exticy

s\ Midwest Clean Energy Application Center
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-

A program at A program sponsored by
UIC Energy Resources
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23 Conter rinlily
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CHP and Ciritical Infrastructure

State of lllinois Energy Assurance Workshops for Municipalities

Graeme Miller
US DOE Midwest Clean Energy Application Center

July 22, 2013

2 ULS, DepartmenT oF Enercy

‘.\ Midwest Clean Energy Application Center
v
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Presentation Outline

CHP 101

CHP and Critical Infrastructure

CHP in Critical Infrastructure State Policies
CHP Case Studies
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US DOE Regional Clean Energy
Application Centers (CEACS)

U.S. DOE Midwest Clean Application Center originally
established in 2001 by U.S. DOE and ORNL to support DOE
CHP Challenge

Today the 8 Centers promote the use of CHP, District Energy,
and Waste Heat to Power Technologies

Strategy: provide technology education and outreach to end-
users as well as policy, utility, and industry stakeholders
focused on:

— Market analysis & evaluation

— Education & outreach

— Technical assistance

Midwest Website: www.midwestcleanenergy.org

(=]
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Fuel Utilization by U.S. Utility Sector

More than two-thirds of the
enerate power in

Source: http: 1 )_report_12-08.pdf

What Is Combined Heat and Power?

CHP is an integrated energy system that:
¢ Islocated at or near a factory or building

¢ Generates electrical and/or mechanical power

* Recovers waste heat for:

— heating, - m . m

— cooling or p—
N [ere—
— dehumidification = ‘

¢ Can utilize a variety of

o

technologies and fuels E ﬂ i
| et ] — —
-— [

CHP Technology Components
(Topping Cycle)

VN A% ’}_ — -
Prime Mover I Electricity

Reciprocating Engines

Fuel

On-Site Consumption

Natural Gas
Propane

Combustion Turbines "
Microturbines Sold to Utility
Steam Turbines

Fuel Cells

Biogas
Landfill Gas
Coal

Steam
Steam

Waste Products
Others ﬂ
Hot Water
I Space Heating
Process Heating
Heat Exchanger |:‘,> Space Cooling
I Process Cooling

Dehumidification

Thermal

&, Midwest Clean Encrgy Application Center I




Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Traditional System CHP System

Power Plant Electricity

Boiler Heat

0/
45% Efficiency

CHP provides efficient, clean, reliable, affordable energy
—today and for the future.

F US. D o Barc
_}, Midhwest Clean Energy Application Center.

mand

e .

CHP Is Used at the Point of De

A

4,100 CHP Sites

fuel each year

Avoids 241 M metric
tons of CO, each year

- 87% of capacity — industrifSI s

71% of capacity — natural
as fired

.
S ICF International WS, Demmminans oo Enamcy
ouree ermationa Midwest Clean Energy Application Ceater

lllinois CHP Installation Summary (2012)

© State CHP Generating Capacity: 1,243 MW
©  Number of CHP Systems: 132

©  CHP as % of State Gen Capacity: 2.5%

©  CHP Technical Potential:* 5,430 MW

* Technical Potential for commercial and industrial faciities only, non-export only

Installation Status by Prime Mover Type
CHP Gen Capacity (MW) # of CHP Systems

m Boiler/Steam = Boiler/Steam
Turbine Turbine
= Combined = Combined
Cycle Cycle
= Combustion = Combustion
Turbine Turbine
= Recip Engine = Recip Engine
= Microturbine = Microturbine
= Waste Heat = Waste Heat
Recovery Recovery
# U Dusnervens oo Examcy
| s AP IEOS

- ‘Source: ICF CHP Installation Database

Illinois CHP Installation Summary (2012)

o State CHP Generating Capacity: 1,243 MW
o Number of CHP Systems: 132

o CHP as % of State Gen Capacity: 2.5%

o CHP Technical Potential:* 5,430 MW

+Technical Potential for commercial and industrial faciities only, non-export only

Installation Status by Fuel Type

CHP Gen Capacity (MW) # of CHP Systems

mBIOMASS = BIOMASS

= COAL = COAL

=NG =NG

=0IL =0IL

=OTR =OTR

= WAST = WAST

= WOOD = WOOD
L ——

~ Source: ICF CHP Installation Database

Favorable Characteristics for
CHP Applications

0 Concern about energy costs 0 Future central plant
replacement and/or

o Concern about power upgrades

reliability

o Concern about sustainability
and environmental impacts

o Future facility expansion or
new construction projects

L h f i o EE measures already
o Long hours of operation implemented

o Existing thermal loads Access to fuel

o

o Central heating and cooling

plant o Facility energy champion

P U, Drmanans o Bsane
B, Midwest Clean Energy Application Center

Power Outage Cost Estimates

Superstorm Sandy

o Nearly $20 billion in losses from suspended g
business activity

o E}al losses estimated between $30 to $50
illion

o Two-day shutdown of the NY Stock
Exchange, costing an estimated $7 billion
from halted trading

o Rutgers estimates economic losses of
$11.7 billion for New Jersey GDP

SOURCE:
= 1

)_enabiing_resilient_energy_infrastructu

# U5, Dwanans or Erame
B, Midwest Clean Energy Application Center




Critical Infrastructure

“Critical infrastructure” refers
to those assets, systems, and
networks that, if
incapacitated, would have a
substantial negative impact
on national security, national
economic security, or national
public health and safety.”

Applications:

O Hospitals and healthcare
centers

0 Water / wastewater
treatment plants

0 Police, fire, and public
safety
0 Centers of refuge (often

schools or universities)
0 Military/National Security
0 Food distribution facilities
0 Telcom and data centers

Patriot Act of 2001 Section 1016 (e)

B, Midwest Clean Energy Application Center

Designing for Reliability

0 CHP systems designed for reliability will incur additional
costs ($45 - $170/kW depending on complexity of
system)

0 These additional costs however provide important
reliability benefits to the site, and to the community at
large

0 One estimate states that over $150 billion per year is lost
by U.S. industries due to electric networkSliability
problems

SOURCE: htt 1 enabling resilient energy of

B, Midwest Clean Energy Application Ceater

Uninterrupted Operation Requirements

O Black start capability

0 allows the system to start up
independently from the grid

O Generators capable of Er,
independent operation = i
0 the system must be able to operate without the grid power
signal
0 Ample carrying capacity
O system size must match critical loads
O Parallel utility interconnection and switchgear
controls

0 the system must be able to disconnect from the grid,
support critical loads, and reconnect after an event

P U3, Duranars o Brimr
B Midwest Clean Energy Application Center

CHP versus Backup Generation

0 CHP provides continuous benefits to host
facilities, rather than just during emergencies

0 CHP can result in daily operating cost savings

0 CHP offsets capital
costs associated with
investments in
traditional backup
power

T
Energy Application Center

CHP versus Backup Generation

S * Designed and maintained to run * Only used during emergencies
¥: continuously
Performance -
* Improved performance reliability
RSy * Natural gas infrastructure typically e Limited by on-site storage

not impacted by severe weather

* May be configured for “flicker- * Lag time may impact critical
free” transfer from grid connection system performance
to “island mode”

Transition from
Grid Power

* Electricity * Electricity
Energy Supply * Thermal (heating, cooling,
hot/chilled water)

* Typically natural gas fueled * Commonly burn diesel fuel
* Achieve greater system efficiencies

(80%)

* Lower emissions

Emissions

ean Energy Application Center

US DOE’s Clean Energy Application
Center’s Role

O In February 2012, the US DOE’s Clean Energy Application
Centers formed a working group on CHP in Critical
Infrastructure

0 The working group and ICF International prepared a
report, published in April 2013, on CHP and Critical
Infrastructure for the US DOE, Oak Ridge National Lab

http:, 1.eere.ener g/distr D hp_critical_facilities.pdf
0 US DOE conducted a webinar on April 3, 2013 on the
topic of CHP’s Role in Critical Infrastructure support

Source: http: 1.eere.energ ing/distr

-
lean Energy Application Center




Critical Infrastructure CHP:
Texas and Louisiana

* CHP Requirements:
— Deemed feasible if it can provide a facility with 100% of its
critical electricity needs; primary source of thermal energy;
— Can sustain emergency operations for at least 14 days;
— Meets a minimum efficiency of 60%;

— Energy savings must exceed installation, operating and
maintenance costs over a 20-year period;

— CHP must be on-site.

Learn more at: http://www.txsecurepower.org/ or at
http://legiscan.com/LA/text/SR171/id/649813/Louisiana-2012-SR171-Introduced.pdf

B, Midvwest Clean energy Appliction Ceater

Critical Infrastructure CHP:
New Jersey

¢ 2008 NJ Energy Master Plan calls for 1,500
MW of CHP in NJ by 2020%*.

— Reduce energy costs & capacity requirements
— Reduce emissions & improve grid reliability

*Post Superstorm Sandy, the programs

have been amended to emphasize grid

resiliency benefits by awarding additional

merit points for being able to: CT

< operate in grid island mode; and

« act as a place of refuge in a long-term
grid outage.

T s, Dot o B
B Midwest Clean Energy Application Center

Critical Infrastructure CHP:

New York
¢ Eligibility:
— 50 kW to 1.3 MW systems;

— ONLY Fund CHP systems that can continue operations during grid
outages;
— Only systems installed at sites that pay the System Benefits Charge;
* All Investor Owned Utilities in New York pay the Systems Benefits Charge

— Flood zone applicants must meet a “high and dry” requirement*;
providing extra level of reliability in major storm events

— First-come, first-serve basis through December 31, 2016

Learn more at: http://www.nyserda.ny.gov/PON2568

*Lesson learned and new requirement added after Superstorm Sandy.

t Clean Encrgy Application Ceater

Example CHP Installations

¢ Other drivers exist for CHP projects than straight
economics

* Example CHP installations explore other drivers
(CHP serving critical loads)

¢ Case Studies (Project Profiles) located at
http://www1.eere.energy.gov/manufacturing/distributedener
gy/chp database/Default.aspx

P U, Dumettns 8t
* s, Dur an & Midwest Clean Energy Applicatlon Center
|, Gull Coast Clean Energy Applics  ~

CHP Applications:

Disaster Relief, Superstorm
Sandy

New York
Presbyterian Hospital
Manhattan, NY

Capacity: 7.5 MW

Fuel: Natural Gas

Prime Mover: Combustion Turbines
Installed: 2009

New York City's first hospital with grid-i

Maintained full service while the surrounding grid was shut down

Due to its CHP system, New York Presbyterian not only cared for its own patients during the
Superstorm Sandy blackout, but was able to admit patients from nearby hospitals that had
lost power during the storm.

CHP Applications:

Disaster Relief, Hurricane
Katrina

Mississippi Baptist
Medical Center
Jackson, MS

Capacity: 4.2 MW
Fuel: Natural Gas
Prime Mover: Combustion Turbines
Installed: 1991

The independence provided by the CHP system allowed MBMC to continue operation
relatively unaffected during Hurricane Katrina in 2005. As soon as power reliability became
afactor MBMC performed a load shed, switched off of the power grid, and continued
operation in turbine-only mode. MBMC was the only hospital in the Jackson metro area to
remain nearly 100% operational. After approximately 50 hours, the power reliability issue
was addressed and MBMC connected to the power grid and returned to normal operation.

Source: htp:/fwww. HP-MBMC.pdf
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CT9 just wanted to clarify that points provided for either and/or both, right?
Claudia Tighe, 7/18/2013



CHP Applications:

Mission Critical Power System

University of Toledo Data
Center
Toledo, OH

Capacity: 260 kW
Fuel: Natural Gas
Prime Mover:
Microturbine
Installed: 2012

Source: http:

docs/CS CAP345 University Toledo_lowres.pdf

Questions?

Graeme Miller
Policy Analyst
gmille7@uic.edu

312.996.3711
John Cuttica Cliff Haefke
Co-Director Co-Director
cuttica@uic.edu chaefkl@uic.edu
312.996.4382 312.355.3476

US DOE Midwest Clean Energy Application Center
www.midwestcleanenergy.org

Tyl AR

CHP Applications:
Addressing Extended Power
Outages

Presbyterian Homes
Evanston, IL

Capacity: 2.4 MW

Fuel: Natural Gas

Prime Mover: Recip. Engines
Installed: 2001

‘Source: http://www.midwestcleaneneray org/profiles/ProjectProfiles/PresbyterianHomes. pdf




CHP and Ciritical Infrastructure

State of lllinois Energy Assurance Workshops for Municipalities

Graeme Miller
US DOE Midwest Clean Energy Application Center

July 23, 2013

2 ULS, DepartmenT oF Enercy

‘.\ Midwest Clean Energy Application Center
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CHP Case Studies
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US DOE Regional Clean Energy
Application Centers (CEACS)

U.S. DOE Midwest Clean Application Center originally
established in 2001 by U.S. DOE and ORNL to support DOE
CHP Challenge

Today the 8 Centers promote the use of CHP, District Energy,
and Waste Heat to Power Technologies

Strategy: provide technology education and outreach to end-
users as well as policy, utility, and industry stakeholders
focused on:

— Market analysis & evaluation

— Education & outreach

— Technical assistance

Midwest Website: www.midwestcleanenergy.org

(=]
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Fuel Utilization by U.S. Utility Sector

More than two-thirds of the
enerate power in

Source: http: 1 )_report_12-08.pdf

What Is Combined Heat and Power?

CHP is an integrated energy system that:
¢ Islocated at or near a factory or building

¢ Generates electrical and/or mechanical power

* Recovers waste heat for:

— heating, - m . m

— cooling or p—
N [ere—
— dehumidification = ‘

¢ Can utilize a variety of

o

technologies and fuels E ﬂ i
| et ] — —
-— [

CHP Technology Components
(Topping Cycle)

VN A% ’}_ —— -
Prime Mover I Electricity

Reciprocating Engines

Fuel

On-Site Consumption

Natural Gas
Propane

Combustion Turbines "
Microturbines Sold to Utility
Steam Turbines

Fuel Cells

Biogas
Landfill Gas
Coal

Steam
Steam

Waste Products
Others ﬂ
Hot Water
I Space Heating
Process Heating
Heat Exchanger |:‘,> Space Cooling
I Process Cooling

Dehumidification

Thermal

&, Midwest Clean Encrgy Application Center I




Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Traditional System CHP System

Power Plant Electricity

Boiler Heat

0/
45% Efficiency

CHP provides efficient, clean, reliable, affordable energy
—today and for the future.

F US. D o Barc
_}, Midhwest Clean Energy Application Center.

mand

e .

CHP Is Used at the Point of De

A

4,100 CHP Sites

fuel each year

Avoids 241 M metric
tons of CO, each year

- 87% of capacity — industrifSI s

71% of capacity — natural
as fired

.
S ICF International WS, Demmminans oo Enamcy
ouree ermationa Midwest Clean Energy Application Ceater

lllinois CHP Installation Summary (2012)

© State CHP Generating Capacity: 1,243 MW
©  Number of CHP Systems: 132

©  CHP as % of State Gen Capacity: 2.5%

©  CHP Technical Potential:* 5,430 MW

* Technical Potential for commercial and industrial faciities only, non-export only

Installation Status by Prime Mover Type
CHP Gen Capacity (MW) # of CHP Systems

m Boiler/Steam = Boiler/Steam
Turbine Turbine
= Combined = Combined
Cycle Cycle
= Combustion = Combustion
Turbine Turbine
= Recip Engine = Recip Engine
= Microturbine = Microturbine
= Waste Heat = Waste Heat
Recovery Recovery
# U Dusnervens oo Examcy
| s AP IEOS

- ‘Source: ICF CHP Installation Database

Illinois CHP Installation Summary (2012)

o State CHP Generating Capacity: 1,243 MW
o Number of CHP Systems: 132

o CHP as % of State Gen Capacity: 2.5%

o CHP Technical Potential:* 5,430 MW

+Technical Potential for commercial and industrial faciities only, non-export only

Installation Status by Fuel Type

CHP Gen Capacity (MW) # of CHP Systems

mBIOMASS = BIOMASS

= COAL = COAL

=NG =NG

=0IL =0IL

=OTR =OTR

= WAST = WAST

= WOOD = WOOD
L ——

~ Source: ICF CHP Installation Database

Favorable Characteristics for
CHP Applications

0 Concern about energy costs 0 Future central plant
replacement and/or

o Concern about power upgrades

reliability

o Concern about sustainability
and environmental impacts

o Future facility expansion or
new construction projects

L h f i o EE measures already
o Long hours of operation implemented

o Existing thermal loads Access to fuel

o

o Central heating and cooling

plant o Facility energy champion

P U, Drmanans o Bsane
B, Midwest Clean Energy Application Center

Power Outage Cost Estimates

Superstorm Sandy

o Nearly $20 billion in losses from suspended g
business activity

o E}al losses estimated between $30 to $50
illion

o Two-day shutdown of the NY Stock
Exchange, costing an estimated $7 billion
from halted trading

o Rutgers estimates economic losses of
$11.7 billion for New Jersey GDP

SOURCE:
= 1

)_enabiing_resilient_energy_infrastructu

# U5, Dwanans or Erame
B, Midwest Clean Energy Application Center




Critical Infrastructure

“Critical infrastructure” refers
to those assets, systems, and
networks that, if
incapacitated, would have a
substantial negative impact
on national security, national
economic security, or national
public health and safety.”

Applications:

O Hospitals and healthcare
centers

0 Water / wastewater
treatment plants

0 Police, fire, and public
safety
0 Centers of refuge (often

schools or universities)
0 Military/National Security
0 Food distribution facilities
0 Telcom and data centers

Patriot Act of 2001 Section 1016 (e)

B, Midwest Clean Energy Application Center

Designing for Reliability

0 CHP systems designed for reliability will incur additional
costs ($45 - $170/kW depending on complexity of
system)

0 These additional costs however provide important
reliability benefits to the site, and to the community at
large

0 One estimate states that over $150 billion per year is lost
by U.S. industries due to electric networkSliability
problems

SOURCE: htt 1 enabling resilient energy of

B, Midwest Clean Energy Application Ceater

Uninterrupted Operation Requirements

O Black start capability

0 allows the system to start up
independently from the grid

O Generators capable of Er,
independent operation = i
0 the system must be able to operate without the grid power
signal
0 Ample carrying capacity
O system size must match critical loads
O Parallel utility interconnection and switchgear
controls

0 the system must be able to disconnect from the grid,
support critical loads, and reconnect after an event

P U3, Duranars o Brimr
B Midwest Clean Energy Application Center

CHP versus Backup Generation

0 CHP provides continuous benefits to host
facilities, rather than just during emergencies

0 CHP can result in daily operating cost savings

0 CHP offsets capital
costs associated with
investments in
traditional backup
power

T
Energy Application Center

CHP versus Backup Generation

S * Designed and maintained to run * Only used during emergencies
¥: continuously
Performance -
* Improved performance reliability
RSy * Natural gas infrastructure typically e Limited by on-site storage

not impacted by severe weather

* May be configured for “flicker- * Lag time may impact critical
free” transfer from grid connection system performance
to “island mode”

Transition from
Grid Power

* Electricity * Electricity
Energy Supply * Thermal (heating, cooling,
hot/chilled water)

* Typically natural gas fueled * Commonly burn diesel fuel
* Achieve greater system efficiencies

(80%)

* Lower emissions

Emissions

ean Energy Application Center

US DOE’s Clean Energy Application
Center’s Role

O In February 2012, the US DOE’s Clean Energy Application
Centers formed a working group on CHP in Critical
Infrastructure

0 The working group and ICF International prepared a
report, published in April 2013, on CHP and Critical
Infrastructure for the US DOE, Oak Ridge National Lab

http:, 1.eere.ener g/distr D hp_critical_facilities.pdf
0 US DOE conducted a webinar on April 3, 2013 on the
topic of CHP’s Role in Critical Infrastructure support

Source: http: 1.eere.energ ing/distr

-
lean Energy Application Center




Critical Infrastructure CHP:
Texas and Louisiana

* CHP Requirements:
— Deemed feasible if it can provide a facility with 100% of its
critical electricity needs; primary source of thermal energy;
— Can sustain emergency operations for at least 14 days;
— Meets a minimum efficiency of 60%;

— Energy savings must exceed installation, operating and
maintenance costs over a 20-year period;

— CHP must be on-site.

Learn more at: http://www.txsecurepower.org/ or at
http://legiscan.com/LA/text/SR171/id/649813/Louisiana-2012-SR171-Introduced.pdf

B, Midvwest Clean energy Appliction Ceater

Critical Infrastructure CHP:
New Jersey

¢ 2008 NJ Energy Master Plan calls for 1,500
MW of CHP in NJ by 2020%*.

— Reduce energy costs & capacity requirements
— Reduce emissions & improve grid reliability

*Post Superstorm Sandy, the programs

have been amended to emphasize grid

resiliency benefits by awarding additional

merit points for being able to: CT

< operate in grid island mode; and

« act as a place of refuge in a long-term
grid outage.

T s, Dot o B
B Midwest Clean Energy Application Center

Critical Infrastructure CHP:

New York
¢ Eligibility:
— 50 kW to 1.3 MW systems;

— ONLY Fund CHP systems that can continue operations during grid
outages;
— Only systems installed at sites that pay the System Benefits Charge;
* All Investor Owned Utilities in New York pay the Systems Benefits Charge

— Flood zone applicants must meet a “high and dry” requirement*;
providing extra level of reliability in major storm events

— First-come, first-serve basis through December 31, 2016

Learn more at: http://www.nyserda.ny.gov/PON2568

*Lesson learned and new requirement added after Superstorm Sandy.

t Clean Encrgy Application Ceater

Example CHP Installations

¢ Other drivers exist for CHP projects than straight
economics

* Example CHP installations explore other drivers
(CHP serving critical loads)

¢ Case Studies (Project Profiles) located at
http://www1.eere.energy.gov/manufacturing/distributedener
gy/chp database/Default.aspx

P U, Dumettns 8t
* s, Dur an & Midwest Clean Energy Applicatlon Center
|, Gull Coast Clean Energy Applics  ~

CHP Applications:

Disaster Relief, Superstorm
Sandy

New York
Presbyterian Hospital
Manhattan, NY

Capacity: 7.5 MW

Fuel: Natural Gas

Prime Mover: Combustion Turbines
Installed: 2009

New York City's first hospital with grid-i

Maintained full service while the surrounding grid was shut down

Due to its CHP system, New York Presbyterian not only cared for its own patients during the
Superstorm Sandy blackout, but was able to admit patients from nearby hospitals that had
lost power during the storm.

CHP Applications:

Disaster Relief, Hurricane
Katrina

Mississippi Baptist
Medical Center
Jackson, MS

Capacity: 4.2 MW
Fuel: Natural Gas
Prime Mover: Combustion Turbines
Installed: 1991

The independence provided by the CHP system allowed MBMC to continue operation
relatively unaffected during Hurricane Katrina in 2005. As soon as power reliability became
afactor MBMC performed a load shed, switched off of the power grid, and continued
operation in turbine-only mode. MBMC was the only hospital in the Jackson metro area to
remain nearly 100% operational. After approximately 50 hours, the power reliability issue
was addressed and MBMC connected to the power grid and returned to normal operation.

Source: htp:/fwww. HP-MBMC.pdf




CHP Applications:

Mission Critical Power System

University of Toledo Data
Center
Toledo, OH

Capacity: 260 kW
Fuel: Natural Gas
Prime Mover:
Microturbine
Installed: 2012

Source: http:

docs/CS CAP345 University Toledo_lowres.pdf

Questions?

Graeme Miller
Policy Analyst
gmille7@uic.edu

312.996.3711
John Cuttica Cliff Haefke
Co-Director Co-Director
cuttica@uic.edu chaefkl@uic.edu
312.996.4382 312.355.3476

US DOE Midwest Clean Energy Application Center
www.midwestcleanenergy.org

Tyl AR

CHP Applications:
Addressing Extended Power
Outages

Presbyterian Homes
Evanston, IL

Capacity: 2.4 MW

Fuel: Natural Gas

Prime Mover: Recip. Engines
Installed: 2001

‘Source: http://www.midwestcleaneneray org/profiles/ProjectProfiles/PresbyterianHomes. pdf




Combined Heat and Power (CHP)
Update on Security and Resiliency

Presentation to:
Energy Security Committee
NASEO Annual Meeting
September 5, 2013

John Cuttica
Energy Resources Center, University of Illinois at Chicago
&
U.S. DOE Midwest Clean Energy Application Center

Presentation Outline

CHP 101

CHP and Critical Infrastructure

CHP in Critical Infrastructure State Policies
CHP Case Studies

B T e o

Critical Infrastructure

Applications:
“Critical infrastructure” refers 0 Hospitals and healthcare
to those assets, systems, and centers

networks that, if
incapacitated, would have a
substantial negative impact
on national security, national
economic security, or national
public health and safety.”

0 Water / wastewater
treatment plants

0 Police, fire, and public
safety

0 Centers of refuge (often
schools or universities)

0 Military/National Security
0 Food distribution facilities
0 Telecom and data centers

Patriot Act of 2001 Section 1016 (e)

Infrastructure Resiliency

» Akey principle of disaster preparedness

« Ability to maintain operation despite a
devastating event

» CHP (if properly configured):
— Offers the opportunity to improve CI resiliency

— Can continue to operate, providing
uninterrupted supply of electricity and
heating/cooling to the host facility

What Is Combined Heat and Power?

CHP is an integrated energy system that:
¢ |slocated at or near a factory or building

— i
— heating,
— cooling or EI ° l

— dehumidification e
* Can utilize a variety of 9 = ity """ﬂ
technologies and fuels E' * -

¢ Generates electrical power
* Recovers waste heat for:

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Traditional System CHP System

Power Plant Electricity

=

Efficiency




CHP versus Backup Generation

System * Only used during emergencies * Designed and maintained to run
v continuously
Performance R
* Improved performance reliability
 Limited by on-site storage * Natural gas infrastructure typically
Fuel Suppl .
uelsupply not impacted by severe weather
e G * Lag time may impact critical . M?y be configured fur fllcker-.
. system performance free” transfer from grid connection
Grid Power i "
to “island mode’
* Electricity * Electricity
Energy Supply ¢ Thermal (heating, cooling,
hot/chilled water)
* Commonly burn diesel fuel  Typically natural gas fueled
Eo * Achieve greater system efficiencies
(80%)

* Lower emissions

Power Outage Cost Estimates

Superstorm Sandy

o Nearly $20 billion in losses from suspended
business activity

o gplit_al losses estimated between $30 to $50
illion

o Two-day shutdown of the NY Stock
Exchange, costing an estimated $7 billion
from halted trading

o Rutgers estimates economic losses of
$11.7 billion for New Jersey GDP

SOURCE:

m e _enabling_re
silient_energy_infrastructure.pdf

CHP Design for Reliability

0 One estimate states that over $150 billion per year is lost
by U.S. industries due to electric network reliability
problems

Source: https:, 1.eere.ener; i pdfs/chp_critical facilities.pdf
0 CHP systems designed for reliability will incur additional
costs ($45 - $170/kW depending on complexity of system)

0 These additional costs however provide important
reliability benefits to the site, and to the community at
large

Uninterrupted Operation Requirements

O Black start capability

0 allows the system to start up
independently from the grid

O Generators capable of X :
independent operation y =

0 the system must be able to operate without the grid power
signal

0 Ample carrying capacity
0 system size must match critical loads

O Parallel utility interconnection and switchgear
controls

0 the system must be able to disconnect from the grid,
support critical loads, and reconnect after an event

US DOE Regional Clean Energy
Application Centers (CEACS)

U.S. DOE Midwest Clean Application Center originally
established in 2001 by U.S. DOE and ORNL to support DOE
CHP Challenge

Today the 8 Centers promote the use of CHP, District Energy,
and Waste Heat-to-Power Technologies

Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market analysis & evaluation
— Education & outreach
— Technical assistance
o Midwest Website: www.midwestcleanenergy.org

Fuel Utilization by U.S. Utility Sector

ol 5L 1%

More than two-thirds of the
te power in

Matura G 16.6% 5. is lost as he

Source: http:/ eere. )_report_12-08.pdf




CHP Is Used at the Point of Demand

R

4,100 CHP Sites e s
(2012)
S LS
- - - o =1
81,800 MW — El La (i:;
ity Y oy ==

installed capac

Py
= o 9 “Rene
Saves 1.8 quads of | - 55' 5 o

\fuel each year - o .} L m ooy
“&“" e
Avoids 241 M metric -5'%"“ g& .
tons of CO, each year - e'}
N 5 o

87% of capacity — industrial | s 3 et A [
71% of capacity — natural E‘ 2 o
gas fired i N —

Source: ICF International

B Midwest Clean Energy Application Center

Favorable Characteristics for
CHP Applications

Concern about energy costs Future central plant
replacement and/or

Concern about power upgrades

reliability
Future facility expansion or

Concern about sustainability new construction projects

and environmental impacts
) EE measures already
Long hours of operation implemented
Existing thermal loads Access to fuel
Central heating and cooling

plant Facility energy champion

B, Midwest Clean Energy Application Ceater

CHP versus Backup Generation

0 CHP provides continuous benefits to host
facilities, rather than just during emergencies

0 CHP can result in daily operating cost savings

0 CHP offsets capital
costs associated with
investments in
traditional backup
power

B wiaw y Application Center

US DOE’s Clean Energy Centers Role

0 In February 2012, the US DOE’s Clean Energy Application
Centers formed a working group on CHP in Critical
Infrastructure

0 The working group and ICF International prepared a
report, published in April 2013, on CHP and Critical
Infrastructure for the US DOE, Oak Ridge National Lab

http://ww re.energ) ing/distr D hp_critical facilities.pdf

0 US DOE conducted a very successful webinar on April 3,
2013 on the topic of CHP’s Role in Critical Infrastructure
support

Source: http:, 1.eere.energ) ing/distr

FE U3, Dtoncnans v i
&, Midwest Clean Energy Apphcation Center

Critical Infrastructure CHP:
Texas and Louisiana

* CHP Requirements:

— Deemed feasible if it can provide a facility with 100% of its
critical electricity needs; primary source of thermal energy;

— Can sustain emergency operations for at least 14 days;

— Meets a minimum efficiency of 60%;

— Energy savings must exceed installation, operating and
maintenance costs over a 20-year period;

— CHP must be on-site.

Learn more at: http://www.txsecurepower.org/ or at
http://legiscan.com/LA/text/SR171/id/649813/L ouisiana-2012-SR171-Introduced.pdf

Critical Infrastructure CHP:

New York
« Eligibility:

— 50 kW to 1.3 MW systems;

— ONLY Fund CHP systems that can continue operations during grid
outages;

— Only systems installed at sites that pay the System Benefits Charge;

* All Investor Owned Utilities in New York pay the Systems Benefits Charge

— Flood zone applicants must meet a “high and dry” requirement*;
providing extra level of reliability in major storm events

— First-come, first-serve basis through December 31, 2016 §

Learn more at: http://www.nyserda.ny.gov/PON2568

*Lesson learned and new requirement added after Hurricane Sandy.

i o
Midwest Clean Energy Application Center




Critical Infrastructure CHP:
New Jersey

e 2008 NJ Energy Master Plan calls for 1,500
MW of CHP in NJ by 2020*.

— Reduce energy costs & capacity requirements
— Reduce emissions & improve grid reliability

*Post Sandy, the programs have been
amended to emphasize grid resiliency
benefits by awarding additional merit points
for being able to operate in grid island
mode and act as a place of refuge in a
long-term grid outage.

FL U, Dumsuans o Bramcr
Midwest Clean Energy Application Center

Example CHP Installations

e Other drivers exist for CHP projects than straight
economics

* Example CHP installations explore other drivers
(CHP serving critical loads)

¢ Case Studies (Project Profiles) located at
http://www1.eere.energy.gov/manufacturing/distributedener
gy/chp database/Default.aspx

e LS. Dvrsamiast oo Esamcy
1, Gull Caast Clean Encrgy Application Center

CHP Applications:
Disaster Relief, Hurricane
Sandy

New York
Presbyterian Hospital
Manhattan, NY

Capacity: 7.5 MW

Fuel: Natural Gas

Prime Mover: Combustion Turbines
Installed: 2009

CHP Applications:

Disaster Relief, Hurricane
Katrina

Mississippi Baptist
Medical Center
Jackson, MS

Capacity: 4.2 MW
Fuel: Natural Gas
Prime Mover: Combustion Turbines
Installed: 1991

CHP Applications:

Mission Critical Power System

University of Toledo Data
Center
Toledo, OH

Capacity: 260 kW
Fuel: Natural Gas
Prime Mover:
Microturbine
Installed: 2012

Source: http://www.capstoneturbine.com/_docs/CS_CAP345_University_Toledo_lowres.pdf

CHP Applications: asmon

o
Addressing Extended Power @ e - ﬂ
Outages L B S
Sheta s

Presbyterian Homes
Evanston, IL

Capacity: 2.4 MW

Fuel: Natural Gas

Prime Mover: Recip. Engines
Installed: 2001




Questions?

Graeme Miller

Policy Analyst

Energy Resources Center
University of lllinois at Chicago

US DOE Midwest Clean Energy
Application Center
www.midwestcleanenergy.org

gmille7@uic.edu
312.996.3711

f oot RS
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H!& Energy Resources ‘\ Clean Energy Application Center

Examining CHP Technologies

John Cuttica
Cliff Haefke
U.S. DOE Midwest Clean Energy Application Center
Univ. of lllinois at Chicago

Half Moon Seminars
Middleburg Heights, Ohio
June 2, 2011
P LS, Dt of Extscy
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Who are we?

U.S. DOE Midwest Clean Energy Application Center
Originally established in 2001 by US DOE to support DOE
CHP Challenge

Today the center promotes the use of CHP, District Energy,
and Waste Heat Recovery Technologies

Strategy: Provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Targeted education and outreach

; ; B
— Policy education = —
— Project support e Sen
Rty . ¥
www.midwestcleanenergy.org o a1 55
T e

U.S. DOE Clean Energy Regional
Application Centers (RAC)

DOE Clean Energy Application Centers: Locations, Contacts, and Web Sites

DOE Clean Energy
Application Centers

Program Contacts

Quick Recap of CHP Concept

Conventional Energy System

70 units thermal
rejected / lost

¢ Customer purchases power
from grid (central station)
« Power plant economy of scale
« 100 units input = 30 units of power
« Remainder of energy lost (heat)

100 units
fuel input

30 units electric




Conventional Energy System

20 units thermal » On-site generation of steam/hot
— rejected / lost water/hot air (boilers/furnaces)
fuel input . 80 units thermal « 100 units input = 60 to 80 units of heat
—_— —_—
Electricity, coal and wood chips

melt quartz in a large furnace

Furnace Tempe;'ature s: 3000°F

Conventional Energy System

20 uni » Customer purchases power
units thermal . i
rejected / lost from grid (central station)

100 units
fuel input 30 units electric « Power plant economy of scale
* 100 units input = 30 units of power

« Remainder of energy lost (heat)

20 units thermal « On-site generation of steam/hot
rejected / lost .

water (boilers/furnaces)
« 100 units input = 60 to 80 units of heat

100 units

fuel input 80 units thermal
—_—

« Typical grid power + onsite heat
« Efficiency depends on heat/power ratio
* 40% to 55% combined efficiency is
common

e

CHP System

Produce the power on-site and recycle the waste heat
from the prime mover

15 - 30 units thermal rejected / lost

100 units
fuel input 30 -35 units electric
—_—
Natural Gas
Propane
Biomass
Waste Products
Others 40 — 50 units thermal recovered

1

- 70 % to 85% combined
efficiency is common

o

The sequential Captures heat otherwise Central heating & cooling
production of useful wasted in an industrial / plants that incorporate
electric and thermal commercial process and electricity generation
power from a single utilizes it to produce along with thermal

dedicated fuel source electric power. These distribution piping
systems may or may not networks for multiple
produce additional buildings (campus /

thermal energy downtown area)

10

Electricity
On-Site Consumption
Sold to Utility:

Fuel

Reciprocating Engines
Combustion Turbines
Microturbines
Steam Turbines

Natural Gas
Propane
Biogas

Landfill Gas

Coal Fuel Cells
Steam
Waste Products Thermal
Others
Steam
Hot Water.

‘Space Heating

Process Heating

Heat Exchanger Shace Cooling

Pracess Cooling

Dehumidification:

Conventional CHP — Topplng Cycle CHP

= What drives system efficiency in a conventional
CHP system??

Ability to utilize as much of the thermal energy as possible + coincidence

between electric and thermal loads

= To ensure high system efficiency, how would you
size a conventional CHP system??

Size for thermal load and generate electricity when operating to meet the

thermal load

= What maximizes the effectiveness of a conventional
CHP system??

Long operating hours + max efficiency = max savings/effectiveness




Hot Water

Waste Heat to Power CHP — Bottoming Cycle CHP

Heat Engine
(Organic Rankine Cycle)

Tumumamy _FREE

e I

I Electricity
I On-Site Consumption
l \ Sold to Utility

| Heat Prime Mover

I P'ant EXChanger Steam Turbines h |

|| Process Steam Therma

I

I

Steam
Hot Water
Space Heating

Process Heating
Space Cooling
Process Cooling

A o

Waste Heat to Power — Bottoming Cycle
CHP

Fuel Input

— s Thermal Energy Output

-_. i

= No Additional Fuel Consumed
= No Additional On-Site Emissions
= May or May Not Generate Additional Thermal Energy

District Energy
CHP System

CHP System Configuration

Normal CHP Conf|gurat|on

= CHP Systems are Normally Installed in Parallel with
the Electric Grid (CHP does not replace the grid)

= Both the CHP and Grid Supply Electricity to the
Customer

= Recycled Heat From the Prime Mover Used for:
— Space Heating (Steam or Hot Water Loop)
— Space Cooling (Absorption Chiller)
— Process Heating and/or Cooling
— Dehumidification (Desiccant Regeneration)

What Makes A Good CHP Appllcatlon’)

¢ Good Coincidence Between Electric and Thermal
Loads

« Large Cost Differential Between Electricity (Grid)
and CHP Fuel --- “Spark Spread”

¢ Long Operating Hours

Economic Value of Power Reliability is High

Installed Cost Differential Between a Conventional
and a CHP System (smaller is better)




Candidate Applications for CHP

Hospitals
Colleges / Universities
High Schools

Residential Confinement
High Rise Hotels
Fitness Centers

Food Processing Wastew
Farm Livestock Waste e

Digesters

Waste Water Treatment
Landfill Sites
Pulp & Paper Mills

Other
Biomass

Ethanol / Biodiesel Plants

Industrial Manufacturing
(chemicals, metals, non-
metals) — conventional and
waste heat to power systems

Installed CHP - 2009

85,000 MW at approx.
3,600 sites (Nationally)

Represents approx. 9% of
total US generating
capacity

Reduces Annual Energy
Consumption ~ 1.9Quads

Eliminates over 248 MMT
of CO, emissions annually

B
e

CHP Growth 1970 to Present

Lookmg at the Technlcal CHP Potent|al ‘
in Ohio (with Export)

A —

Huge

Opportunity!

Over 9 GW

CHP Generating
Capacity (MW)
o

E

Industrial  Comm

— — B

Total

Other

CHP System Sizes (Terminology)

System .
n .
Designation Size Range Comments
Mega 50 to 100+ MWe Very Large Industrial
Usually Multiple Smaller Units
Custom Engineered Systems
Large 10’s of MWe Industrial & Large Commercial
Usually Multiple Smaller Units
Custom Engineered Systems
Mid 10's of kWe to Commercial & Light Industrial
Several MWe Single to Multiple Units
Potential Packaged Units
Micro <60 kWe Small Commercial & Residential
Appliance Like

EX|st|ng CHP Installatlons in Ohlo

800+
700+
600+
500+
400+
300+
200+
100+

0,

CHP Generating Capacity
(MW)

Industrial

Comm

Other Total

BaS|c CHP Components

Prime Mover that generates mechanical energy
— Reciprocating Engine
— Turbine (Gas, Micro, Steam)

— Fuel Cell
Generator converts the mechanical energy into electrical

energy

Waste Heat Recovery is one or more heat exchangers that

capture and recycle the heat from the prime mover

Thermal Utilization equipment converts the recycled heat
into useful heating, cooling, and/or dehumidification

Operating Control Systems insure the CHP components

function properly together




Picture Courtesy of Caterpillar

Two Types of Reciprocating Internal
Combustion Engines

= Spark Ignited — Otto Cycle Engines

—Utilizes Gaseous or Easily Vaporized Liquid
Fuels

= Self Ignited — Compression Ignited — Diesel Cycle
Engines
—Utilizes the Full Range of Liquid Petroleum Fuels
— (Distillate through Residual)

i P L
Reciprocating Engines - Spark Ignited
Four-Stroke Engine

Intake Compression  Ignition Exhaust

Source: GTI Textbook ( Natural Gas-Fueled Cooling
Technologies and Economics )

Spark Ignited - Four Stroke Reciprocating
Engine

= Power Generated Thru a Series of 4 Combustion
Stages

— Air / Fuel Intake
— Compression

— Ignite / Power
— Exhaust

= Two Crankshaft Revolutions to Complete Power
Cycle

Reciprocating Engine Characteristics

= Advantages = Disadvantages
= Low Capital Cost = Atmospheric Emissions

Good Electrical Efficiencies (30% = Noisy / Vibrations

to over 40% LHV) = Frequent Maintenance Intervals
Quick Startup (annual maintenance costs --
.007 to .015 $/kWh

Excellent Load Following & Good
Part Load Efficiencies

Proven Reliability

Significant Heat Recovery
Potential

Typical Range 5 kW — 10 MW




Recip. Engine Emissions Control

= Two Methods of Emission Control
— Reduction via Control of Combustion in
Combustion Chamber
eLean burn
— Reduction via After-Treatment of Exhaust Gas
« Catalytic converters (3-way, oxidation, SCR)
* Thermal reactors (oxidize CO, HC)

Industrial Turbine
Solar Turbine 7 MW — 2ft Diameter

Capstone Micro-Turbine
30 KW

Industrial Gas Turbine

= Available Size Range: 500 kW - Hundreds of MW
= Typical for CHP: Several MWs to Tens of MWs
= Efficiency Range: 25% to 40% LHV (Simple Cycle)
= Typically 3 Configurations:
—Simple Cycle (Most Common in CHP)
—Recuperated
— Combined Cycle

= Thermal (Recoverable) Energy:
—Exhaust Gas @ 900 °F to 1100 °F

— Excellent for High Grade Steam @ 150 psig and Higher

For More Information
= Caterpillar

= Waukesha
= Cummins
= Wartzila

= Jenbacher ~ Waukesha

= Fairbanks-Morse

Jenbacher

< 0. BT NS
How a Gas Turbine Works (5 steps)

1. Intake Air —working
fluid (Atmospheric)
2. Compress Air

3. Heat Up the Air by
Burning Fuel -
Combustor

4. Re-Expand the Hot Air
Over Turbine Blades

5. Exhaust Temperature

e s PR L PN Lo
What Effects Gas Turbine Performance

= Part Load Performance -- disadvantage

Figure 2. Part Load Power Performance

Part Load Performance.

Efmciency 41

Source: EEAICE




What Effects Gas Turblne Performance
= Ambient Air Conditions -- disadvantage

Figure 3. Ambient Temperature Effects on Performance

Impact of Amblent Temparaturs

Chart

compares
to  —>

operation

at 1ISO
conditions
of sea level
and 59°F

Percont (%1

Power decreases due to decreased air flow mass rate (density of air
declines as temperature increases)

Efficiency decreases because the compressor requires more power
to compress higher temperature air
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Summary

= Combustion Turbines are small and light-weight

= Main Components: Compressor, Combustor,
Expansion Turbine

= Performance is greatly affected by altitude, ambient
temperature, turbine load, cycle operation

= Various emissions control technologies exist (ie.
burner modifications and exhaust gas treatments)

Microturbines

= Small Turbines with Recuperation
= Capacity Range: 25 kW to 500 kW
= Efficiency Range: 25% to 30% LHV
= Recoverable Heat:
— Gas Exhaust @ Approximately 500 °F
= Variety of Fuels:
—Natural Gas
—Propane

— Bio-derived Gas (landfill, sewage treatment, animal
waste)

= Low Emissions: < 0.49 Ibs/MWh or 9ppm

Picture Courtesy of Capstone

Power = Torque X Speed
15,000 to 20,000 rpm

Microturbine Basics

= Consist of a compressor, combustor, turbine and

recuperator
The Capstume Turbogenerator

“‘ i o
r=aey

Adding Heat Recovery

= Most equipment compatible for use with heat recovery




Microturbine Examples

= Capstone Turbine Corporation
— 30 kW & 65 kW, 200 kW
— Special biogas capable models available

= Ingersoll Rand Energy Systems
— 250 kW
— Uses gaseous fuels with wide range of energy
content (350 to 2500 Btu/scf)
= Elliott Energy Systems
— 80 kw

= Bowman Power Systems
80 kW

= Turbec
— 100 kW

Fuel Cells
HEAT AND
WATER
—

S cLean

Standard Power:
480 Volts, 3 phase,
3 wire, 60Hertz

_ EXHAUST
i !
: - ﬁ

Source: Midwest CHP Application Center

Fuel Cells

= Electrochemical Process (no direct combustion of
fuel)

= Hydrogen and Oxygen lons thru an electrolyte to
generate electricity (DC) and heat

= Similar to a battery in operating principal but can
continue to operate provided the availability of a
continuous fuel source.

ource: DOD Website: com

Internal fuel cell stack (similar in most systems)
Individual fuel cells comprise a fuel cell stack

Fuel Cells
Types and Attributes
PEMFC PAFC MCFC SOFC
Proton
Exchange Phosphoric Acid ng:)f:te Solid Oxide
Membrane
Sulfonic Lithium and Yitrium-
Electrolyte acid Orthop;c(:zphorlc potassium stabilized
in polymer carbonates zirconia
Charge . ; - .
Carrier il i &2 ©
1,200 F 1,300 - 2,000 F
TOperallng ol S2u High-Pressure High-Pressure
‘emperature | Warm Water Hot Water
Steam Steam
Cogeneration
Heat Minimal Modest High High
Efficiency <40% 35-45% 45-60% 45 - 60%
(LHV)
H Internal or Internal or
Reforming External External i o
Source: GTI




Which Prime Mover to Use

= Recip. Engine --- Hot Water / Low Pressure Steam

= Combustion Gas Turbines --- High Pressure Steam,
Usually over 3 to 4 MW in Capacity

= Micro-Turbines --- Fuel Flexibility, Relatively Small
Capacities

= Steam Turbines --- Large Industrials with Waste
Streams, Large Pressure Drop Requirements

= Fuel Cells --- Extremely Clean, Very Expensive

SN TS
Two Types of Generators

Induction Synchronous
Requires External Power Self Excited (Does Not Need
Source to Operate (Grid) Grid to Operate)

Contributes to Poor PF Can Assist in PF Correction

* When Grid Goes Down,
CHP System Goes Down

CHP System can Continue to
Operate thru Grid Outages

More Complicated & Costly
to Interconnect (Safety)

Preferred by CHP Customers

¢ Less Complicated & Less
Costly to Interconnect

Preferred by Utilities

- &‘ T

rgy)
= Steam and Hot Water
= Exhaust Gases

Gin Dt Buasree
Ot - I

“H 0. BN ESSSS
Thermally Activated Technologies

= Steam or Hot Water Heating Loops
= Absorption Chillers
= Desiccant Dehumidification




Electric Vapor Compression Cycle

= Compressor Raises Pressure of Refrigerant Vapor
= Refrigerant Liquefies in Condenser

= Refrigerant Boils in Evaporator — Cooling Chilled Water

Hot High i

ossso—s| Condenser |-Hous 10.000NG

Vapor Tower
_wm_..ﬁ

Liquid
Redrigerant
Compressor s sk
Cold Low | =
L— Pressure Evaporator «+ea— Chilled Water
Vapor

Caoling Tower

. ) g
= 2nd Stage

s Generator |
Condenser |

| 1st Stage #
‘ Expansion Generator

Valve ji)}| Heat
| Evaporator = Source

L h ST
¥ Absorber
b i Solution
Pump

Chilled Water Cooling Tower

Replace the compressor with the generator / absorber

56

Supply
Air

Return

ey

INSIDE Heat Exchanger Wheel

Supply
Air

Retum
e
(5]

QUTSIDE

Separates Latent from Sensible Load
Reduces Humidity & Reduces AC Load

1. Natural Gas
Fueled CHP
Systems

Waste Fuel
Direct Fired
CHP Systems

4. Biomass Co-
Fired
CHP Systems

2. Biogas Fueled

CHP Systems

(anaerobic
digesters)

5. Waste Heat
Recovery CHP
Systems

= Utilize Proven Technologies
= Employ Standard Design Practices
= Incorporate Good Maintenance Practices

CHP Is More a Financial and Regulatory
Risk

10
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CHP Regulatory Requirements

= Grid Interconnection --- Lack of Standards
= Utility Standby / Backup Rates
= Environmental Permitting (over 1 MW)
— Air Permitting
— Water Permitting
= Other Permitting Requirements
— Local Codes
— OSHA

Case Studies

www.midwestcleanenergy.orqg

Project Profiles

Beloit Memorial Hospital — 3.0 MW
= Campus Operation —
District Energy System
= 2 - 1.5 MW Recip Engines

= Dual Fueled (diesel &
natural gas)

= 434 tons of Absorption
Cooling

= CHP system serves both
day-to-day and
emergency power

Contact Information
Energy Resources Center
University of lllinois at Chicago
John Cuttica
cuttica@uic.edu
312/996-4382
Cliff Haefke

chaefkl@uic.edu
312/355-3476

U.S. DOE Midwest Clean Energy Application Center
www.midwestcleanenergy.org

‘.}: gl . b : . -4
Lake Forest Hospital — 3.2 MW
Campus Operation —
District Energy System
4 — 820 kW Recip Engines
Natural Gas Fueled

Recaptures 3,600 Lbs/hr —
65 psi steam

525 tons of Absorption
Cooling

Annual Instantaneous
Power Outages —reduced
from 50 to 2

Dell Children’s Medical Center of Central

Texas i
= Solar Mercury 50 Combustion

Turbine (4.6 MW)

= Thermal applications: steam,
double-effect absorption
chiller, thermal storage

= First healthcare facility in the
world to achieve a LEED
Platinum certification by the
U.S. Green Building Council
(USGBC)... early 2009

11



Mississippi Baptist Medical
= Jackson, MS
= 1 -4.0 MW NG-fired turbine

= Hurricane Katrina
— 302,000 homes destroyed

— Approximately $125-250B
in damages
— 1,323 deaths

— 2.7M customers without
power

August 29, 2005
Hurricane Katrina
His Jackson, MS

-MPG Restored, but Unstable
-Load Shed Performed (1.2 MW Disconnected)
-Pumping Trucks Supply Water to Physical Plant

- Connection to
MPG Restored

3 hr | 57 hr|
1hr Shr
-Main Power Grid (MPG) Failed
-Alternate Power Grid
-City Water Lost - 52 hrs of 100% operation on CHP
- Only Hospital in the Jackson Metro Area
to be Nearly 100% Operational!!
-Power Reliability Problems
-Switched to CHP Operation Only
_Elevators
of MRI

“B . B W,

Value of CHP at MBMC

= Remained open and treated a high volume of
patients

= Provided clothing, food, and housing for displaced
patients during the first night of the disaster

= Opened a round-the-clock day care to allow
employees to focus on patient care

L e ‘Was )
Broshco Fabricated Products — 4.55MW

= Auto Seat Frame Mfgr.
= 4 - 1.1MW Recip Engines
= 8MMBtu/hr Hot Water

— Process tanks

— Boiler Heat

— Make Up Heat for Plant L&
Operations

= Natural Gas Fueled

= Landfill %2 mile away
supplies fuel

= 12 — 30 kW microturbines
= Gas clean up required

“H 0. BRI
Hunter Haven Farm — 260kW

800 Cow Dairy
2 — 130kW Recip Engines
1.5 MMBtu/hr Hot Water

Anaerobic Digester —
Biogas

Solid Digestate — Cow
Bedding

Liquid Digestate — Fertilizer

Use Wet DGS from Ethanol
Plant for Cow Feed

12




Snapshot of the

Cogeneration/CHP Market
and Industry Trends -

2011 MCA Conference | B

October 11, 2011 |
Cliff Haefke ‘ —

‘ Midwest Clean Energy Application Center
=4 "

‘- » *‘ LS. Derastment ofF Exercy \

|
A

www.miawestclieanenergy.org

Over 35 GW of New CHP Capacity
Has Been Installed Since 1995

Capacity Additions 1995 to Present

Cumulative Capacity Additions (GW)

40
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

New CHP Capacity Additions Have
Been Below 1 GW/Year Since 2006

Midwest

R | n

2006 2007 2008 2009 2010

Annual Capacity Ad[

g

g

Installed Capacity (MW)
g

Annual Capacity Additions (GW)
w

Acknowledgements

Based on work supported by:
DOE’s Industrial Technology Program
EPA’s Combined Heat and Power Partnership

ICF International

But CHP Growth Has Slowed
Since 2005

Net Capacity Growth, 1995 to Present

100

Retirements

Cumulative Capacity (GW)

Why the Downturn in the CHP
Market?

Excess generation capacity in many -'
regions

Changes in wholesale power market
rules

Lingering effect of volatile natural gas
prices

Price (spark spread) uncertainty

Financial crisis




Current Market Conditions -4

O Most activity in states with favorable regulatory
treatment and/or specific incentives

O Natural gas CHP in areas with supportable spark
spread (Northeast, Texas, California)

© Biomass and opportunity fuels in Southeast, Midwest and
Mountain

© “Hot” applications: universities, hospitals, waste water
treatment, other institutional applications

© Growing interest in waste heat to power applications

Can Smart Grid provide opportunities

Agriculture & Waste Represent 50% of New
Number of CHP Installations in Midwest since 2005

Food Processing

P 2 Project: .
5 ;Jt‘“t‘% "ol pulp and Paper Midwest
rojects 2 Projects
District Energy Other Industrial CHP

2 Projects 5 Projects Capacity
Chemicals  Additions:
13 Projects 2005-2011

Other Comm / Inst / Govt
8 Projects

Universities
5 Projects Refining
Hospitals 1 Project

2 Projects

Waste / WWTF
11 Projects

Ag

38 Projects

CHP Is Used at the Point of Demand

3,700 CHP Projects

558 CHP Projects

Saves 1.8 quads of

fuel each year

CO, reduction =
removing 430 GW coal plants

CO, reducation =
removing 42 million cars

Industrial Type Users Represent 63% of
New CHP Capacity in Midwest since 2005

Utilities Food Processing

24 MW i
50 MW Pulp and Paper Midwest

47 MW CHP

District Energy CapaCity
69 MW Additions:
2005-2011
Other Comm / Inst / Govt
R W
Universities
3MW Other Industrial
Hospitals 79 MW
1MW
28 MW

Chemicals

Refining 129 MW

Market Development — Emerging
Drivers

O Growing recognition of CHP benefits by state
and federal policymakers

O Upward pressure on electricity prices

O Favorable natural gas outlook

O Others

Existing CHP Installations

Installed CHP Capacity [MW) .
0300 | ELRIT RN  FIUNELA  [TOREY *




Technical CHP Potential

Potential CHP Capacity (MW)
B Elvwc-ase [ sea-s

oosor [ 0 o A

Policy Issues and Trends
Growing recognition of CHP benefits by state
and federal policymakers
Pending Federal Initiatives

Modifying existing 10% CHP ITC

Promote rate-basing of behind the meter energy
efficiency investments through increased tax
incentives

State Initiatives

Seventeen (17) states include CHP or waste energy
recovery in portfolio standards

Pending Regulation/Legislation

New criteria pollutant emission standards could
increase electricity prices and impact non-utility
boilers

Utility Boiler MACT

Other utility rules

ICI Boiler MACT
EPA is proceeding with greenhouse gas emission
standards

CHP recognized as an efficiency measure

Energy legislation
»

How will CHP be treated in a national Clean Energy |/ )
\\
| >

CHP Is a Cost-Effective Source of New
Power (example shown for ohio)

Cost of Delivered Electricity - Ohio

Ti Thermal Credit
- =R e}
[ = Fuel
i ooam

120 1 W Capital

SmallCHP  Medium  Large CHP Industrial Wholesale High Load Low Load Deivered ~ Wind  Rulverized  Natural
cHp Export  Power  Factor  Factor  Energy Coal Gas
Frice Retail Retal  Eificiency Combined

States that Include CHP/WHP
in Portfolio Standards
y

-

[[] wmandatory rRPS

= Mandatory RPS/EPS
with CHP/waste heat

D Voluntary RPS with
CHP

Source: EPA CHP Partnership

Pending Emission Regulations

EPA proposing updates to at least 6 regulations affecting
coal-fired power plants — compliance deadlines in next 7 yrs

Could impact as much as 40,000 MW of coal-fired electric
generation

Forced retirements / replacements
Investment in compliance controls

Result will be significant investment by Utilities and upward
pressure on electric prices (20% projected in some affected
markets)




Rules Effecting Utility Sector

(“at risk” coal generation by region)

Source: ICF 2010

L .

U.S. Shale Gas Resources

Henry Hub Gas Prices Will Average
Between $5 and $7 per MMBtu

o We have more than
doubled the U.S. and
Canada shale resource to
1,900 Tef over the prior
level of 825 Tcf.

© With 1,500 Tcf of gas in the
supply curves at or below
$5.00, the current U.S and
Canada natural gas
consumption level of 27
Tcf per year, could be met

Average Annual Natural Gas Prices at Henry Hub (2008$/MMBtu)

B
i
i
i
H
i
i
T
i
i
i
H
H
H
i

for another 55 years at £
attractive prices. &4
© The full potential of 5t
natural gas from 0l T S
unconventional formations a B SEUOTILEC NS NNRINERELREHRRR
(including shale) will BEEZRAREEREARAR22RFEARGR5RR2

subject to environmental
concerns, land access
restrictions, and drilling

@ 2000 1CF Intermational. Al tigats
reserved.

Other Electric Industry Market Indicators

0 Supply margins are declining and as demand is
recovering

— Need significant infrastructure investment
— Estimates at $750 — 900 Billion: exceeds current capitalization
~ Major baseload generation & transmission will be needed

o Transmission congestion is increasing

0 Aging transmission infrastructure

-~ 70% of transmission lines are 25 years or older

- 70% of power transformers are 25 years or older
. 60% of circuit breakers are more than 30 years old

Shale Gas Offsets Declines in Other
Resources

U.S. dry gas (trillion cubic feet per year)
30 History 2009 Projections

25

20 Shale gas

15
Non-associated onshore

10

Tight gas
5

2%

1995 2000

9%

Associated with oil Alaska
2005

2015 2020 2025 203

0 -

2010

EIA’s Projections for Natural Gas Prices are
Significantly Lower than Previous AEOs
Natural gas spot price (Henry Hub) 2009 dollars per million Btu

2009

10  History Proj S

Updated AEO2009
2010

7/ AE02011

9
8
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2
1
0
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Re-emphasizing Positive
Impacts and Benefits

Enhance U.S. energy security by reducing our national energy
requirements and help businesses weather energy price volatility
and supply disruptions

Advance U.S. climate change and environmental goals by
reducing emissions of CO2 and other pollutants

Improve business competitiveness by increasing energy
efficiency and managing costs

Increase resiliency of U.S. energy infrastructure by limiting
congestion and offsetting transmission losses

Diversify energy supply by enabling further integration of
domestically produced and renewable fuels

Improve energy efficiency by capturing heat that is /

e >

What if CHP Represented 20% of US
Generating Capacity in 20307

Historical CHP Capacity and Growth Meeded to Achleve 20% of Generation

« $234 billion private

T ) sector investment
£ e " + Nearly 1 million new
2 10 ‘__.-J’ jobs
g e r « Reduces fuel use and
it ”_A CO, emissions
PP PSPPI PP
2006 2030
CHP Capacity 85 GW 241 GW
Annual Fuel Savings 1.9 quads 5.3 quads
Total Annual €O, Reduction 248 MMT 848 MMT
Cars Taken off Road (Equivalent) 45 million 154 milllion
Soures: ORNL 2008

2,400 MW of Additional CHP
Capacity Is in the Pipeline

Annual Capacity Additions

Annual Capacity Additions (GW)
©

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011-
2013

Thank You

Cliff Haefke
(312) 355-3476
chaefkl@uic.edu

www.midwestcleanenergy.org

P US. Demsrment of ENercy

b\ Midwest Clean Energy Application Center

—

A program at A program sponsored by
UIC Energy Resources x serammens oo o E "
g Conler ENERGY roivin troty

Northern Border Pipeline \
Caompressor Station (CS-13)
What 5ro¢a@tquéve Bech

5.5 MW WHR CHP System
\ Installed: 2010 /




CHP Applications: The Ultimate in
Energy & Carbon Management
(Market Perspective)

John Cuttica
U.S. DOE Midwest Clean Energy Application Center
Univ. of lllinois at Chicago

2011 World Energy Engineering Congress

Friday, October 14, 2011

Session N4 — CHP/Power Generation

UIC Energy Resources
nter

et g
(COLLEGE OF ENGINEERING

g
[

-

LLS, Derasrtaint of Erancy

Clean Energy Application Center

The sequential
production of useful
electric and thermal
power from a single

dedicated fuel source

Fuel

Natural Gas
Propane
Biogas
Landfill Gas
Coal
Steam
Waste Products
Others

Prime Mover

Reciprocating Engines
Combustion Turbines
Microturbines

Fuel Cells

Heat Exchanger

J

I
I
Steam Turbines I
I
I

Electricity

On-Site Consumption

Sold to Utility.

Thermal

Steam
Hot Water.
‘Space Heating
Process Heating
Space Cooling
Process Cooling

Captures heat otherwise
wasted in an industrial /
commercial process and
utilizes it to produce
electric power. These
systems may or may not
produce additional
thermal energy

The sequential
production of useful
electric and thermal
power from a single

dedicated fuel source

Process

"
i adkat =2 | A

Waste Heat to Power CHP — Bottoming Cycle CHP

FREE

Gases /7
x
aen

Heat

Plant Exchanger

Steam
Hot Water

| EIS

"’ el -

F ™y A

Generator

Electricity
On-Site Consumption

Sold to Utility

Prime Mover

Steam Turbines

Heat Engine
(Organic Rankine Cycle)

% \ Dehumidification

Thermal

Steam
Hot Water
Space Heating
Process Heating
Space Cooling

Process Cooling

Industrial Heat Recovery Opportunities

[ Metal and non-metal heating ]

[ Columns- Boilers ] Calcining |

Matal malting
Fluid Heating —— | Stesl

T,
800°F + = High Temp 3000°F

Drying [ Nonmetal melting |
[ Curing and Forming |




Waste Heat to Power Drivers

= WHP = No fossil fuel (capturing waste energy)

= WHP = No incremental emissions

= Like conventional CHP, power generated at load (DG)
= Base load generation — industrials operate 24/7

= Conventional equipment, little technical risk

= High temp WHP (> 800°F) is low hanging fruit industrial
= WHP qualifies under RPS in 11 states

“ 6' S e ot
Saves 1.9 quads of o'y ?‘ﬁ, °an,
fuel each year "g‘" e 34
- 3’3
P

Eliminates 250 M tons %
of CO2 each year

Over 35 GW of New CHP CapaC|ty
Has Been Installed Since 1995

Net Capacity Growth, 1995 to Present

Retirements ‘
~ .

Cumulative Capacity (GW)

0
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

New CHP CapaC|ty Addltlons Have
Been Below 1 GW/Year Since 2006

Annual Capacity Additions, 2000 to Present

~

>

Annual Capacity Additions (GW)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Why the Downturn in the CHP
Market?

= Excess generation capacity in many
regions

= Changes in wholesale power market rules

= Lingering effect of volatile natural gas
prices

= Price (spark spread) uncertainty
= Financial crisis

Market Development — Emerging
Drivers

= Growing recognition of CHP benefits by state
and federal policymakers

= Upward pressure on electricity prices
= Favorable natural gas outlook
= Others




Federal Support for CHP

= Investment Tax Credit
—10% on first 15 MW
— 5 year depreciation
= Option to claim ITC through a grant program
(ARRA)
» House and Senate Proposals
—ITC eligibility from 15 to 25 MW
—30% ITC (high efficiency projects)

Pending Emission Regulations

= EPA proposing updates to at least 6 regulations affecting
coal-fired power plants — compliance deadlines in next 7 yrs
= Could impact as much as 40,000 MW of coal-fired electric
generation
— Forced retirements / replacements
— Investment in compliance controls
= Result will be significant investment by Utilities and upward

pressure on electric prices (20% projected in some affected
markets)

Source: ACEEE White Paper Avoiding a Train Wreck: Replacing Old Coal
Plants with Energy Efficiency.

14

Recent State Policies

* + Massachusetts: Alternative Portfolio Standard
requires CHP to be 4% of utility sales by 2018;

-
f\ Right of Way Law: Sell thermal, have right to
(‘ wheel power

a « North Carolina: CHP eligible for 35% renewable
investment tax credit up to $2.5M

« Wisconsin: Favorable biogas CHP selling rates to utilities
(i.e. WE Energies 15.5¢/kWh on-peak)

RrPe « 11 states include WHP as an eligible technology
in their state renewable portfolio standard

= . i

Recent State Policies
« California: enacted a CHP Feed-in-Tariff (FIT) for systems less than
20 MW and with excess power (AB 1613)
+ Add 4 GW of CHP by 2020 (Global Warming Solutions Act)

« Connecticut: (2006-2009) Incentive of $450/kW, capital cost
grants
* Minimum of 50% energy efficiency
« State to avoid federally mandated congestion charges

« Texas: CHP feasibility study required for all critical government
infrastructures prior to construction or major renovation (HB
1831, HB 4409)
. * Arizona: CHP is included in new Electric Utility EERS (20%

savings by 2020) AND in Gas Utility Energy Efficiency Rule
and Standard (6% savings by 2020)

U.S. dry gas (trillion cubic feet per year)
History 2009 Projections

30

25

20 Shale gas 45%

15

10

Tight gas 2004
5
7%
9
Alaska 1% 7 795

0. i i ‘wnh oil

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

Source: EIA, Annual Energy Outiook 2011




EIA’s Projections for Natural Gas Prlces are Slgmflcantly

Lower than Previous AEOs
Natural gas spot price (Henry Hub) 2009 dollars per million Btu
2009

Source: EIA, Annual Energy Outiook 2011

10 History Projections
9 Updated AE02009
8
7
6 AE02011
5
4
3
2
1
0
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 1

Almost 2 000 MW of Addltlonal CHP
Capacity Is Expected by 2012

Annual Capacity Additions, 2000 to 2010/2012

Annual Capacity Additions (GW)
©

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010-
2012

Based on projects under

Source: ICF CHP Database 3 . N
construction or in design phase

What if CHP Represented 20% of US
Generating Capacity in 2030?

Historical CHP Capacity and Growth Needed to Achieve 20% of Generation

i KR

2006 2030
CHP Capacity 85 GW 241GW
Annual Fuel Savings 1.9 quads 5.3 quads
Total Annual CO, Reduction 248 MMT 848 MMT Source: ORNL 2008
Cars Taken off Road (Equivalent) 45 million 154 million

John Cuttica
Energy Resources Center
University of lllinois at Chicago
DOE Midwest Clean Energy Application Center
312/996-4382
cuttica@uic.edu




Regional Clean Energy Application

Industrial Centers (RACs) .
Cogeneration / CHP U.S. DOE Midwest Clean fEnies
. Energy Application Center — el
AIChE e Originally established in 2001 by =
2011 Midwest Regional =0 -- " A DOE to support DOE CHP Challenge \.
Conference ' _-- - Today the center promotes the use of CHP, District

& Energy, and Waste Heat Recovery Technologies
November 11, 2011

Cliff Haefke Strategy: provide a technology outreach program to end
users, policy, utility, and industry stakeholders focused on:
P LS, DEPRTMENT OF ENERGY - Targeted education and outreach
ﬁ Midwest Clean Energy Application Center
). BY APP

-~

— Policy education

— Project support

DOE Clean Energy Application Centers: Locations, Contacts, and Web Sites

“Clean Energy” Technologies

Conventional CHP Waste Heat Recovery District Energy CHP

The sequential Captures heat otherwise Central heating & cooling
production of useful wasted in an industrial / plants that incorporate
electric and thermal commercial process and electricity generation
power from a single utilizes it to produce along with thermal
dedicated fuel source electric power. These distribution piping ~
systems may or may not networks for multiple &
produce additional buildings (campus /
thermal energy downtown area) DOE Clean Energy

Application Center:
i
A\

Program Contacts

Fuel Utilization by U.S. Utility Sector CHP Role in Our Energy Future

| units |
m Power Plant Electricity
35% efficiency
Boiler
80% efficiency

CHP

80% efficiency

More than two-thirds of the
fuel used to generate power in
Nl G 16 9% the US. is lost as heat

|

56

units

) i

45
units

L

CHP provides efficient, clean, reliable, i
affordable energy — today and for the future. (\

\”“ )

(




“Conventional CHP” Diagram
(i.e. topping cycle CHP)

7 vy __.

Fuel Prime Mover Generaor | | Electricity

Reciprocating Engines On-Site Consumption

Combustion Turbines

Natural Gas
Propane
Biogas
Landfill Gas

Microturbines Sold to Utility
Steam Turbines

Fuel Cells

Coal

Steam

Waste Products
Others

Thermal

Steam
Hot' Water
Space Heating
Process Heating
Space Cooling
Process Cooling:
Dehumidification

e
|

Waste Heat Recovery CHP
(i.e. bottoming cycle CHP)

,‘II,EE/EE 'Y
| e r 4 @] Electricity

x On-Site Consumption
1 ﬁ Sold to Utility

Prime Mover

Steam Turbines
Thermal

Heat Engine
(Organic Rankine Cycle) Steam
Hot Water

Space Heating

Process Heating

Space Cooling

Process Cooling
\ Dehumidification

What Makes A Good CHP Application?

Good Coincidence Between Electric and Thermal Loads
Central Heating/Cooling System

Large Cost Differential Between Electricity (Grid) and CHP
Fuel --- “Spark Spread”

Long Operating Hours
Economic Value of Power Reliability is High

Installed Cost Differential Between a Conventional and a
CHP System (smaller is better)

Renovation and/or expansion of existing facilities

Attractive CHP Markets

@206

Industrial Commercial Institutions Agriculture
Chemical Data centers Hospitals Concentrated
manufacturing Hotels and casinos Landfills animal feeding
Ethanol Multi-family housing Universities & operations
Food processing Laundries colleges Dairies
Natural gas pipelines Apartments Wastewater Wood waste
Petrochemicals Office buildings treatment (biomass)

Residential
Pulp and paper warehouses confinement
Rubber and plastics Restaurants

Supermarkets

Green buildings ( “K
\
\ B

Industrial CHP

Industrial applications of CHP generally
consist of electricity and heat production
with minimal cooling

Systems much larger than commercial
applications

Fuels may be natural gas, coal, or some
industrial waste product

Gas is often used as supplementary fi
particularly for industrial waste systems

CHP Technology Size Coverage

Gas Turbines Pz

Lean Bum Engines

Rich Bumn Engines EZ
Fuel Cells || ]| ] strong Market Pesition
7 Market Position
MicroTurbines ] Emerging Position
| ; :
10 100 1,000 10,000 100,000

Applicable Size Range, kW,

-—

N




Gas Combustion Turbines

— Similar to a jet engine as a stream of inlet air is compressed, heat
is added and then the high pressure outlet stream turns a
reaction turbine at high speed which in turn drives a generator

— Generally used for larger applications (>4MW)
— Good when high pressure steam is required

www.siemenswestinghouse.cdm

Steam Turbine

technologies still in use o
Steam turbines extract heat -]
from steam and transform it —
into mechanical work by

expanding the steam from high

pressure to low pressure M Frumes St
Size range: <1 MW to >500
MW

f—
Two types of steam turbines: 1 L

Cangerasr I

One of the oldest prime mover s

T anertos
echurics
evice
‘seam

=

T congensar, pup and

condensing and backpressure =i

) ==

Lower pressure
applications

Backpressure Turbine Example
East Kansas Agri-Energy, LLC

Option #1 Option #2
Pressure Reducing Valve (PRV) Steam Turbine Generator
(installed in parallel with PRV)
0,000 80,000 50,000
60,000 In/hr 190,000 e 60,000 bime
—
| 2 Boiler 30,000
40,000 fovhr Distlation | oy | 120pslg Steam | Distlaton |
L Ges | gimm | Turtine Pyccaes
P =
{ - ]{
Electricity*
Almospheric Almospheric.
Pressura
Evaporators Evaporators

Current Market Conditions -

Most activity in states with favorable regulatory
treatment and/or specific incentives

Natural gas CHP in areas with supportable spark
spread (Northeast, Texas, California)

Biomass and opportunity fuels in Southeast, Midwest and
Mountain

“Hot” applications: universities, hospitals, waste water
treatment, manufacturing, other institutional applications

Growing interest in waste heat to power applications

Can Smart Grid provide opportunities

Project inquiries increasing “ *
| &

Existing CHP Capacity Is Now at 82 GW

13%
Commercial / 81.7 GW of installed CHP at 3,700
Institutional 29% industrial and commercial facilities
6% Chemicals  (2011)

Other Industrial o8

"\ Avoids 1.8 quadrillion Btus of fuel
7% i
Other Mfg ‘ consumption annually

5%
Metals

Avoids 240 million metric tons of CO,
per year
CO, reduction equivalent to removing

8% 7’ 42 million cars from the road

Food = 189 ) )
o0 8% CO, reduction equivalent to
14% Refining -2 TN
Paper eliminating 43 1,000 MW
coal power plants
Source: ICF CHP Database

CHP Additions 2010-2011 (696 MW)

By State By Application
Other States Other Ind. 30
Oregon 62 MW Other Comml
19 mMw Texas 114 MW

395 MW Wood
19 MW

S. Carolina 20 MW
Mass 23 MW
Calif WWTP
alifornia 19 MW
. \ \
Nebraska h— '
35 MW
'47
Conn %Jﬂ /

Gov't
New York ) Hospitals 62

Refining 250
w

21 MW

Chemicals
38 MW

Multi-Fam
40 MW

College/Univ
142 MW

Source: ICF CHP Database




CHP Additions 2010-2011 (138 Sites)

CHP Additions by State CHP Additions by Application

Ohio Other States
New Jersey 4 30

winnesots
W\Sconsm \
Teas
penn
Mass

50"” Cahforma

Other Comm| Refining

20

| CuHEgE/
Office
Euumngs

Mult\ Fam

New York

Other \r\dus

Focd

Nursing Humes

ummes h

8 Hospvta\s www
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Pending Regulation/Legislation

O New criteria pollutant emission standards could
increase electricity prices and impact non-utility
boilers

— Utility Boiler MACT
— Other utility rules
~ ICI Boiler MACT

O EPA is proceeding with greenhouse gas emission
standards

— CHP recognized as an efficiency measure

O Energy legislation

— How will CHP be treated in a national Clean Energy

Standard?

Economy-Wide Industrial Breakdown
of Coal Fired Boilers

* Other manufacturing,
a% i

(Educational services

7%
Transportation manufacturing
2% Huspmn_/ o
2% David Gardines

o Associates, LLL

Market Development — Emerging Drivers

O Growing recognition of CHP benefits by state
and federal policymakers

O Upward pressure on electricity prices

O Favorable natural gas outlook

O Others

Coal-Fired Industrial Boiler Locations
(540 total)

Boilers, by state
|_| 0 bollers

B 15 boilers

B 510 boders
Bl 11-20 boders
B 2140 boilers

- 40+ boilers

Example Breakdown By Industry,
lowa (n=36)

Machine Suppaort activities ~
for agriculture
5%

pnanufacturing
11% ~

If each of these 36
boilers switched to
natural-gas-

fired CHP, there
would be statewide
savings of roughly
752 MW

David Gardine

e Moceiares LLL




Pending Emission Regulations

o EPA proposing updates to at least 6 regulations affecting
coal-fired power plants — compliance deadlines in next 7 yrs

0 Could impact as much as 40 GW of coal-fired elec gen
— Forced retirements / replacements
— Investment in compliance controls

o Result will be significant investment by Utilities and upward
pressure on electric prices (20% projected in some affected markets)

o Other factors impacting electric utilities

— supply margins and declining as demand is recovering
— aging transmission infrastructure

2
‘Source: ACEEE White Paper Avoiding a Train Wreck: Replacing Old Coal
Plants with Energy Eficiency

U.S. Shale Gas Resources

Niobrat

Henry Hub Gas Prices Will Average
Between $5 and $7 per MMBtu

o :‘z::::::rj;h:: " Average Annual Natural Gas Prices at Henry Hub (2008$/MMBtu)
Canada shale resource to
1,900 Tcf over the prior
level of 825 Tcf.

o With 1,500 Tcf of gas in the
supply curves at or below
$5.00, the current U.S and
Canada natural gas
consumption level of 27
Tcf per year, could be met
for another 55 years at
attractive prices.

O The full potential of
natural gas from
unconventional formations

—

(including shale) will —)

subject to environmental

concerns, land access reserved, ey ’— _—,

restrictions, and drilling

constraints (
o

Rules Effecting Utility Sector

(“at risk” coal generation by region)

Source: ICF 2010

Shale Gas Offsets Declines in Other
Resources

U.S. dry gas (trillion cubic feet per year)
30 History 2009 Projections

25

20 Shale gas
15
Non-associated onshore

10

Tight gas
5

o Associated with oil Alaska 1% 79%
- - - - : - Tasd - L
1990 1995 2000 2005 2010 2015 2020 2025 20304 2035
Source: EIA, Annual Energy Outiook 2011 ‘

EIA’s Projections for Natural Gas Prices are
Significantly Lower than Previous AEOs
Natural gas spot price (Henry Hub) 2009 dollars per million Btu
2009
10
9
8
7
6 /[ AEO2011
5
4
3
2
1
0
1990 1995 2000 2005 2010 2015 2020 2025 2030
Source: EIA, Annual Energy Outlook 2011




Positive Impacts and Benefits

Enhance U.S. energy security by reducing our national energy
requirements and help businesses weather energy price volatility
and supply disruptions

Advance U.S. climate change and environmental goals by
reducing emissions of CO2 and other pollutants

Improve business competitiveness by increasing energy
efficiency and managing costs

Increase resiliency of U.S. enerqgy infrastructure by limiting
congestion and offsetting transmission losses

Diversify energy supply by enabling further integration of
domestically produced and renewable fuels

Y
Improve enerqy efficiency by capturing heat that is normally” 4 *

wasted (\\ ‘/

=

Thank You

Cliff Haefke
(312) 355-3476
chaefkl@uic.edu

www.midwestcleanenergy.org

A US, Demstment oF ENERGY

‘\ Midwest Clean Energy Application Center

-
A program at A program sponsored by
UIC Energy Resources sx oo | By Effciency &
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Combined Heat & Power (CHP)

In the Food Processing Industry
When Does It Make Sense?

AIChE 2o
2011 Midwest Regional =S
Conference e

November 11, 2011
John Cuttica

# L US. Devastment of Exeroy
b\ Midwest Clean Energy Application Center

S

www.midwe eanenergy.org

CHP Role in Our Energy Future

m Power Plant Electricity
35% efficiency p
56 Fuel Boiler
units 80% efficiency
Combined Efficiency
~51%

CHP provides efficient, clean, reliable, J
affordable energy — today and for the future. (
\

CHP
80% efficiency

i

Combined Efficiency
~80%

Best Practices for CHP

What drives system efficiency in a CHP
system??

Ability to utilize as much of the thermal energy as possible +
coincidence between electric and thermal loads

To ensure high system efficiency, how would you
size a CHP system??

Size for thermal load and generate electricity when operating to
meet the thermal load

What maximizes the effectiveness of a CHP
system??

Long operating hours + max efficiency = max |
: savings/effectiveness \ »
\, -

Combined Heat and Power (CHP) Diagram

VN A7 A"

Prime Mover Electricity

Fuel

On-Site Consumption

Reciprocating Engines
Combustion Turbines
Microturbines

Steam Turbines

Fuel Cells

Heat Exchanger |:>

Natural Gas
Propane

Biogas

Landfill Gas
Coal

Steam

Waste Products
Others

Sold to Utility

Thermal

Steam
Hot Water
Space Heating
Process Heating
Space Cooling
Process Cooling
Dehumidification

Financial Impact of CHP Heat Recovery

$0.15
32% Efficient Engine Generator

B
(3

J 500 Brubh

No Heat Foec/
1,500 B

AN _,,.—-“"H"
%ﬂom«m

,_--"'"-H-r._

'_,_.—-—'—'_"

o.wo BRuAih

Cosl of Ebectricity (S/KWh)
8
]

-]
2

000
$0.00 5200 $4.00 $5.00 $8.00 $1000

Cost of Gas (SMMBtu)

CHP Role in Our Environmental Future
Impact on Carbon Emissions

TOTAL
TRADITIONAL SYSTEM @ EMISSIONS @ CHP SYSTEM

-\Tuns ear KTons/year

1&5 IbMMEt L
- 2 ELECTRICITY
or
m- 17 BMMS
117 IMMEt

Source: http://www.chpcentermw.org/pdfs/ORNL_Report_Dec2008.pdf



Normal CHP Configuration

CHP Systems are Normally Installed in
Parallel with the Electric Grid
(CHP does not replace the grid)

Both the CHP and Grid Supply
Electricity to the Customer

What are the Customer Benefits of CHP?

CHP does not make sense
in all applications, but where
it does make technical and
economic sense, it will
provide:
Lower Energy Costs
Reduced Energy Consumption
Increased Electric Reliability
Standby Power
Improved Environmental Quality
Public Relations Benefits

Food Processing Industry
One of the largest mfgr. sectors in North
America
Over 10,000 facilities in the U.S.
5t largest Industrial user of energy
Approx. 13™ in mfgr. output in the U.S.
Over $200 Billion industry

U.S. Industry accounts for approx.
26% of the world output

Anaerobic Digesters & Biogas Utilization

Heating

lo displace
natural Heat l‘" * CHP Prime
g Exchanger | S€"'“Y  Mover

' displace '
natural gas /

propane

I
r Biogas (renewable energy)

w |:> Solid Digestate (soil amendment)
|:> Liquid Filtrate (liquid fertilizer)

CHP Drivers for Food Processing

Energy Intense Industry
Food Safety --- large thermal energy needs

Power Reliability --- sustainability, avoid
power loss costs

| & More Efficient Water Usage --- waste water !
; _ management

Environmental Stewardship --- good
neighbor

Year Round Operation

Residual fats |
Rape seed cake |
Flotated fats |
Food waste |
Corn silage |
Grass silage 1. Cut
Corn silage (pasty) : C
Brewers grain |
Bio waste hio-bin
Green waste |
Grass 1.Cut |
Sugar beet silage ]
Vinasse pm=——
Beets mET—
Fooder beet ]
Whey :-::I

Poultry ]
Pig manure =1
Cattle manure |1

T
100 200 300 400 500 600 700

m3 Gas /to Substrate
Source: Engineered Storage Products Inc.

o




Co-Digesting (Mixing Feedstocks)

Co-digesting different organic wastes can increase
biogas production, but care must be taken to understand
the characteristics of the combined feedstock.

Can effect the quality of the effluents
Can impact permitting requirements

Is the feedstock you expected the feedstock you
actually received

Not understanding the characteristics and/or volume
added can severely damage the digester

CHP in the Food Industry
235 existing sites — 6.3 GW

Existing Applications Technical Potential

Gen. ()
Fruits & 2,731 30
Vegetables
Grain & Corn 969 26
Processing
Sugar, Candy, 707 43
Gum, Nuts
=0-20sites 2160 sites

Seafood, Ice, 509 15
Prepared Foods . 61-100 sites . 100 sites
Beverages 434 30 | |
Dairy Products 149

; =
Oils 122 16 a

Meat 94 10 ( *
Baki 27 16 \ ‘
akery \ -

MillerCoors Brewery

20 MW Steam Fired Turbines

Three GE extraction steam Brewery produces 1.5
turbines, 800psig in — million gallons of beer per
400psig steam refrigeration day

and 50psig process Half the pollution of

20 MW base and 20 MW conventional electric power
peaking plant

CHP Is Used at the Point of Demand

g e o AR
iE - ¥ 2
Saves 1.9 quads bf 0o ?,a : o
fuel each year b B o ok
pail F % §P .

= Rl
. e
»

Eliminates 250 M tons of
CO2 each year

' P
p = .
b . : e L A
3 e e Y [

o A

Frito-Lay Killingly
4.5 MW Natural Gas Fired Combustion Turbine

Solar Centaur 50 gas turbine Provides about 90% of

with HRSG electrical demand and
Produces 325 psig steam upto  80% of the steam load
Plant processes >
250,000 Ibs/day corn &
potatoes for snack foods

60,000 lbs/hr
NOx levels < 2.5 ppm
Can operate independent of grid

New Belgium Brewery

290 kW Anaerobic Digester Biogas CHP System

On site waste water treatment with anaerobic digestion

CHP starts when biogas storage nears 100% capacity
and turns off at about 20% capacity (10 to 15 hours per
day)

Waste heat used to heat the digester (summer heat is

rejected)
= Justified on: City waste water

cost reduction; renewable
energy production; energy cost
savings; environmental
sustainability




W2E Organic Power

Community Digester CHP System

Location: Columbia, SC
Feedstocks: 48,000 tons/yr food waste (70%),

grease solids and liquids (25%); yard trimmings (5%)

Status: long term feedstock contracts secured,

permitted site, PPA’s in place, construction underway

Digester Partner: Eisenmann

Total Project Cost: $25M
Start Up: Fall 2012

Source: Eisenmann

UIC Energy Resources |
- C_En1_er_ ; |

Thank You

John Cuttica
(312) 996-4382
cuttica@uic.edu

www.midwestcleanenergy.org
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Introduction to
Combined Heat & Power (CHP) and
Waste Heat Recovery (WHR) Technologies

Congressional Educational Briefing
November 17th, 2011

John Cuttica
Energy Resources Center
University of lllinois at Chicago

Combined Heat and Power

Conventional CHP

The onsite sequential
production of useful
electric and thermal
power from a single
dedicated fuel source

Traditional Energy System vs.
Conventional CHP System

CHP
80% efficiency

56
units

S
LA |
45
units
Combined Efficiency Combined Efficiency
-51% -~ 80%

Traditional Energy Systems

L units
M Power Plant Electricity
35% efficiency
| Boiler/Furnace
80% efficiency

56
units

Combined Efficiency
~51%

Conventional CHP System

L uni's J
|
Electricity

CHP
809% efficiency

45
units

Combined Efficiency
~80%

Combined Heat and Power

Waste Heat Recovery

Conventional CHP

The sequential Captures heat otherwise
production of useful wasted in an industrial /
electric and thermal commercial process and
power from a single utilizes it to produce
dedicated fuel source electric power.




Another Form of CHP =
Waste Heat Recovery,

Capture the
exhaust gases
to generate
electricity!!!

Exhaust gases
entering the
atmosphere!

Consume on-
site or sell to
the grid...

Saves 1.8 quads of
fuel each year A
TR
=3

Eliminates 240 M tons of '_
CO2 each year

CHP/WHR is an

Underutilized Resource!!!

Getting to 20% by 2030

Good Federal Policies
Favorable Recognition at the State Level
Accepted (Tolerated) by Electric Utilities

Educating End Users & Federal/State
Representatives

Technology Advancements

Positive Impacts and Benefits

Enhance U.S. energy security by reducing our national energy
requirements and help businesses weather energy price volatility
and supply disruptions

Improve business competitiveness by increasing energy
efficiency and managing costs (maintain jobs)

Increase resiliency of U.S. energy infrastructure by limiting
congestion and offsetting transmission losses

Diversify energy supply by enabling further integration of
domestically produced and renewable fuels

Improve enerqy efficiency by capturing heat that is normally
wasted

What if CHP Represented 20% of US
Generating Capacity in 20307
Historical CHP Capacity and Growth Needed to Achieve 20% of Generation

» $234 billion private sector
investment

250,000

« Nearly 1 million new jobs

* Reduces fuel use and CO,
emissions

I T T

CHP Capacity 81.7 GW 241 GW
Annual Fuel Savings 1.8 quads 5.3 quads
Total Annual CO2 Reduction 240 MMT 848 MMT

- Cars Taken off Road (Equivalent) 42 million 154 million -

Thank You

John Cuttica
(312) 996-4382
cuttica@uic.edu

www.midwestcleanenergy.org

UIC Energy Resources
S i Genter

COLLEGE OF ENGINEERING




CHP using Biogas & Biomass Fuels

Distributed Electricity and Renewable Electricity Panel

Illinois 25x'25

Renewable Energy Forum 1) ___'- =

November 18, 2011
Cliff Haefke

P US. Demsrment of ENercy

'b\ Midwest Clean Energy Application Center

—

www.midwe eanenergy.org

Fuel Utilization by U.S. Utility Sector

o8t
More than two-thirds of the
fuel used to generate powet in
Mt o 16 the US. is lost as heat
P ~
b Canes

Mo Bl P

[Wemer——

.
f #g
The energy lost in the U.S. from wasted heat in the utility *
\ ._‘/

i

Regional Clean Energy Application
Centers (RACs)

|
U.S. DOE Midwest Clean S I
Energy Application Center — T T
Originally established in 2001 by EmE R,
DOE to support DOE CHP Challenge \

Today the center promotes the use of CHP, District
Energy, and Waste Heat Recovery Technologies

Strategy: provide a technology outreach program to end
users, policy, utility, and industry stakeholders focused on:

— Targeted education and outreach
— Policy education
— Project support

Key Part of Our Energy Future is CHP

Form of Distributed
Generation (DG)

An integrated system I ELECTRICITY

Located at or near a J
e [
-

building / facility
1) Efficiency

Traditional System CHP System

CHP

\
Efficiency

CHP provides efficient,

Provides at least a
portion of the
electrical load and
Recycles the thermal
energy for

Space Heating / Cooling clean, reliable,
affordable energy —

Process Heating / Cooling

Dehumidification UBEEY | (8 (e

future.

CHP Using Biomass/Biogas Fuels

- Electricity
» Steam Recovered
Dry Waste Boiler

Heat

Crop Residue Steam Turbine
Food Processing Waste Landil — Landfill
ndfil .
Municipal Solid Waste Gas Electricity
Combusti
Wood and Wood Waste - Ur""v'l‘wfs ion - —p
Biomass
Turbi
—> Gas wome Recovered
- - Recip Engine Heat
Gasifier >
ﬂ Fuel Cell
Moist Waste
Digester
Sludge Waste > Cas
Farm Waste
Food Processing Waste Anaerobic
Digester

Heat and pporuniy Fuels

Source: htp i chpcentermu. orgIpdfS/ORNL_Report Dec2008 pd

Positive Impacts and Benefits

Enhance U.S. energy security by reducing our national energy
requirements and help businesses weather energy price volatility
and supply disruptions

Advance U.S. climate change and environmental goals by
reducing emissions of CO2 and other pollutants

Improve business competitiveness by increasing energy
efficiency and managing costs

Increase resiliency of U.S. enerqgy infrastructure by limiting
congestion and offsetting transmission losses

Diversify energy supply by enabling further integration of
domestically produced and renewable fuels

Improve energy efficiency by capturing heat that is normall
wasted




lllinois Biogas/Biomass Potential (MW)

|II|n0|s Potential = 6,851 Megawatts

10,000
E 1,000
% 467 WWTFs 43 landfills 1181 farms
£ 100
°
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lllinois DCEO Biogas/Biomass Program

by UIC/ERC

Six (6) projects awarded
totaling $580K

Feasibility Studies:

1. Agriculture Watershed Institute (AWI)

2. Hunter Haven Farms

$2,500 3. John Deere Harvester Works
Biogas to Energy

Systems: 4. Packer Engineering
$225,000 (up to 50%) N
Biomass to Energy 5. Village of Fox Lake - WWTF :
Systems:

$500,000 (up to 50%) 6. WWTF(contract pending)

N

lllinois Activity Development

lllinois Electric Cooperatives
showing interest in biogas CHP
applications (AIEC)

2009 Workshop (Springfield)
2010 Workshop (Onarga)
2011 Biogas Feedstock Study

2012 Workshops Planned
(Effingham, Macomb)

EPA Region 5 Interest in lllinois
Community Digester

Market Development — Emerging Drivers

Growing recognition of biogas, biomass, & CHP
benefits by state and federal policymakers

Upward pressure on electricity prices

Emissions regulations impacting

non-utility boilers Rules Effecting Utility Sector
(“at risk” coal generation by region)

Favorable natural gas L

outlook =

Others

Thoughts on Biogas/Biomass
CHP Policy Barriers

Federal policy activities
Renewable ITC going away (applications due 12/31/11)
Protecting Farm Bill Section 9007 (REAP)

Potential state policy actions
Property tax exemptions (ex: Wisconsin)
Streamline interconnection policies
Long term Power Purchase Agreements
Greater recognition in RPS "

Thank You

Cliff Haefke
(312) 355-3476
chaefkl@uic.edu

www.midwestcleanenergy.org

P US. Demsrment of ENercy

ﬁ Midwest Clean Energy Application Center
) L} o 4

-
A program at A program sponsored by
WIC Energy Resources E £t &
72 Center ENERGY rtoe cooty




Industrial/Commercial/Institutional Boiler MACT

Combined Heat and Power
A Technical & Economic Compliance Strategy

January 17, 2012
John Cuttica, Midwest Clean Energy Application Center
Bruce Hedman, ICF International

R ——
s Michwest Clean Energy Application Center

-

ICI Boiler MACT

= Standards for hazardous air pollutants from major sources:
industrial, commercial and institutional boilers and process
heaters (excludes any unit combusting solid waste)

= Major source is a facility that emits:
° 10 tpy or more of any single Hazardous Air Pollutant, or 25 tpy or more of
total HAPs
= Emissions limits applicable to new and existing units > 10
MMBtu/hr
° Mercury (Hg)

° Particulate Matter (PM) as a surrogate for non-mercury metals
(alternative limits for total selective metals (TSM))

° Hydrogen Chloride (HCI) as a surrogate for acid gases

°  Carbon Monoxide (CO) as a surrogate for non-dioxin organics)

a1 or B
s Michwest Clean Energy Application Center 2

Impacts of the Boiler MACT

= Compliance straight forward for natural gas fired units
(tune-ups)

= Rule significantly impacts oil, coal and biomass boilers
and process heaters

= Controls are potentially required for Hg, PM, HCl and CO

= Emissions limits must be met at all times except for start-
up and shutdown periods

= Also includes monitoring and reporting requirements

= Limits are economically challenging for oil and coal units

T ——
s Michwest Clean Energy Application Center 3

-

Compliance Options

= The specific emissions limits depend on fuel type and combustor
design, but all pollutants within a group (Hg, PM, HCl, CO) can be
controlled with the same measures

= Required compliance measures for any unit depend on current
emissions levels and control equipment already in place

= Fabric filters and activated carbon injection are the primary
control devices for Hg

= Electrostatic precipitators may be required for units that need
additional control for PM or TSM

= Wet scrubbers or fabric filters with dry injection are primary
controls for HCI

= Tune-ups, replacement burners, combustion controls and
oxidation catalysts for CO and organic HAPs control

T T p—
s Michwest Clean Energy Application Center 4

Potential Opportunity for CHP?

= Compliance with MACT limits will be expensive for
many coal and oil units - some users will consider
switching to natural gas

= Potential opportunity to move to natural gas CHP
— Trade off of benefits and additional costs

— Economics now based on incremental investment over
compliance costs

Affected units (EPA ICR Database — all facilities)
— 616 coal units ($2.7 Billion capital cost)

— 903 liquid fuel units ($1.7 Billion capital cost)
— 508 biomass units ($0.6 Billion capital cost)

T T ——
's Michwest Clean Energy Application Center 5

-

Affected
Industrial/Commercial/Institutional Boilers

Number of Facilities 652

Fuel Class # Units (h/?:/l’;‘j%r)
Coal 495 131,526
Heavy Liquid 287 38,020
Light Liquid 202 19,926
Biomass 442 97,131
Process Gas 78 21,146
Total 1,504 307,749

Excludes non-continental liquid, Gas 1 (NG/RG) and limited use units

a1 or B
s Michwest Clean Energy Application Center




Facilities with Affected Boilers by
Region

q Number of | Number of | Number of Nufnber €l | Loty
Region " Biomass Process Gas
Facilities Coal Units Oil Units o

Units Units
187 242 114 55 53

Midwest

Southeast 270 153 200 248 7
Mid-Atlantic 56 68 58 14 18
North East 37 11 58 16 0
Mountain 8 10 7 0 0
Northwest 45 7 20 55 0
Gulf Coast 39 8 13 46 0
Pacific 10 1 19 8 9
Total 652 495 489 442 78

Includes only Industrial/Commercial/Institutional units

LS. D

Affected Coal, Oil, and Process Gas Boilers
by Industry (drops biomass boilers)

Application
Mining (except Oil and Gas) 7 14 4,767
Food Manufacturing 64 134 27,745
Textiles 13 28 1,851
Wood and Furniture 18 27 2,508
Paper Manufacturing 87 149 48,566
Petroleum Refining 19 65 10,491
Chemical Manufacturing 74 199 34,347
Plastics and Rubber Manufacturing 22 54 4,500
Primary Metal Manufacturing 20 107 35,048
Transportation Equip. Manufacturing 23 80 11,151
Other Industrial 11 28 8,877
Educational Services 26 68 10,400
National Security and Int'l Affairs 9 64 4,695
Other Institutional 17 a5 5673
Total 410 1062 210,618

Includes only industrial, commercial and institutional boilers
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Affected Boilers in the Midwest
Fuel Type Number of Units Capacity (MMBtu/hr)
Coal 242 62,071
Heavy Liquid 63 10,351
Light Liquid 51 4,461
Process Gas 53 14,820
Total 409 91,705
Includes only coal, oil, and process gas industrial, commercial and institutional
boilers (drops out biomass boilers)
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Affected Coal, Oil, and Process Gas Boilers
in the Midwest

Number | Number |  Boiler
of of Capacity | E g
p Facilities | Units [(MMBtu/hr)| CHP Sites
5 14 2

Mining and Agriculture 4,397

Food Processing 42 89 20,299 19 676
Wood Products 4 8 421 0 0
Paper Products 29 55 13,716 19 739
Refining 5 10 857 il 40
Chemicals 21 48 7,135 2 6
Plastic and Rubber

Products 5 13 781 0 [
Primary Metals 9 64 23,529 5 547
Transportation Equipment 12 40 6,840 1 3
Other Industrial 11 27 6,787 2 24
Colleges/Universities. 13 34 6,294 9 268
Hospitals. 1 3 191 1 1
Other Institutional 2 4 456 ] 0
Total 159 409 91,705 61 2,439
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Affected Boilers in the Southeast

Fuel Type Number of Units Capacity (MMBtu/hr,

Coal 153 39,353
Heavy Liquid 110 11,716
Light Liquid 90 7,422
Process Gas 7 1,322
Total 360 59,814

Includes only coal, oil, and process gas industrial, commercial and institutional
boilers (drops out biomass boilers)
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Affected Coal, Oil, and Process Gas Boilers
in the Southeast

Boiler

Application
Food Processing
Beverage and Tobacco 3 5 1,123 2 25
Textile Mills 8 16 1,387 0 0
Wood Products 8 10 412 0 0
Paper Products 36 60 24,612 25 1,706
Chemicals 31 102 17,028 6 301
Plastics and Rubber Products 1 30 2,354 0 0
Transportation Equipment 4 16 1,794 0 0
Other Industrial 8 24 2,801 1 40
Colleges and Universities 6 12 1,511 3 44
National Security and Int'l
Affairs 6 56 3,623 0 6
Other Institutional 5 13 910 0 0
Total 136 360 59,813 39 2,152

PG VS Dirssruas o Enicy
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CHP as a Compliance Alternative

= Compliance with MACT limits will be expensive for
many coal and oil users

= Many are considering switching to natural gas
— Conversion for some oil units
— New boilers for most coal units

= Some are considering moving to natural gas CHP

— Potential for lower steam costs due to generating own
power

— Higher overall efficiency and reduced emissions

— Higher capital costs, but partially offset by avoided costs
for emissions controls or new gas boiler

P U5 Diamana or Exacy
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Example - Affected Facility in Pennsylvania

= Four existing coal boilers at the site

Boiler Capacity mm Existing Controls

10.2 MMBtu/hr Coal 8000 Cyclone
17.0 MMBtu/hr Coal 8000 Cyclone
20.4 MMBtu/hr Coal 8000 Cyclone
20.4 MMBtu/hr Coal 4000 Cyclone

*  Average steam demand of 40 MMBtu/hr

*  Pays $0.08/kWh for power and $3.10 MMBtu for coal
= Projected compliance costs

*  Additional controls required for PM, HCl and CO

*  $4,100,000 Capital cost

«  $723,000 annual operating and maintenance costs

R —
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Comparative Steam Costs

Exlstlr}g Coal | New Na_tural Gas Natural Gas CHP
Boilers Boilers
60 60 60

Steam Capacity, MMBtu/hr

Avg Steam Demand, MMBtu/hr 40 40 40
Boiler Efficiency 76% 80% N/A
CHP Capacity, MW 0 0 8

CHP Electric Efficiency N/A N/A 29%
Fuel Use, MMBtu/year 416,842 396,000 752,993
Annual Fuel Cost $1,292,211 $2,772,000 $4,901,985
Annual O&M Cost $1,242,189 $502,920 $1,154,664
Annual Compliance O&M $723,000

Annual Electric Savings ($4,692,557)
Annual Steam Operating Costs $3,257,400 $3,274,920 $1,364,092

Based on delivered coal price of $3.10/MMBtu, natural gas price of $7.00/MMBtu,
and industrial electricity price of $0.08/kWh (CHP avoids 90% of retail rate)

P U5 Diamana or Exacy
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CHP Paybacks

g |Natural Gas| Natural Gas
Coal Boilers| Boilers CHP

1 Annual Steam Operating Costs $3,257,400 $3,274,920  $1,364,092
2 Annual Operating Savings (coal compliance) $1,893,308
3 Annual Operating Savings (gas boiler) $1,910,828
4 Installed Costs $4,103,000 $2,643,750  $16,000,000
5

6 CHP Incremental costs (coal compliance) $12,000,000
7 CHP Payback (coal compliance) 6.3 years
8

9 CHP Incremental costs (gas boiler) $13,355,000
10 CHP Payback (gas boiler) 7.0 years

CHP Benefits

* Compliance with MACT Increase Electric Service Reliability
* Investment versus Operating Cost * Enhance Economic Competitiveness

= Payback between 6 and 7 years ® Reduce Carbon Emissions

= 145, Dirs
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Potential CHP Capacity

Number of Boiler CHP
Number of| Affected Capacity Potential

Fuel Type Facilities Units

Coal 227 495 131,526 13,155
Heavy Liquid 120 287 38,020 3,803
Light Liquid 91 202 19,926 1,993
Process Gas 14 78 21,146 2,115
Total 452* 1062 210,618 21,065

*Some facilities are listed in multiple categories due to multiple fuel types;
there are 410 affected facilities

CHP potential based on average efficiency of affected boilers of 75%; Average
annual load factor of 65%, and simple cycle gas turbine CHP performance
(power to heat ratio = 0.7)

= |15 Du
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Boiler MACT
Assistance Available

= List of available state incentives for emissions controls, energy
efficiency measures, boiler replacements/tune-ups, CHP, and
energy assessments (DOE)
° http://www1.eere.energy.gov/industry/states/pdfs/incentives_boiler mact.pdf
° Will be updated when final reconsidered rule signed

=  Extensive assistance materials for Area Source rule available from
EPA
° Tune-up guidance, fast facts, brochure, table of requirements, small entity
compliance guide, etc.

° www.epa.gov/ttn/atw/boiler/boilerpg.html
= DOE technical assistance for Major Source rule (when final
reconsidered rule signed)

° Site-specific technical and cost information for evaluation of clean energy
compliance options for facilities with coal/oil-fired boilers through Regional Clean
Energy Application Centers. Includes site visits.

mergy Application Centes
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Biogas Renewable Energy
CHP Projects for Clinton County
Electric Coop Dairy Farmers:
Under Issues, ing Coi it Heat & Power

Opportunities, Increasing Energy Efficiency,
and Improving Your Bottom Line

Knotty Pine Restaurant e Breese, lllinois
February 3, 2012
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Thank You to All our Sponsors!

Association of Illinois SEd L
Electric Cooperatives it o ETucy
4 o

i Midwest Clean Energy Application Center

Envirsnmental Law & Policy Centar

Today’s Workshop Agenda

Regulations impacting operations

Implementing an anaerobic digester (AD) project
Investigating digester outputs

Real life on-farm case study

Connecting to the grid

Available funding

Lunch

Q&A

Why is the U.S. DOE interested in clean and
renewable on-site power generation?

Look at our Current Efficiency in the Power Generation Sector

More than two-thirds of the

Source: DOE/ORNL

Is there a more efficient way?

CHP: A Key Part of our Energy Future

What is Combined Heat and Power (CHP)?

Form of Distributed
Generation (DG)

An integrated system Traditional System CHP System
Located at or near a
building or facility | ELECTRICITY

Provides at least a portion

of the electrical load and

Recycles the thermal I HEAT

energy for
Space Heating / Cooling Eﬁmency Eﬂimency
Process Heating / Cooling

Dehumidification Source: DOE/ORNL.

Additional generation

CHP provides efficient, clean, reliable, affordable energy — today and for the future.




40 more Gigawatts of CHP by 20207
Snapshot of Existing U.S. CHP Installations

3,700 CHP Projects

558 CHP Projects

Saves 1.8 quads of_
fuel each year

CO, reducation =
removing 42 million cars i
Source: ICF International

What are the benefits of CHP
and when does it make sense?

Making sense when...

0 Good coincidence between
electric and thermal loads

o Central heating/cooling system

o Large “Spark Spread” -
cost differential between electricity
(grid) and CHP fuel

Long operating hours.

Why CHP and Anaerobic Digesters?

Basic Anaersbic Digeutes Syitem Fluom Disgram

ﬁi’%’f !mo

Where are farm AD projects
located?

Mo iy P oy 2 5wme ¥ Poury P nenr R s

161 farm scale projects
15 regional/centralized or multiple-farm projects Source: EPA AgStar www.epa gov/agstar

Enjoy the workshop!
0 Ask questions...

0 Get engaged...

0 Network...

o Don't forget to complete the survey...

® o
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Clintan County
Cooperative, Inc.




Industrial Energy Efficiency
A look at Illinois and the Midwest

Presentation to:
Industrial Efficiency and Advanced Manufacturing Roundtable
NASEO/ASERTTI
Energy Policy & Technology Outlook Conference
February 8™, 2012

Presentation by:
John Cuttica
Director, Energy Resources Center
University of lllinois at Chicago

l.llc Energy Resources
" i Baci Gen er

COLLEGE OF ENGINEERING

v

Implementation

State

State Energy
Office

Regulators
Universities  J

Federal

Utilities
Industrial —_—

Associations 7 Process o2
Individual

Companies

Improvements Electric
Through
Partnership
Programs

L
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Energy Resources Center (ERC)
University of Illinois at Chicago

o Interdisciplinary Public Service, Research, and Special
Project Organization Dedicated to Improving Energy and
Environmental Sustainability (non teaching — grant funded
energy/environmental extension service)

o Report to the Dean, College of Engineering

o ERC Role in Industrial Energy Efficienc
_ Provide Technical Expertiﬁ‘iﬂ”‘i‘ﬂ”ww3”3%33‘3‘@4{

/ Deployment of |

cepts to the

Energy Efficient Advanced Technologies &
idwest Manufacturing Sector

Targeted Education
Unbiased Information
Technical Assistance

Midwest Total Energy Use by Sector

Sources: EIA, MECS; U.S. Census, ASM; EIA, State Energy Data System 2006 Data and
‘World Resources Institute - Midwest Industrial Energy Efficiency Summit
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e-midwest-industrial-energy-efficiency-summit Center

Fuel Use by lllinois Manufacturing
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Approx. 650 trillion Btus Annually
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Illinois Manufacturing

49,000,000 Total Value of Shipments

e 2009 ($1000)
-
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Index of Manufacturing Energy Costs, Value of
Shipments, and Employment

160

Cost of fuels & electricity
120

Value of Shipments’

2000= 100

Number of paid employees

2000 2002* 2004 2006 2008 2010

7 Sources: EIA, MECS; US Census, ASM.
* 2002 values were linearly interpolated due to a gap in the published data.

Why Don’t Industrials Invest More in EE & CHP?

o Not aware of the total value of EE and CHP on ROI

o Energy costs typically < 5% of operating costs (non energy
intensive industries)

o Complain about energy costs but viewed as cost of doing
business — not a variable cost they can easily control

o Often do not link process improvements to EE and therefore
EE investments often viewed as non-essential, discretionary

Capital constraints & competing priorities

Often times require short payback periods < 2 years

Ability to “opt out” of state-level policies

Lack of dedicated & trained staff (energy) — Small/Mid Size Co

o o o o

NG Eowsgy Pascuroms
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lllinois

State
DCEO
ICC
UIC/ERC
UIUC/SEDAC

Federal
DOE - AMO

EPA — USCHP
Partnership

Utilities

ComEd

Process Ameren
Improvements ; Nicor

Through Peoples
IMEC | Partnership /
IECA Programs Weilh S
Munis/Coops
)

IMA
TMA
Valley Ind Assoc |

Industry ’

ERC --- lllinois Industrial Activities

o DOE Midwest Clean Energy Application Ce
Midwest States
0 Student Energy Assessment Center -- 10 to 15 students
trained each year in energy engineering (modeled after DOE
|ACs but with no federal funds)
SEEAction Industrial EE & CHP.
t development / deployment
implementation)

0 Superior Energy Performance (ISO- 50001) — Worked with
DOE and Midwest States to develop the Mi
companies in the process of completing cel
March, 2012

ERC --- lllinois Industrial Activities

ave Energy Now (forerunner to Better Buildings, Better || |
Plants)

-~ major energy industrial forums in Illinois (also lowa, Minnesota,
Michigan, Missouri, Indiana, and Ohio)
- |dentified over 200 SEN partne
o Implementer, DCEO Large
— 13 major capital investmet cts (> 13 million therms in

annual savings) ... Total In: ent $35M - ARRA funds $14M

o0 Active member - llinois Energy Efficiency Stakeholder Advisory
Group (provide guidance and support - utility efficiency programs)

y User Program

Commonwealth Edison — Smart Ideas
Program

June, 2008 thru May 2011 - C&I Prescriptive & Custom Program

Count KWh Savings. Incentive: Percent
229 5.9% 21,688,272 33%  $ 1400284 28%
357 29% 99,203,958 152% § 7227463 145%
62 08% 12,818,802 20%  $ 745,077 15%
889 122% 144,097,493 220% $ 10915244 21.9%
192 26% 44,981,590 69% $ 2727119 55%
728 100% 56,652,649 87% $ 4215616 8.4%
985 135% 59,008,587 0%  $  7,136975 143%
u7 16% 2,165,790 0% $ 127,186 03%
2862 30.2% 87,448,631 134% $ 6274215 126%
128 18% 6,283,078 10% s 797,163 16%
546 7.5% 119,414,069 183% $ 8332065 16.7%

7295 100.0% 653,762,919 1000% $ 49,898,407 100.0%




Strategic States and SEE-Action
Network for Industrial EE & CHP

Presentation to:
IDEA Business Development Workshop
February 6, 2012

Presentation by
John Cuttica
Director, Energy Resources Center
University of lllinois at Chicago
US DOE Midwest Clean Energy Application Center
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Presentation Outline

Description of the State Energy Efficiency (SEE)

Action Network

Industrial EE and CHP Working Group

First Year Activities

Examples of ongoing Clean Energy Application
Center (CEAC) State Policy Efforts

CHP as a Boiler MACT Compliance Strategy

The State and Local Energy Efficiency Action
Network (SEE-Action)

The Opportunity

Energy efficiency represents one of our nation’s largest untapped energy resources

Investing in cost-effective energy efficiency improvements could save hundreds of billions

of dollars nationally over the next 10-15 years*

State and local programs and policies are critical to capturing the benefits of efficiency:
Job creation and economic development
Reduced demand and need for new transmission and distribution investments; improved system reliability
Reduction in fossil fuel use; significant public health and environmental benefits

What is SEE Action?
A state- and local-led effort facilitated by US DOE and US EPA to take energy efficiency to
scale that builds on the National Action Plan for Energy Efficiency.**

SEE Action offers best practice recommendations and technical assistance to state and
local decision makers as they seek to advance energy efficiency in their jurisdictions

Goal: to achieve all cost effective energy effici by 2020

*McKinsey Global Energy and Materials (2009),
Unlocking Energy Efficiency in the U.S. Economy
**For more information visit wew.epa gov/eeactionplan

Decision Maker Action

SEE Action supports individuals and organizations seeking to reap
the benefits of energy efficiency through policies and programs:

Utility Regulators and their utility partners who can utilize efficiency as an
energy resource to ensure reliable, affordable energy for ratepayers

State and Local Policymakers including governors, legislators, and mayors,
who can implement effective energy efficiency policies and programs for their

communities

State Energy and Air Officials who can develop and implement cost-effective
energy efficiency programs to realize energy, cost, and emissions savings among

other benefits

State and Local Partners, including utilities and other energy efficiency program
administrators, financial institutions, energy services companies, industrial facility
and commercial building owners, and many others

SEE Action Network Structure

Executive Group Members:
Leadership/strategic direction and vision of
SEE Action Network

SEE Action’s Eight Working Groups:

Working Group Chairs:
Leadership of 8 priority issue areas.

DOE/EPA Staff Leads:
Support/coordination of Working Groups and
Executive Group.

Who is the Network?

Over 200 leaders from state and local government,
associations, business & industry, NGOs, and
others who provide visionary leadership, strategic
direction, and drive to reach the goal.

ip lists at energy.qo

SEE Action Working Group Priorities

+ Driving Ratepayer-Funded Efficiency
Through Regulatory Policies

Increase investments in energy efficiency
through ratepayer-funded programs.

+ Building Energy Codes

Increase the adoption of model and stretch
building energy codes, and increase
compliance with adopted codes for new and
renovated buildings.

+ Existing Commercial Buildings

+ Customer Information and Behavior
Decrease residential energy consumption through
behavior change, information, and feedback.

+ Evaluation, Measurement, and Verification
Transform EM&V to yield more accurate, credible,
and timely results that accelerate deployment and
improve management of energy efficiency.

+ Financing Solutions
Increase and improve energy efficiency financing
instruments and mechanisms in the residential

Improve energy efficiency in i I
public and private buildings by promoting
solutions for whole-building improvements such
as retr ing and high

leasing.

+ Residential Retrofit

Increase the number and effectiveness of
moderate income residential energy efficiency
programs nationwide, and support development
of a thriving home energy upgrade industry.

6

and ial sectors.

+ Industrial Energy Efficiency and Combined
Heat and Power (CHP)

Improve energy efficiency in the U.S.
manufacturing sector though programs and
policies that support industrial efficiency and
implementation of CHP.




SEE Action IEE/CHP Working Group

Chairs: Todd Currier, WA Energy Office & Greg White,
Commissioner — Michigan PSC

DOE/EPA staff leads: IEE (Sandy Glatt-DOE, Betsy
Dutrow-EPA) and CHP (Katrina Pielli-DOE, Neeharika
Naik-Dhungel-EPA)

Members include: ACEEE, ASE, NRDC, NYSERDA,
SoCal Gas, MW CEAC, Saint Gobain

Blueprint has Four Focus Areas:

Demand for Industrial Energy Efficiency & CHP
Build the Workforce

Promote Efficient Operations & Investment

Move the Market

IEE / CHP Working Group Scope

IEE / CHP Working Group addresses:
Industrial sector/manufacturing:
Large-, medium-, and small-sized industries
Varying levels of energy intensity
Energy efficiency of systems and processes in terms of:
Energy intensity (as a measure of efficiency)
Combined Heat and Power (CHP)
Energy Intensity — energy consumption per unit of GDP. Chosen over solely

BTUs consumed because it does not include energy efficiency savings that
might occur due to industrial downsizing or other market events.

CHP — the simultaneous production of useful thermal and electric energy
from a single fuel source (dedicated fuel or waste heat recovered from
industrial equipment or processes).

IEE / CHP Working Group Goals

Note: The working group recognizes that the reduction may not be an annual
2.5% achievement, but a cumulative effort over time that equates to a 2.5%
annual reduction, on average, over the next 10 years.

Building Blocks to Meet the Goals

Promote Efficient
Operations &
Investment

Drive Demand for

|EE & CHP Build the Workforce

Move the Market

Key Solutions & Actions to Achieve the

Goals

Drive Demand for
IEE & CHP

Build the Workforce

Promote Efficient
Operations &
Investment

Move the Market

T
1. State, Local, & Utility
Programs for Industry
Programs that better meet the
needs of industry

2. State Policy Models
Broader adoption of model
policies

3. National Energy
Efficiency Policy

Enhance national policy with
regard to industrial energy
efficiency and CHP

4. Education & Outreach
Build corporate culture; foster
greater understanding of the
economic value of industrial
energy efficiency and CHP

5. Education & Workforce
Development

Identify industry's needs and
workforce needs; develop
new programs to address
needs

6. Develop Training &
Academic Curricula

From the plant floor to the
corporate level

7. Licensing &
Certification Protocols
Certified Energy Manager
(CEM); DOE Qualified
Specialists; Continuous
Energy Improvement, etc.

8. Financing Innovation
Loan guarantees, energy
service companies
(ESCOs), etc

9. Financial Incentives
Address industry ROI and
refit cycles

10. Technical Solutions
Improve availability of
energy efficiency and CHP
information and tools for
industry

11. Energy Management
Programs/Continuous
Energy Improvement
Ex: IS0 50001, Superior
Energy Performance (SEP),
ENERGY STAR, and others

12. Technology
Demonstration

Adoption of existing
technologies

13. Regulatory
Recommendations to
Support CHP

Offer comprehensive CHP
policies

14. Reduce Uncertainty
Related to State
Interconnection
Harmonization across broad
regions and states

15. Financing Reform
Depreciation rules and
‘Sarbanes-Oxley Act

Red = IEE and CHP solution 11
Purple = CHP only solution

Impact of IEE / CHP WG Goals

Energy, quadrillion primary Btu

Where We According to the Energy Information Administration,

Are Today: gross domestic product (GDP) growth estimates with
fixed energy intensity, the industrial sector will 46
consume 41.6* quads of primary energy in the year
2020 (Business as Usual).

Working Based on the McKinsey report, 13.4 quads of potential

Group Goals: industrial Btu savings by 2020 exist.** The working

group’s goals to reduce industrial energy intensity by

2.5% annually through 2020 and install 40 GW of new,

cost-effective CHP by 2020 will achieve a reduction of

10.4 quads.***

Scope: Reaching goals would capture 78% of the potential 30
energy efficiency in the industrial sector, leaving 3.0

quads to address through other activities.

Resulting 2020 Energy Use if all potential is addressed: 282

*Total industrial sector energy consumption includes refining-related efforts,

* The McKinsey non-transportation industrial estimates were used to calculate the potential for the full industrial sector.
2020 efficiency potential is based on an estimated 25.2% growth in GDP by 2020 (Annual Energy Outlook 2008) and
afixed industrial energy intensity (energy consumption per value of shipments) through 2020.




IEE/CHP Working Group - First Year Activities

2012 Webinar Series
(http://www1.eere.energy.qgov/seeaction/iee.chp.webinars.html)

EPA Regulations and CHP (held January 17t)
Showcasing Model Utility IEE Programs (Feb 7t)
Elevating IEE Regulatory Issues for Commissioners (March 6t)

Successful State CHP Policies (Summer, 2012) — see below

Developing “Guide to Implementing Successful State
CHP Policies” & “IEE Model Programs & Policies Guide”

Regional (MW & SE) Utility/Industry Workshops
Overcoming |IEE and CHP Batrriers ..... Spring/Summer 2012

Engage Utility Regulators on Successful State Policies
(IEE and CHP)

U.S. DOE Clean Energy Application
Centers (CEACS)
Market Assessments: Supporting analyses of
CHP/WHR market potential

Education and Outreach: Information on benefits
and application to state and local policy makers,
regulators, energy end-users, utilities, others

Technical Assistance: Providing
technical information, site assessments,.
feasibility studies, technical & financial
analyses

Pacific CEAC --- California

Policy Issues --------- Education/Outreach/Tech Assistance ------- Status

Self-Generation Incentive Economic analysis of benefits
Program (SGIP) Extension to state contributed to $250 M
extension

Initiated technical paper on
CHP and GHG reduction to
ensure “fair” treatment under
cap-and-trade policies
Completing CHP jobs
creation/economic impact
analysis

Work to demonstrate how CHP,
energy efficiency, & renewable
can work together to move
away from centralized fossil
generation — CA 33% RPS

Treatment of CHP under CA
Cap-and-Trade

Support for Governor’s
6.5GW CHP Installation Goal

Garner Support for Balanced
CA Energy Portfolio

South East CEAC --- North Carolina

Policy Issues ---------| Education/Outreach/Tech Assistance ------- Status

Parity for CHP with Renewable © Fostered understanding among

Resources renewable & policymakers:
Tax incentive 35% tax credit in place
Portfolio Standard Renewable & EE Std. incl. CHP
Revise public IOUs business Part of utility/industry team
model to recognize CHP as investigating the feasibility of

viable new generation capacity ~ Pilot program fostering
utility/industry partnership (Duke

Energy — potential docket 2012)

Efforts Include:
Collaboration ESCO, SEO, NCState,
Fort Bragg — Projects underway,
Tech. analysis on HB 906 — Third
Party Sale of Electricity —-Biomass
CHP

Third Party CHP Investment

Midwest CEAC --- Ohio

Policy Issues --------- Education/Outreach/Tech Assistance ------- Status

New interested Gov and Education and technical support of
Ohio PUC Chairman — environmental & industrial coalition.
Energy Summit highlights Strong policy recommendations:
CHP

More favorable inclusion of WHR as an eligible technology in RPS

Conventional CHP benchmark in

Northeast CEAC --- New York

Policy Issues ---------| Education/Outreach/Tech Assistance ------- Status
Preservelexpand resources Extensive education & support
dedicated to CHP in 2012- efforts turned $0 allocation to $75M

2015 (Syr) SBC IV Plan for CHP acquisitions under SBC IV

Engage IOUs on recognizing © Collaborative with:

CHP/WHR in the State
Advanced Energy Resource
Standard — SB 221 AEP Energy Security Plan stipulates
CHP as First Option 350 MW of CHP

Considered in New
Generation Capacity Building
Access to low interest
financing

advanced technology section

Integration into existing OAQDA
program or similar agency to administer
aloan program

benefits of CHP as an
alternative to distribution
system capital investments

National Grid to create “Principles
Document” on non wires alternatives &
pilot 2012 project.

Con Ed on “CHP Zones" that would

create significant system benefits,
exploring new incentive designs.
Asked to partner with Mayor’s
Office to assist in implementation —
work starts in Feb 2012
Working with DASNY —
hospitals/universities

Promote realization of
800MW CHP goal — PlaNYC

Innovative Financing




CHP as a Boiler MACT Compliance
Alternative

Compliance with MACT limits will be expensive for many
coal and oil users

Retrofitting old boilers (pre mid 1970s) very difficult

Many are considering switching to natural gas
Conversion for some oil units
New boilers for most coal units

Some are considering moving to natural gas CHP
Potential for lower steam costs due to generating own power
Higher overall efficiency and reduced emissions

Higher capital costs, but partially offset by avoided costs for
emissions controls or new gas boiler

CHP as a Boiler MACT Compliance
Alternative

Compliance with MACT limits will be expensive for many
coal and oil users

Retrofitting old boilers (pre mid 1970s) very difficult

Many are considering switching to natural gas
Conversion for some oil units
New boilers for most coal units

Some are considering moving to natural gas CHP
Potential for lower steam costs due to generating own
power
Higher overall efficiency and reduced emissions

Higher capital costs, but partially offset by avoided costs for

emissions controls or new gas boiler
20

Potential CHP Capacity

Coal 227 495 131,526 13,155
Heavy Liquid 120 287 38,020 3,803
Light Liquid 91 202 19,926 1,993
Process Gas 14 78 21,146 2,115
Total 452* 1062 210,618 21,065

*Some facilities are listed in multiple categories due to multiple fuel types;
there are 410 affected facilities

CHP potential based on average efficiency of affected boilers of 75%; Average
annual load factor of 65%, and simple cycle gas turbine CHP performance
(power to heat ratio = 0.7)

CHP Compliance Option - Potential Benefits

Compliance with MACT

Investment versus compliance cost/expenditure
More Favorable Paybacks

Increase electric service reliability

Enhance economic competitiveness (higher
efficiency plant)

Reduce Carbon Emissions

Potential partnership with Utilities facing EPA
power plant emission regulations

Thank You

John Cuttica
(312) 996-4382
cuttica@uic.edu

www.midwestcleanenergy.org
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Industrial Energy Efficiency Energy Resources Center (ERC)

A look at lllinois and the Midwest University of lllinois at Chicago
Presentation to: o Interdisciplinary Public Service, Research, and Special
Industrial Efficiency and Advanced Manufacturing Roundtable Project Organization Dedicated to Improving Energy and
NASEO/ASERTTI ; e L
Energy Policy & Technology Outlook Conference Environmental Sustainability (non teaching — grant funded
February 8%, 2012 energy/environmental extension service)

o Report to the Dean, College of Engineering

Presentation by:
John Cuttica
Director, Energy Resources Center o ERC Role in Industrial Energy E L
University of lllinois at Chicago | Provide Technical Expertl%”ﬁ‘ﬁmwﬂ\wmW‘w‘ #HWWMM /ment of
Energy Efficient Advanced Technologies & Concepts to the
idwest Manufacturing Sector

s l.llc Energy Resources Targeted Education
- Eﬁn enrm“ - Unbiased Information
D Technical Assistance
Implementation Midwest Total Energy Use by Sector

State

State Energy
Office

Regulators
Universities  J

Federal

Utilities
Industrial —_—

Associations 7 Process o2
Individual

Companies

Improvements Electric
Through
Partnership
Programs

Sources: EIA, MECS; U.S. Census, ASM; EIA, State Energy Data System 2006 Data and
UIG gy Prscuroms ‘World Resources Institute - Midwest Industrial Energy Efficiency Summit UIG gy Prscuroms
Z ettt ! e-midwest-industrial-eneray-efficiency-summit Z ettt

Fuel Use by lllinois Manufacturing lllinois Manufacturing
o uOther 49,000,000 Total Value of Shipments
2l 30000000 2009 ($1000)
E‘ 118 il 20,000,000
g 100 - Slwal & Code 10,000,000 I
T w0 - s D I I | . 1200000 Purchased Fuels & Electricity
= WHlectiry 1,000,000
& & 2007-2009 ($1000)
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:w & 400000
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Index of Manufacturing Energy Costs, Value of
Shipments, and Employment

160

Cost of fuels & electricity
120

Value of Shipments’

2000= 100

Number of paid employees

2000 2002* 2004 2006 2008 2010

7 Sources: EIA, MECS; US Census, ASM.
* 2002 values were linearly interpolated due to a gap in the published data.

Why Don’t Industrials Invest More in EE & CHP?

o Not aware of the total value of EE and CHP on ROI

o Energy costs typically < 5% of operating costs (non energy
intensive industries)

o Complain about energy costs but viewed as cost of doing
business — not a variable cost they can easily control

o Often do not link process improvements to EE and therefore
EE investments often viewed as non-essential, discretionary

Capital constraints & competing priorities
Often times require short payback periods < 2 years
Ability to “opt out” of state-level policies

o o o o

Lack of dedicated & trained staff (energy) — Small/Mid Size Co

NG Eowsgy Pascuroms
Center

lllinois

State
DCEO
ICC
UIC/ERC
UIUC/SEDAC

Federal
DOE - AMO

EPA — USCHP
Partnership

Utilities

ComEd

Process Ameren
Improvements ; Nicor

Through Peoples
IMEC | Partnership /
IECA Programs Weilh S
Munis/Coops
)

IMA
TMA
Valley Ind Assoc |

Industry ’

ERC --- lllinois Industrial Activities

o DOE Midwest Clean Energy Application Ce
Midwest States
o Student Energy Assessment Center -- 10 to 15 students
trained each year in energy engineering (modeled after DOE
IACs but with no federal funds)
 SEEAction Industrial EE & CHP
orint development / deployment
implementation)

0 Superior Energy Performance (ISO- 50001) — Worked with
DOE and Midwest States to develop the Midwest Pilot — 9
companies in the process of completing certi
M 2012

ERC --- lllinois Industrial Activities

0
Plants)
- major energy industrial forums in lllinois (also lowa, Minnesota,
Michigan, Missouri, Indiana, i
— Identified over 200 SEN p:
o Implementer, DCEO L arge

— 13 major capital investme
annual savings) .. Total In ent $35M - ARRA funds $14M

o Active member - lllinois Energy Efficiency Stakeholder Advisory
Group (provide guidance and support - utility efficiency programs)

s (> 13 million therms in

Commonwealth Edison — Smart Ideas
Program

June, 2008 thru May 2011 - C&I Prescriptive & Custom Program

Count KWh Savings. Incentive: Percent
229 5.9% 21,688,272 33%  $ 1400284 28%
357 29% 99,203,958 152% § 7227463 145%
62 08% 12,818,802 20%  $ 745,077 15%
889 122% 144,097,493 220% $ 10915244 21.9%
192 26% 44,981,590 69% $ 2727119 55%
728 100% 56,652,649 87% $ 4215616 8.4%
985 135% 59,008,587 0%  $  7,136975 143%
u7 16% 2,165,790 0% $ 127,186 03%
2862 30.2% 87,448,631 134% $ 6274215 126%
128 18% 6,283,078 10% s 797,163 16%
546 7.5% 119,414,069 183% $ 8332065 16.7%

7295 100.0% 653,762,919 1000% $ 49,898,407 100.0%




Biogas Renewable Energy
CHP Projects for South-Central
Illinois Livestock Producers:
Under Issues, ing Coi it Heat & Power

Opportunities, Increasing Energy Efficiency,
and Improving Your Bottom Line

Keller Convention Center e Effingham, Illinois
February 9, 2012
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Today’s Workshop Agenda

Regulations impacting operations

Implementing an anaerobic digester (AD) project
Investigating digester outputs

Real life on-farm case study

Connecting to the grid

Available funding

Lunch

Q&A

Why is the U.S. DOE interested in clean and
renewable on-site power generation?

Look at our Current Efficiency in the Power Generation Sector

More than two-thirds of the

Source: DOE/ORNL

Is there a more efficient way?

CHP: A Key Part of our Energy Future

What is Combined Heat and Power (CHP)?

Form of Distributed
Generation (DG)

An integrated system Traditional System CHP System
Located at or near a
building or facility | ELECTRICITY

Provides at least a portion

of the electrical load and

Recycles the thermal I HEAT

energy for
Space Heating / Cooling Eﬁmency Eﬂimency
Process Heating / Cooling

Dehumidification Source: DOE/ORNL.

Additional generation

CHP provides efficient, clean, reliable, affordable energy — today and for the future.




40 more Gigawatts of CHP by 20207
Snapshot of Existing U.S. CHP Installations

3,700 CHP Projects

558 CHP Projects

Saves 1.8 quads of
fuel each year

duction =
W coal plants

CO, reducation =
removing 42 million cars

Source: ICF International

What are the benefits of CHP
and when does it make sense?

' CHP does not make sense in Making sense when...

%but where it o Good coincidence between
does make technical and electric and thermal loads

o Central heating/cooling system

o Large “Spark Spread” -
cost differential between electricity
(grid) and CHP fuel

o Long operating hours

Why CHP and Anaerobic Digesters?

Where are farm AD projects
located?

Hap ey P oy P2 5wne Q9 oy P nee R s

Source: EPA AgStar wwi.epa.gov/agstar

161 farm scale projects
15 regional/centralized or multiple-farm projects

US DOE Regional Clean Energy
Application Centers (CEACs)

o0 US DOE Midwest Clean Energy
Application Center

o www.midwestcleanenergy.org
o DOE goal of 40 GW of CHP by 2020

o Today the center promotes the use
of CHP, District Energy, and Waste
Heat Recovery Technologies

O Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market Assessments .
FE U5 D o Extecy

— Education and Outreach Midwest Clean Energy Application Center

— Technical Assistance

NORRBIS ) it
Cooperative

Enjoy the workshop!

0 Ask questions and get engaged...
o Network and utilize the available resources...

o Don't forget to complete the survey...
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Biogas Renewable Energy
CHP Projects for South-Central
Illinois Livestock Producers:
Under Issues, ing Coi it Heat & Power

Opportunities, Increasing Energy Efficiency,
and Improving Your Bottom Line

Spoon River College Community Outreach Center
February 10, 2012 e Macomb, lllinois

Thank You to All our Sponsors!

p Assaciation of Illinois
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Today’s Workshop Agenda

Regulations impacting operations

Implementing an anaerobic digester (AD) project
Investigating digester outputs

Real life on-farm case study

Connecting to the grid

Available funding

Lunch

Q&A

Why is the U.S. DOE interested in clean and
renewable on-site power generation?

Look at our Current Efficiency in the Power Generation Sector

More than two-thirds of the

Source: DOE/ORNL

Is there a more efficient way?

CHP: A Key Part of our Energy Future

What is Combined Heat and Power (CHP)?

Form of Distributed
Generation (DG)

An integrated system

Located at or near a
building or facility | ELECTRICITY

Provides at least a portion
of the electrical load and

Recycles the thermal

l HEAT
energy for

Space Heating / Cooling EﬁDC%EnCV su% Eﬂimency
Process Heating / Cooling

Dehumidification Source: DOE/ORNL.

Additional generation

CHP provides efficient, clean, reliable, affordable energy — today and for the future.

Traditional System CHP System




40 more Gigawatts of CHP by 20207
Snapshot of Existing U.S. CHP Installations

3,700 CHP Projects

558 CHP Projects

Saves 1.8 quads of
fuel each year

duction =
W coal plants

CO, reducation =
removing 42 million cars

Source: ICF International

Why CHP and Anaerobic Digesters?

What are the benefits of CHP
and when does it make sense?

' CHP does not make sense in Making sense when...

%but where it o Good coincidence between
does make technical and electric and thermal loads

o Central heating/cooling system

o Large “Spark Spread” -
cost differential between electricity
(grid) and CHP fuel

o Long operating hours

Where are farm AD projects
located?

Hap ey P oy P2 5wne Q9 oy P nee R s

. Source: EPA AgStar www.epa.gov/agstar
161 farm scale projects

15 regional/centralized or multiple-farm projects

US DOE Regional Clean Energy
Application Centers (CEACs)

o0 US DOE Midwest Clean Energy
Application Center

o www.midwestcleanenergy.org
o DOE goal of 40 GW of CHP by 2020

o Today the center promotes the use
of CHP, District Energy, and Waste
Heat Recovery Technologies

O Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market Assessments .
X F4 U5, Drrsamaint or Extecy
— Education and Outreach Midhwest Clean Energy Application Center

— Technical Assistance

Enjoy the workshop!

0 Ask questions and get engaged...
o Network and utilize the available resources...

o Don't forget to complete the survey...
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CHP & WHR Technology Briefing
and Environmental Benefits

Tuesday, February 14, 2012
John Cuttica
Director, Energy Resources Center
University of lllinois at Chicago
US DOE Midwest Clean Energy Application Center
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Traditional Energy Systems

L units
100 Central Station
units - Power Plant Electricity
= 32% efficiency

Onsite Building
Boiler/Furnace
80% efficiency

Combined Efficiency
~a9%

54
units

Conventional CHP System
(Topping Cycle)

Conventional
Combined
Heat and
Power
---CHP---

75% efficiency

Combined Efficiency
~75%

Electricity

43
units

units

Fuel Utilization by U.S. Utility Sector

More than two-thirds of the
fuel used to generate power in

the US. is lost as heat

The energy lost in the U.S. from wasted heat in the utility

Combined Heat and Power

Conventional CHP
Topping Cycle CHP

The sequential
production of useful
electric and thermal
power from a single

dedicated fuel source *

Traditional Energy System vs.
Conventional CHP System

| units
Central Station A
Power Plant Eletig
32% efficiency

Onsite Building
Boiler/Furnace
80% efficiency

Conventional
Combined
Heat and
Power

---CHP---
75% efficiency

54

units

Al

43
units

CHP provides efficient, clean, reliable, affordable energy —

units




Conventional CHP

What drives system efficiency in a
conventional CHP system?

Ability to utilize as much of the thermal energy as possible +
coincidence between thermal and electric loads

To ensure high system efficiency, how would
you size a conventional CHP system?

Size for thermal base-load and generate electricity when operating to
meet the thermal load

What maximizes the effectiveness of a
conventional CHP system?
Long operating hours + max efficiency = max savings/effectiveness

Combined Heat and Power

Waste Heat Recovery CHP
Bottoming Cycle CHP

Conventional CHP
Topping Cycle CHP

The sequential Captures heat otherwise
production of useful = wasted in an industrial /
electric and thermal - commercial process and
power from a single . utilizes it to produce

dedicated fuel source = electric power.

CHP Role in Our Environmental Future
Impact on Carbon Emissions

TOTAL
TRADITIGNAL SYSTEM @ EMISSIDNS @ CHP SYSTEM

KTons/year KFons/year

186 Ib/MMEB

s e
or
m ! e I | 17 MG
117 IMMEt

Source: http://www.chpcentermw.org/pdfs/ORNL_Report_Dec2008.pdf

Waste Heat Recovery ?%

Capture the
exhaust gases
to generate
electricity!!!

Exhaust gases
entering the
atmosphere!

Consume on-
site or sell to
the grid...

Waste Heat Recovery CHP

No additional fossil fuel (capturing waste heat as the fuel)
No incremental emissions

Like conventional CHP, power generated at site (DG)
Base load generation — industrials operate 24/7

High temp (> 800°F) is low hanging fruit industrial

CHP Nomenclature

Waste Heat Recovery
CHP (WHR)

Bottoming Cycle CHP

Waste Energy
Recovery CHP (WER)
Waste Heat to Power
CHP (WHP)




Positive Impacts and Benefits
(U.S. Businesses)

Reduces energy costs for the end-user

Increases energy efficiency, helps manage
costs, maintains jobs

Reduces risk of electric grid disruptions &
enhances energy reliability

Provides stability in the face of uncertain
electricity prices

Positive Impacts and Benefits
(Nation)
Provides immediate path to increased energy
efficiency and reduced GHG emissions

Offers low cost approach to new electricity
generation capacity and lessens the need for
new T&D

Uses abundant, domestic energy sources

Uses highly skilled local labor & American
technologies

CHP Is Used at the P0|nt of Demand

Saves 1.8 quads of
fuel each year

Eliminates 241 M tons of
CO, each year

CO2 reduction

equivalent to e O
eliminating forty 1,000 R 3 v CHP/WHR is an
Aiiccalucheguans ? nderutilized Resource!!!

Source: ICF International

CHP Onsite Technical Potential Market

Existing CHP (82 GW)
CHP Potential W/O Export (+132 GW)
'1\.

\ i

Source: ICF internal estimates . >5,000 MW
16
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<1,000 MW

] 1,000 1,999 Mw
[ 2000-4.999 MW

Snapshot of Ohio CHP Market
| curent | Potentia |

CHP Implementation in Ohio 766.6 MW 9,800 MW
CHP % of Total Ohio Electric Generation 2.3% 29.4%
Nationally, CHP % of Total Generation 8.0%

g —
Paper 2,329 CHP Technical Potential
Chemicals 2,838
Primary Metals 430
Food 310
Other Industrial 767
Commercial/Institutional 3,082
Total 9,800

Attractive CHP Markets

@20 6

Industrial Commercial Institutional Agricultural
Chemical Data centers Hospitals Concentrated
manufacturing Hotels and casinos Landfills animal feeding
Ethanol Multi-family housing Universities & operations
Food processing Laundries colleges Dairies
Natural gas pipelines Apartments Wastewater ‘Wood waste
Petrochemicals Office buildings treatment (biomass)

P i Refri Residential
Pulp and paper warehouses confinement
Rubber and plastics Restaurants

Supermarkets
Green buildings




CHP Represents a Cost-Effective
Electricity Resource in Ohio

Costof Delivered Electricity - Ohio
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©
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{9 CHP thermal creit reflects the cost of boiler fuel
avoided by capturing and using the waste heat from CHP

CHP as a Boiler MACT Compliance
Alternative
Compliance with MACT limits will be expensive for many
coal and oil users
Many are considering switching to natural gas
Conversion for some oil units
New boilers for most coal units
Some are considering moving to natural gas CHP (gas
turbine system)

Potential for lower steam costs due to generating own
power

Higher overall efficiency and reduced emissions

Higher capital costs, but partially offset by avoided costs for
emissions controls or new gas boiler

Investment rather than control cost

MACT Affected Boilers in the Midwest

Coal 398 84,495
Heavy Liquid 82 11,760
Light Liquid 79 6,487
Biomass 67 8,705
Process Gas 71 18,892
Total 697 130,339

Includes industrial, commercial and institutional boilers only

What’s Needed to Increase Market Share

Removal of state policy barriers (interconnection,
standby rates, etc)

Clear value proposition for electric utilities

Increased awareness of CHP benefits by end-
users, state decision makers, & policy makers

Supportive federal policies
Technology advancements

DOE Clean Energy Application Centers: Locations, Contacts, and Web Sites

MEDWEST
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Thank You

John Cuttica
(312) 996-4382
cuttica@uic.edu

www.midwestcleanenergy.org
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U.S. Department of Energy
Boiler MACT Technical Assistance
Pilot Program

Public Utilities Commission of Ohio (PUCO) Educational Forum
March 9, 2012

John Cuttica
Director, Energy Resources Center
University of lllinois at Chicago
US DOE Midwest Clean Energy Application Center
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DOE Boiler MACT Technical Assistance
Team

Katrina Pielli --- DOE Headquarters

Patti Garland --- Oak Ridge National Laboratory
Bruce Hedman & Ann Hampson --- ICF International
John Cuttica & Cliff Haefke --- Midwest CEAC

Jim Freihaut --- Mid Atlantic CEAC

Tom Bourgeois --- Northeast CEAC

Isaac Panzarella --- Southeast CEAC

L U5 Dosrant oo Lsamcy
B, Mishaest Clean Energy Application Contes

Presentation Message / Take Away

Ohio has significant CHP potential — 9,800 MW
Today, Ohio has only 766 MW of CHP installed

Current circumstances have highlighted the role additional CHP
can play in the energy resource mix & achieve above benefits
Coal power plant retirement announcements
Boiler MACT opportunity for new CHP
Focus on maintaining and increasing manufacturing in the US

DOE currently provides technical information and assistance,
market development, and education on CHP, Waste Heat
Recovery, and District Energy options through its 8 regional Clean
Energy Application Centers (CEACS)

L U5 Dosrant oo Lsamcy
B, Mishaest Clean Energy Application Contes

Presentation Outline

What is Combined Heat and Power (CHP)
Status and Opportunity of CHP in the US and Ohio
Boiler MACT and CHP as a Control Strategy

U.S. DOE Boiler MACT Technical Assistance Pilot
Program

U.S. DOE Clean Energy Application Centers

L U5 Drrsarant oo Lsamcy
B, Mishwest Clean Energy Application Contes

Presentation Message / Take Away

Combined Heat & Power (CHP) is an important energy resource
that provides
Benefits for U.S. Industry
Reduces energy costs for the user
Reduces risk of electric grid disruptions
Provides stability in the face of uncertain electricity prices

Benefits for the Nation
Provides immediate path to increased energy efficiency and
reduced GHG emissions
Offers a low-cost approach to new electricity generation capacity
and lessens need for new T&D infrastructure
Enhances grid security
Enhances U.S. manufacturing competitiveness
Uses abundant, domestic energy sources
Uses highly skilled local labor and American technology

L U5 Drrsarant oo Lsamcy
B, Mishwest Clean Energy Application Contes

Presentation Message / Take Away

DOE, through the CEACs, is supplementing this ongoing effort by

providing site-specific technical and cost information on clean

energy compliance strategies to those major source facilities

affected by the Boiler MACT rule currently burning coal or oil.
These facilities may have opportunities to develop compliance
strategies, such as CHP, that are cleaner, more energy efficient, and
that can have a positive economic return for the plant over time

DOE Boiler MACT Technical Assistance program is being piloted
in Ohio now, and will be rolled out nationally when the EPA rule
reconsideration process is complete (Spring 2012)

http://www1.eere.energy.gov/manufacturing/distributedenergy/boilermact.html

L U5 Drrsarant oo Lsamcy
B, Mishwest Clean Energy Application Contes



Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

= Simultaneous generation of heat
and electricity

= Fuel is combusted/burned for the
purpose of generating heat and
electricity

Conventional
CHP System = Normally sized for thermal load

to max. efficiency — 70% to 80%

Min. eff. = 60% . . )
Typical eff. 70% - 80% = Minimum efficiency of 60%

normally required
= Normally non export of electricity

. = Low emissions — natural gas
FL 7 US. Dt o0 Esmay

Mighwest Clean Energy Application Contes

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Two (2) Forms of CHP

Waste Heat Recovery CHP

Conventional CHP
[o] HP (also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

Conventional
CHP System

Energy
....... Intensive
Industrial
Process

L US. Dt on Damcy

Mighwest Clean Energy Application Contes

Existing CHP Capacity

o0 ~ 8% US generating capacity
12%
Commercial/ 14%
Insttutional [
0~ 12% total annual MWh g
generated ﬁ
L 1T
_ o Prmary Metis Pebiourh
o Industrial applications represent " 9
88% of existing capacity Other Manutacturing
6%
o Other industrial
o Commercial/institutional 30%

Chemical

applications represent 12% of
existing capacity:
Hospitals, Schools, University
Campuses, Hotels, Nursing Homes,
Office Buildings, Apartment
Complexes, Data Centers, Fitness
Centers

L US. Dt on Damcy

B, Midwest Clean Energy Application Contes Source: ICF International

3,600 CHP Projects

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Waste Heat Recovery CHP
(also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

e e e e e 1 = Fuel first applied to produce useful
1 thermal energy for the process
| Steam Turbi |
.eam Turbine . a1e.
1 ! 1 = Waste heat is utilized to produce
| I electricity and possibly additional
I 1 thermal energy for the process
1 ; = Simultaneous generation of heat and
Heat recovery 1 electricity
| ~ steam boiler 1
| B = - = No additional fossil fuel combustion

Waste heat from the

(no incremental emissions)
industrial process

= Normally produces larger amounts

Energy ¢ ;
Intensive electric generation (often exports
Industrial electricity to the grid; base load
Process electric power)

Heat produced for the
G e industrial process = Required high temperature (> 800°F)
__i, Midwest Clean Encriy Application Conter (low hanging fruit in industrial plants)

CHP Is Used at the Point of Demand

A

=

—

CO, each year

€02 reduction
‘equivalent to

eliminating forty 1,000 CHP/WHR is an

LAY i [ LS Underutilized Resource!!!

L ERSARea
__io Mighwest Clean Energy Application Center

CHP Onsite Technical Potential Market

D <1,000 MW

D 1,000 - 1,999 MW
. 2,000 - 4,999 MW

- >5,000 MW

Source: ICF internal estimates 12



Snapshot of Ohio CHP Market
| cCurrent | Potential

CHP Implementation in Ohio 766.6 MW 9,800 MW
CHP % of Total Ohio Electric Generation 2.3% 29.4%
Nationally, CHP % of Total Generation 8.0%
Gen. Potential
G o " N
Paper 2,329 CHP Technical Potential
Chemicals 2,838
Primary Metals 430
Food 310
Other Industrial 767
Commercial/Institutional 3,082
Total 9,800
L LTI - T———
‘s, Midhwest Clean Energy Application Coenter

CHP Represents a Cost-Effective
Electricity Resource in Ohio

Costof Delivered Electricity - Ohio

o

Cont e Gamerate Power
et delivsted)

CHP thermal credit reflects the cost of boiler fuel
avoided by capturing and using the waste heat from CHP

# L 115 Drsanant oo Lsamcy
‘s, Midhwest Clean Encegy Application Centes

Impacts of the Boiler MACT

Compliance straight forward for natural gas fired units (tune-
ups in lieu of more rigorous control options)

Refinery and blast furnace gases are treated as natural gas

Rule significantly impacts oil, coal, biomass, and process gas
boilers

Emissions limits must be met at all times except for start-
up and shutdown periods

Controls are potentially required for Hg, PM, HCl and CO
Also includes monitoring and reporting requirements

Limits are difficult (technically and economically) for oil
and coal boilers (especially older units)

[TLN —

G » Laamcr
‘s, Midhwest Clean Encegy Application Centes

Attractive CHP Markets

Industrial Commercial Institutional Agricultural
Chemical Data centers Hospitals Concentrated
manufacturing Hotels and casinos Landfills animal feeding
Ethanol Multi-family housing Universities & operations
Food processing Laundries colleges Dairies
Natural gas pipelines Apartments Wastewater Wood waste
Petrochemicals Office buildings treatment (biomass)
Pharmaceuticals Refrigerated Residential
Pulp and paper warehouses confinement
Rubber and plastics Restaurants

Supermarkets

Green buildings

#L 15 Drsanant oo Lsancy
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EPA ICI Boiler MACT

Three rules. DOE effort focused on Major Source Boiler MACT

Standards for hazardous air pollutants from major sources: industrial,
commercial and institutional boilers and process heaters (excludes any
unit combusting solid waste)

Major source is a facility that emits:

10 tpy or more of any single Hazardous Air Pollutant, or 25 tpy or more of
total Hazardous Air Pollutants (HAPs)

Emissions limits applicable to new and existing units > 10 MMBtu/hr
Mercury (Hg)

Particulate Matter (PM) as a surrogate for non-mercury metals (alternative
limits for total selective metals (TSM))

Hydrogen Chloride (HCI) as a surrogate for acid gases

Carbon Monoxide (CO) as a surrogate for non-dioxin organics

#L 15 Drsanant oo Lsancy
‘s, Midhwest Clean Encegy Application Centes

Standard Compliance Measures

Mercury (Hg): Fabric filters and activated carbon injection are the
primary control devices

Particulate Matter (PM): Electrostatic precipitators may be required
for units to meet emission levels

Hydrogen Chloride (HCl): Wet scrubbers or fabric filters with dry
injection are the primary control technologies

Carbon Monoxide (CO): Tune-ups, replacement burners, combustion
controls and oxidation catalysts are the preferred control
technologies

Required compliance measures for any unit depend on current
emissions levels from the units and the control equipment
already in place

[TLN e—
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Affected Facilities by CEAC Region Affected Boilers in the Midwest

CEAC Region Fuel Type Number of Units | Capacity (MMBtu/hr)
Gulf Coast 46 10
; Coal 378 80,902

Intermountain 16 19 11 0 0
Mid-Atlantic 133 126 152 32 23 Heavy Liquid 82 11,760
Midwest

idwes 264 378 159 64 59 i i 77 6,427
Northeast 85 23 149 23 6
Northwest 78 20 30 89 0 Biomass 64 8,128
Pacific 23 5 16 32 0 Process Gas 59 15,292
Southeast 326 179 224 317 15
Total 971 760 752 605 111 Total 5e0 )

The data in this chart is still being refined
= This table includes only industrial/commercial/institutional boilers

= There are 217 affected utility facilities not included in this table

The data in this chart is still being refined

Includes industrial, commercial and institutional boilers only

© 2011 ICF International. Expanded Database. All rights reserved. #T U Dranant o B © 2011 ICF International. Expanded Database. All rights reserved.
| Mighwest Clean Energy Application Contes

Affected Coal and Oil Boilers in Ohio

Capacity
(MMBtu/hr)
9

Affected Boilers in Ohio

Fuel Type Number of Units | Capacity (MMBtu/hr)
5

Food

1,150
Paper 7 15 2,195
Coal 76 12,202 Petroleum and Coal 1 2 108
Heavy Liquid 5 563 Chemicals 10 21 2,856
Plastics and Rubber 2 5 740
Light Liquid 10 1,579 Primary Metals 2 3 1,347
. Fabricated Metals 3 7 716
Biomass 6 1,106 Machinery 1 4 400
Process Gas 13 4,114 Transportation Equip. 5 16 3,383
Educational Services 4 9 1,450
Total 110 19,565 Total 40 91 14,345
The data in this chart is still being refined The data in this chart is still being refined
Includes industrial, commercial and institutional boilers only
: " e Chony Enaens osemtion Cintan 2011 ICF International. Al rights reserved. : " e Chony Enaens osetion Cintan © 2011 ICF International. Expanded Database. All rights reserved. 22

CHP as a Compliance Strategy

Compliance with MACT limits will be expensive for many coal
and oil users (standard compliance measures)

Potential CHP Capacity

Number | Number of Boiler CHP.
May consider converting to natural gas of Affected | Capacity | Potential
Conversion for some oil units Fuel Type Facilities Units MMBtu/hr’ (Mw)
New boilers for most coal units? Coal 333 760 177,435 17,746
May consider moving to natural gas fueled “Conventional ieavyiCicic N N £22 52,358 5,237
CHP” (trade off of benefits versus additional costs) Light Liquid 145 330 29,495 2,950
Represents a productive investment Total 672* 1,512 259,288 25,933
Potential for lower steam costs due to generating own power The dataon this chartis stll being refined

ieh Il effici d red d . *Some facilities are listed in multiple categories due to multiple fuel types;
Higher overall efficiency and reduced emissions there are 621 ICl affected facilities

Higher capital costs, but partially offset by required compliance costs CHP potential based on average efficiency of affected boilers of 75%; Average

or new gas boiler costs annual load factor of 65%, and simple cycle gas turbine CHP performance
(power to heat ratio = 0.7)
- LS. Diowsareanit o0 Loy - LS. Dvrsareant oo Lsay
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DOE Boiler MACT
Technical Assistance Program
(Ohio Pilot)

The U.S. DOE Midwest CEAC will supplement its normal
CHP services by:

DOE Boiler MACT
Technical Assistance Program

Site specific “Decision Trees” will include:
Facility Info

Providing site specific technical and cost information to the 40+ Site Financial Data

major source facilities (~ 90 to 100 boilers) in Ohio currently burning Contact Info

coal or oil (Decision Tree Analysis) Boiler Unit Data

Meeting with willing individual facility management to discuss “Clean

Compliance Control Requirements
Energy Compliance Strategies” including potential funding and P a

financial opportunities. CHP as an Alternative Compliance Option
Assisting interested facilities in the implementation of CHP as a Comparative Cost of Compliance Options
compliance strategy CHP Payback

Available Financial Options

T 115, Do T 115, Do
L Midwest Clean rm-n Application Centes L Midwest Clean rm-n Application Centes

Decision Tree Analysis Example Comparative Costs
XXXX Co. (Ohio) e [ [
Bmlers Bmlers
Existing Boilers Steam Capacity, MMBtu/hr input
Avg Steam Demand, MMBtu/hr 240 240 240
Boiler Efficiency 75% 80% N/A
Total Capacity | Primary Year Existing Controls CHP Capacity, MW 0 0 25%
MMBtu/hr Fuel Installed CHP Electric Efficiency N/A N/A 32%
Fuel Use, MMBtu/year 2,720,000 2,550,000 3,404,334
156 Coal 8,400 1,960  Electrostatic Precipitator Annual Fuel Cost $5,084,000 $15,300,000 $20,426,003
245 Coal 8,539 1,968  Electrostatic Precipitator Annual O&M Cost $8,105,600 $3,238,500 $4,990,500
Annual Compliance O&M $3,111,500
Average steam demand of 240 MMBtu/hr e Sk e (612,622,500)
Pays $0.07/kWh for power and $2.50 MMBtu for coal
Projected complia nce costs Annual Steam Operating Costs $17,201,100 $18,538,500 $12,794,003
Additional controls required for PM and CO Capital Costs $17,921,500 $14,800,000 $35,000,000
$17,921,813 Capital cost Calculations based on delivered coal price of $2.50/MMBtu, natural gas price of $6.00/MMBtu,
. . and industrial electricity price of $0.07/kWh (CHP avoids 90% of retail rate)
$3,111,500 annual operating and maintenance costs of controls * Steam demand could support 50 to 55 MW CHP system; system designed to meet the facility

electric load of 25 MW (non-export mode)

l 5. Do l 5. Diraaiess
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CHP Paybacks Frequently Asked Questions

How accurate is the Decision Tree Analysis results?

Existing Coal | Natural Gas | Natural Gas . .
Boilers Boilers CHP The results are only as good as t_he assumptions utilized. We e>l<pect the

facilities will update the assumptions after the one-on-one meetings.

Annual Steam Operating Costs $17,201,100 $18,538,500 $12,794,003
Annual Operating Savings (coal compliance) $4,407,097 What are the sources of the facility and unit data assumptions?
Annual Operating Savings (gas boiler) $5,744,497 ICR — Survey data on boilers, process heater and other combustion units, submitted to
Installed Costs $17,921,500 $14,800,000 $35,000,000 EPA (facility & unit level data)
ECHO — EPA Enforcement & Compliance History Online database (facility level data
CHP Incremental costs (coal compliance) $17,078,500 on major source polluters)
CHP Payback (coal compliance) 3.9 years REPIS — NREL Renewable Electric Plant Info System database (facility and unit level
data for biomass facilities)
SlElhcementaicostelieacbollcy) 2207200000 MIPD — Major Industrial Plant database (facility data for large industrial plants
CHP Payback (gas boiler) 3.5 years

LBDB — Large Boiler database (facility & unit level data — boilers > 250 MMBtu/hr
ELECUTIL — ICF Electric Utility database (facility & unit level data for utility boilers

a7 l 5. Do l 5. Diraaiess
| Midwest ‘Clean rm-n Application Conter 29 L, Michwest ‘Clean rm-n Application Conter



Frequently Asked Questions

What is the value of an option that has such a significantly larger
first cost?

Investment (with payback) versus a cost - higher efficiencies & lower
emissions — potential for lower steam costs

As a “rule of thumb,” which boilers are most favorable for a CHP
control strategy?

Older coal and oil boilers where installing standard control technologies
and/or converting the existing boiler to natural gas is very expensive.

If the facility wants to further explore CHP, what specific services
can the CEAC provide?

Assist in scoping the project (level 1 sizing, costs, design options);
assist in securing needed engineering, financial and installation support

# L 115 Drsanant oo Lsamcy
‘s, Midhwest Clean Encegy Application Centes

CEAC Mission and Focus

CEAC Mission: Develop technology application knowledge and
the educational infrastructure necessary to promote “clean
energy” technologies as viable energy options and reduce any
perceived risks associated with their implementation.

CEAC Focus: Assist in transforming the market for
CHP, WHR, and DE technologies and concepts
throughout the United States by providing:

Market Analysis Education & Technical
& Evaluation Qutreach Assistance

# L 115 Drsanant oo Lsamcy
‘s, Midhwest Clean Encegy Application Centes

DOE & Midwest CEAC Contacts

DOE Headquarters Midwest CEAC
U DEPARTMENT O B
ENERGY =N UIC Energy Resources
e T e as Center
Energy Efficiency & - CTLLESE OF ERGINEERING
Renewable Energy o

Director: John Cuttica;

Katrina Pielli 312/996-4382; cuttica@uic.edu
Senior Policy Advisor
Office of the Deputy Assistant Associate Director / Lead Engineer: Cliff
Secretary for Energy Efficiency Haefke; 312/355-3476; chaefkl@uic.edu

U.S. Department of Energy

Washington DC www.midwestcleanenergy.org

http:_//wwyvl._eere.enerqv.qov/ L States Covered: lllinois, Indiana, lowa,
uring/distributedenergy/ceacs.html Kansas, Michigan, Minnesota, Missouri,
Nebraska, North Dakota, Ohio, South
Dakota, Wisconsin

[TLN —
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Next Steps — Ohio

Midwest CEAC will send letters to all affected Ohio facilities
explaining the pilot program, providing contact info, and urging them
to contact the Midwest CEAC (March)

Midwest CEAC will call all major sources that use coal or oil to set-
up one-on-one meetings (March)

Site visits will be made to those interested major source facilities that
use coal or oil to meet and discuss their “Decision Tree” and CHP
opportunity (ASAP starting immediately)

Continue technical assistance as appropriate

Want to work with in-state trade associations, utilities and others to
spread word

DOE Boiler MACT Technical Assistance information:

http://www1.eere.energy.gov/manufacturing/distributedenergy/boilermact.html

#L 7 U5 Dt oo Lsamcy
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DOE Clean Energy Application Centers: Locations, Contacts, and Web

SOUTHEAST
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DOE Clean Energy
Application Cente:

Program Contacts




Market Opportunities for
Biogas Utilization

A&WMA Lake Michigan States Section’s Waste Not Conference

Oakbrook Terrace, IL
May 15, 2012

Cliff Haefke

_UIC Energy Resources
s e Center

COLLEGE OF ENGINEERING

US DOE Regional Clean Energy Application
Centers (CEACs)

* U.S. DOE Midwest Clean Application
Center

* Originally established in 2001 by U.S. DOE
to support DOE CHP Challenge

* Today the center promotes the use of CHP, District Energy, and
Waste Heat Recovery Technologies

* Strategy: provide a technology outreach program to end users, policy,
utility, and industry stakeholders focused on:

— Market analysis & evaluation

- Education & outreach (* = s oo o s
. . Midwest Clean Energy Application Center
— Technical assistance b, By App!
-

uic énnrlgy FResources www.midwestcleanenergy.org
252 Center

Energy Resources Center (ERC)

¢ Located at the University of Illinois at Chicago (UIC)
¢ Reports to Dean of College of Engineering
¢ Over 30 years of service

* Technical knowledge and hands on ability to provide forward
looking solutions for today’s complex energy environment

¢ Areas of expertise include energy efficiency, distributed
generation, bioenergy and climate, utilities management

DOE Clean Energy Application Centers: Locations, Contacts, and Web Sites

DOE Clean Energy
Application Centers:
Program Contacts

Fuel Utilization by U.S. Utility Sector

More than two-thirds of the
fuel used to generale power in
the US. is lost as heat

Key Part of Our Energy Future is CHP

Form of Distributed Traditional System CHP System
Generation (DG)
An integrated system [ ELECTRICITY

Located at or near a

building / facilit cHP
uilding / facility
HEAT
Provides at least a portion Boiler ¢ ‘
the electrical load and -
@ Bﬂ% Efficiency

Recycles the thermal
CHP provides efficient,

energy for
clean, reliable, affordable

Space Heating / Cooling
Process Heating / Cooling
Dehumidification

energy — today and for
the future.

WIC Energy Resowces
wenrie! Canter

/ORNL Report_Dec2008.pdf




CHP Technologies Utilizing Biomass/Biogas

- Electricity
— ——p Steam ——>
Recovered

A Boiler

N Heat
Crop Residue Steam Turbine
Food Processing Waste » Landfill
e > /Lanail Gas Electricity]
Municipal Solid Waste
Combustic
Wood and Wood Waste - Dfrhv;lic\:snuon —
Biomass i
—> > Turbi
Gas T urone Recovered
- Recip Engine Heat
Gasifier >
ﬂ Fuel Cell
Moist Waste
Digester
Sludge Waste > . Gas
Farm Waste
Food Processing Waste An?erobic
Digester

Market Development — Emerging Drivers

¢ Growing recognition of biogas, biomass, & CHP
benefits by state and federal policymakers

¢ Co-digestion / multiple feedstocks / urban farms
* Upward pressure on electricity prices

¢ Emissions regulations impacting coal-fired power
plants and non-utility plants

* Favorable natural gas outlook
¢ Other...

UIC Energy Resouices
2322 Center

PSIBEW — = ENERGY

rnte Incentives for Renowables & Effici

[ frenatie portoss standar 55 Minimum solar or customer-sited requirement
[ Rerewable portfoso goal 3K Extra crecit for solar or customen-sited renewables
) Sotar vater neating esgibie 1 Includes non-renewable altermative resources

Market Development — Pending Emission
Regulations affecting Utility Sector

* EPA proposing updates to at least 6 regulations affecting coal-
fired power plants — compliance deadlines in next 7 yrs

¢ Could impact as much as 40,000 MW of coal-fired electric

generation
— Forced retirements / replacements . .
i . Rules Effecting Utility Sector
— Investment in compliance controls (“at risk” coal generation by region)
* Result will be significant H—

investment by Utilities and
upward pressure on electric
prices (20% projected in some
affected markets)

0

WIC Enargy Resowces
ey i Canter Source: ACEEE White Paper Avoiding a Train Wreck: Replacing
Old Coal Plants with Energy Effciency

Market Development —
Other Electric Industry Market Indicators

* Supply margins are declining and as demand is recovering
— Need significant infrastructure investment
— Estimates at $750 — 900 Billion: exceeds current capitalization
— Major baseload generation & transmission will be needed

e Transmission congestion is increasing

¢ Aging transmission infrastructure
— 70% of transmission lines are 25 years or older
— 70% of power transformers are 25 years or older
— 60% of circuit breakers are more than 30 years old

u

Rising Utiity Consiruction Costs: Sources & Impacts” Edison Foundation/Brattle Group.

uic Enemy Respurces Sources: NERC Transmission Loading Relief Procedure Logs &
el Canter

Co-Digestion & Comparing Biogas Potential

Residual fats
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Food waste S
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Poultry m—
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Cattle manure [
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Midwest Biogas Potential (MW)

Midwest Biogas CHP Potential (AG ONLY) UEhh || i @i
46 Category | Projects | Potential
- (Mw)
150 I

- L] 3 - Beef 9360 255
" - .
| e | | Dail 2,112 153
: I E s En I = il 5y
A it N Ks Mi MN MO ND NE OH 3D Wi Hog 9,464 410
it i kg

WWTF 2,468 1,087

Midwest Biogas CHP Potential (ALL) Emdl [ OB &8

&0 Total 23849 2,528

400 I
“thialal.aal
=
NIRRT
I

I K M MM MO ND NE OH SO Wl

MBeef  WDairy  WHog  EWWIF 8 Landfil

lllinois Activity Development

¢ lllinois electric cooperatives and
Association of Illinois Electric
Cooperatives (AIEC) expressing
interest in biogas CHP development:

— 5 Workshops between 2009 and 2012
(Springfield, Onarga, Breese, Effingham, Macomb)

— Biogas Feedstock Study ————>

— RE-AP Grant Program

¢ EPA Region 5 Interest in Illinois
Community Digester

WIC Energy Resowces
25 Center

lllinois DCEO Biogas/Biomass Program

UIC/ERC

— Six (6) projects awarded
totaling $780K

1. Agriculture Watershed Institute (AWI)

— Feasibility Studies: $2,500 s AN (T (TS
— Biogas to Energy Systems:
$225,000 (up to 50%) 3. John Deere Harvester Works
~ Biomass to Energy 4. Packer Engineering
Systems: ’
$400,000 (up to 50%)

5. Vill f Fox Lake - WWTF
— Deadline: April 30, 2012 flage ot roxtake

(likely to be renewed for 2013)

6. City of Danville - WWTF
UIC Energy Rzsourcas
v Canter

Recent Biogas CHP Developments

e Gundersen Lutheran Health System (WI)
— 100% Energy Independence Goal
— 1 MW LFG CHP Project w/ Landfill
— 633 kW AD/CHP Project w/ Brewery

e Janesville WWTP (WI)
— 460 kW AD/CHP

— CNG Vehicle
Fueling Station

Capstone Microturbine ANGI Campressor ANGIFuel Dispenser

E.% «if:;"

UIC Energy Resources
v Canter

Recent Biogas CHP Developments

¢ Bayview WWTP (OH)
— 10 MW dual-fueled CHP system

— Landfill Gas & Anaerobic
Digester Gas

¢ The Plant (IL)

— Vertical farm and home to a number of
sustainable food and beverage businesses

— 500 kW retrofitted
jet engine CHP

system
WIC Energy Resowces
2232 Center

Thank You

Cliff Haefke
(312) 355-3476
chaefkl@uic.edu

www.erc.uic.edu

www.midwestcleanenergy.org

UIC Energy Resources
*"5a% Center

T




Panel: Advancing Pro-CHP Policy in Ohio

USCHPA Spring Forum
May 16, 2012

Cliff Haefke, Associate Director
US DOE Midwest Clean Energy Application Center

Trish (Lanahan) Demeter, Director of Clean Energy Campaigns
Ohio Environmental Council

Kevin Schmidt, Director of Energy Services
Ohio Manufacturers Association

Dylan Sullivan, Staff Scientist
NRDC-Midwest Office

US DOE Regional Clean Energy
Application Centers (CEACS)

U.S. DOE Midwest Clean Application Center originally
established in 2001 by U.S. DOE and ORNL to support DOE
CHP Challenge

Today the centers promote the use of CHP, District Energy,
and Waste Heat Recovery Technologies

Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market analysis & evaluation
— Education & outreach

— Technical assistance

o Midwest Website: www.midwestcleanenergy.org

’i- M Civan oy Appision Cover

DOE Clean Energy Application Centers: Locations, Contacts, and Web Sites

DOE Clean Energy
Application Ce
Program Contac

Snapshot of Ohio CHP Market
[ | cCurrent [Tech Potential

CHP Implementation in Ohio 566.6 MW 9,800 MW
CHP % of Total Ohio Electric Generation 1.7% 29.4%
Nationally, CHP % of Total Generation 8.0%
Gen. Potential
Market Sector
aresecor | Snime EEE
Paper 2329 CHP Technical Potential
Chemicals 2,838 "
Primary Metals 430
Food 310
Other Industrial 767
Commercial/Institutional 3,082
Total 9,800
e G s syt o

Why the GAP between installed CHP
and the technical potential of CHP?

PAST...
Poor spark spread (high natural gas prices, low electric prices)

Policies unfavorable towards CHP (SB 221, standby rates,
etc.)

NOW...

Natural gas prices lower/stabilizing

Electric prices increasing (EPA regulations, aging electric
infrastructure, etc.)

Interest by Governor / PUCO / SEO / Industry /
Environmental Community

5, e ety Apptczion e

The Beginning of the Ohio
CHP/WHR Discussions

Benefits of large CHP/WHR potential recognized by
environmental community 2 years ago

CHP interaction between Environmental community
and Industrial community kicked off at December
2010 workshop in Columbus, OH

Opportunity for CEAC to assist educating
Environmental and Industrial stakeholders




Now 2 years later...

Where are we at?

How did we get where we are at?
Who are the interested stakeholders?
What's next?

Here is our panel:

Trish (Lanahan) Demeter, Director of Clean Energy
Campaigns, Ohio Environmental Council

Kevin Schmidt, Director of Energy Services, Ohio
Manufacturers Association

Dylan Sullivan, Staff Scientist, NRDC-Midwest Office

"' M Civan oy Appision Cover

Follow PUCO Activities (in-person or online)

(Feb 23, 2012) Public Utility Commission of Ohio (PUCO) announced
partnership with US DOE to launch a pilot program to offer technical
assistance to industrial boiler operators who invest in CHP

http://www.puco.ohio.gov/puco/index.cfm/media-room/media-releases/puco-announces-offer-
of-technical-assistance-for-combined-heat-and-power-conversions/

2012 PUCO CHP Workshops
US DOE Pilot Program for CHP — Friday, March 9, 2012
http://www.puco.ohio.gov/apps/Webcast/index.cfm
CHP Success Stories - Wednesday, June 20, 2012
CHP Financial Tools - Thursday, August 2, 2012
CHP Stand-by Power Issues - Thursday, September 13, 2012

"' M Civan oy Appision Cover

Thank You

Cliff Haefke
(312) 355-3476
chaefkl@uic.edu

www.midwestcleanenergy.org

P LS, DepasianT or Extrcy
s\ Midwest Clean Energy Application Center
o

A program at A program sponsored by

WIC Energy Resources
23 Canter




CHP Opportunities and DOE’s Regional
Clean Energy Application Centers

June 14, 2012
Cliff Haefke

FA US, Derartment of Enercy
ﬁ Midwest Clean Energy Application Center
o

-

US DOE Regional Clean Energy
Application Centers (CEACS)

U.S. DOE Midwest Clean Application Center originally
established in 2001 by U.S. DOE and ORNL to support DOE
CHP Challenge

Today the 8 Centers promote the use of CHP, District Energy,
and Waste Heat Recovery Technologies

Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market analysis & evaluation
— Education & outreach
— Technical assistance

o Midwest Website: www.midwestcleanenergy.org

’i‘ M Civan oy Appision Cover

Fuel Utilization by U.S. Utility Sector

More than two-thirds of the
fuel used to generate power in
the US. is lost as heat

Outline

DOE'’s Clean Energy Application Centers
CHP Markets and Opportunities
DOE'’s Interest in CHP

Available CEAC Technical Assistance

’i‘ M Civan oy Appision Cover

DOE Clean Energy Application Centers: Locations, Contacts, and Web Sites

Key Part of Our Energy Future is CHP

Form of Distributed
Generation (DG)

An integrated system l ELECTRICITY
Located at or near a

building / facili
T - 2
Provides at least a portior

Traditional System CHP System

of the electrical load and m Eﬂmency Efﬂmency
Recycles the thermal
energy for

Space Heating / Cooling 8 8 8
Process Heating / reliable, affordable
Cooling energy —today and

Dehumidification for the future.
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CHP Technology Components
(Topping Cycle)

VN 4.7 & Y.

Fuel Prime Mover Electricity

Natural Gas Reciprocating Engines On-Site Consumption
Combustion Turbines
Péﬁjpg:r;e Microturbines Sold to Utility
Landfill Gas Steam Turbines
Coal Fuel Cells
Steam
Waste Products Thermal
Others
Steam
Hot Water
Space Heating
Process Heating
Space Cooling
Process Cooling
Dehumidification

Attractive CHP Markets

Industrial Commercial Institutional Agricultural
Chemical Data centers Hospitals Concentrated
manufacturing Hotels and casinos Landfills animal feeding
Ethanol Multi-family housing Universities & operations
Food processing Laundries colleges Dairies
Natural gas pipelines Apartments Wastewater ‘Wood waste
Petrochemicals Office buildings treatment (biomass)

i Residential
Pulp and paper warehouses confinement
Rubber and plastics Restaurants
Supermarkets

Green buildings

7R M G e At v

CHP Is Used at the Point of Demand

3,700 CHP Projects
558 CHP Projects

Saves 1.8 quads of
fuel each year

CO, reductio
removing 430 GW coal p

CO, reducation =
removing 42 million cars

i ik e Clean Erry Appbe ation Covmer

Existing CHP Installations

Installed CHP Capacity [MW)
osm  Ellooe EE

>

WP [T

Source: CHP/DHC Country
Scorecard: United States
(International Energy Agency)

Technical CHP Potential

Potential CHP Capacity (MW =
voe @0 EEiee-rse B 2020w A

:: i R s By App st Covmr Scorecard: United States

(International Energy Agency)

2,400 MW of Additional CHP
Capacity Is in the Pipeline

Annual Capacity Additions

Annual Capacity Additions (GW)
w

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011-
2013

Based on projects under

Source: ICF CHP Database - i‘ Midtm Firan Brarmy Apicaiom e CONSETUCtION OF in design phase




CHP Market Development —
Emerging Drivers
Growing recognition of CHP benefits by state and
federal policymakers
Emissions regulations impacting non-utility boilers
Upward pressure on electricity prices

Favorable natural gas outlook

Natural gas spol price: (Honry Hub) 2008 dallars per milion Bl
2008
o Hstory Projoctions.
Updated AEG2008 —

°

_——AEGZO10

a0 -HubaBYE

CHP Market Development — Pending
Emission Regulations affecting Utility Sector

EPA proposing updates to at least 6 regulations affecting
coal-fired power plants — compliance deadlines in next 7 yrs

Could impact as much as 40,000 MW of coal-fired electric
generation

Forced retirements / replacements
Investment in compliance controls
Rules Effecting Utility Sector

Result will be significant (“at risk” coal generation by region)
investment by Utilities and s

upward pressure on electric
prices (20% projected in some
affected markets)

‘Source: ACEEE White Paper
Avoiding a Train Wreck:
Replacing Od Coal Plants with
Energy Efficiency

’i' M Chean oy Apghcaion €1

CHP Market Development — Other
Electric Industry Market Indicators
Supply margins are declining and as demand is
recovering
Need significant infrastructure investment
Estimates at $750 — 900 Billion: exceeds current capitalization
Major baseload generation & transmission will be needed

Transmission congestion is increasing

Aging transmission infrastructure
70% of transmission lines are 25 years or older
70% of power transformers are 25 years or older
60% of circuit breakers are more than 30 years old

‘Sources: NERC Transmission Loading Relief Procedure

T St Ciean ey Apphication Comser Logs & "Rising Uity Consiructon Cosis: Sources &
. Impacts® Edison Foundation/Eratlle Group

CHP is a Key Component of Distributed
Energy within DOE’s Advanced
Manufacturing Office (AMO)

Accelerated CHP has proven its effectiveness and holds promise for
the future—as an:

Environmental Solution - Significantly reducing CO2
emissions through greater energy efficiency

Competitive Business Solution - Increasing efficiency,
reducing business costs, and creating green-collar jobs

Local Energy Solution — Deployable throughout the U.S.

Infrastructure Modernization Solution - Relieving grid
congestion and improving energy security.

’i' M Chen ey Apglcuion Crvsr

DOE Secretary Chu visited
TECO CHP Plant (2/2/2012)

U.S. DOE Secretary Steven Chu
Visits TECO CHP Plant

TECO CEO Steva Swinson hosts
Sacratary Chu on tour of 48 MW
CHP plant in Texas Medical Centar

SEE Action

STATE & LOCAL ENERGY EFFICIENCY ACTION NETWORK

State- and local-led initiative facilitated by federal government to

take energy efficiency to scale through state and local policies
and programs

Information resources to support state and local decision makers
Decision-grade guides on time-tested best practices
State/local approaches to new and emerging issues
Technical assistance from national experts

Successor to the National Action Plan for Energy Efficiency

18 7R M G e At v




SEE Action Network Structure

Executive Group Members

A diverse group of state policy makers,
business leaders, utilities, NGOs,
associations, and others provide vision
and strategic guidance

Working Group Chairs

State & local leaders co-chair SEE
Action’s 8 priority issue areas

Staff Leads

DOE and EPA staff provide
support and coordination

7R M G e At v

What SEE Action Does

Working Groups educate
and engage with state
and local decision
makers through Network
connections

Working Groups develop
decision-grade best
practice guides based on
state & local experience

Working Groups support
decision maker action
with expert technical
assistance and peer
exchanges

ik e Clean Erary Appke ation Covmer

IEE / CHP Working Group Goals

Drive Demand for
IEE & CHP

Build the Workforce

Promote Efficient
Operations &
Investment

Move the Market

1. State, Local, & Utility
Programs for Industry
Programs that better meet the.
needs of industry

2. State Policy Models
Broader adoption of model
policies

3. National Energy
Efficiency Policy

Enhance national policy with
regard to industrial energy
efficiency and CHP

4. Education & Outreach
Build corporate culture; foster
greater understanding of the
economic value of industrial
energy efficiency and CHP

5. Education & Workforce
Development

Identify industry's needs and
workforce needs; develop
new programs to address
ney

6. Develop Training &
Academic Curricula

From the plant floor to the
corporate level

7. Licensing &
Certification Protocols
Certified Energy Manager
(CEM); DOE Qualified
Specialists; Continuous
Energy Improvement, etc.

8. Financing Innovation
Loan guarantees, energy
service companies
(ESCOs), etc.

9. Financial Incentives
Adress industry ROI and
refit cycles

10. Technical Solutions
Improve availabilty of
energy efficiency and CHP
information and tools for
industry

11. Energy Management
Programs/Continuous
Energy Improvement
Ex: 1SO 50001, Superior
Energy Performance (SEP),
ENERGY STAR. and other:

12. Technology
Demonstration
Adoption of existing
technologies

13. Regulatory
Recommendations to
Support CHP.

Offer comprehensive CHP
policies

14. Reduce Uncertainty
Related to State
Interconnection
Harmonization across broad
regions and states

15. Financing Reform
Depreciation rules and
Sarbanes-Oxley Act

Working
Group Goals:

7R M G e At v

Green = IEE and CHP solution
Purple = CHP only solution

Impact of IEE/CHP WG Goals

Energy, quadrillion primary Btu

Where We According to the Energy Information Administration,
Are Today:

gross domestic product (GDP) growth estimates with

fixed energy intensity, the industrial sector will

consume 41.6* quads of primary energy in the year 41.6
2020 (Business as Usual).

Based on the McKinsey report, 13.4 quads of potential

industrial Btu savings by 2020 exist.** The working

group’s goals to reduce industrial energy intensity by

2.5% annually through 2020 and install 40 GW of new,

cost-effective CHP by 2020 will achieve a reduction of

10.4 quads.***

Scope: Reaching goals would capture 78% of the potential 3.0

energy efficiency in the industrial sector, leaving 3.0
quads to address through other activities.

Resulting 2020 Energy Use if all potential is addressed: 282

* Total industrial sector energy consumption includes refining-related efforts.
* The McKinsey non-transportation industrial estimates were used to calculate the potential for the full industrial sector.
#2020 efficiency potential is based on an estimated 25.2% growth in GDP by 2020 (Annual Energy Outlook 2008) and
afixed industrial energy intensity (energy consumption per value of shipments) through 2020.

"l e e e st Cover 2

Estimated Potential Impacts of
New 40 GW of CHP by 2020*

o Increased CHP capacity by nearly 50%

o Annually save 0.8 quads of fuel

o0 Reduce annual CO2 emissions by 233 MT

o Remove the annual equivalent of 35 million cars off

the road

o Realize $60 million in private sector investment and
250,000 new jobs

* Impact values calculated based on ORNL's 2008 “Combined Heat and Power Effective Energy
Solutions for a Sustainable Future”

7R M G e At v

Collaborating with Stakeholders

State
Energy Offices
U.S. DOE Regional

— Application

Industrial / y Centers
Assessment _—
Centers ’ \
Industry

EPA CHP
Partnership

\ “ "4 l Ass-:;:::teions
-~ i

National Labs IDEA
NETL / ORNL

Midwest USCHPA
Cogeneration

Association
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CEAC Technical Assistance —
CHP, WHR, District Energy

Feasibility Steps o

CEAC Capabilities
Phone and Meeting Inquiries Analysis Performance thru
Feasibility Analysis

Consulting Expertise thru all Steps
Bringing customers and CHP
engineering community together

Site Data Collection

Qualification Screening Analysis

CEAC Project Support
Over 225 assessments & 700
tech support activities
Represents over 1.5 GW
installed or in development

Feasibility Analysis

Investment Grade Analysis

Procurement / Installation / Operation

Questions

Cliff Haefke
(312) 355-3476
chaefkl@uic.edu

www.midwestcleanenergy.org
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i Midwest Clean Energy Application Center
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Combined Heat and Power 101

Public Utility Commission of Ohio

Combined Heat and Power Case Studies:
Voices of Experience

June 20, 2012
Cliff Haefke
Fr D US. DErstment of Enekcy

ﬁ Midwest Clean Energy Application Center
o

-

US DOE Regional Clean Energy
Application Centers (CEACS)

U.S. DOE Midwest Clean Application Center originally
established in 2001 by U.S. DOE and ORNL to support DOE
CHP Challenge

Today the 8 Centers promote the use of CHP, District Energy,
and Waste Heat Recovery Technologies

Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market analysis & evaluation
— Education & outreach
— Technical assistance

o Midwest Website: www.midwestcleanenergy.org

R R ki

Outline

DOE'’s Clean Energy Application Centers
(CEACs)

CHP Overview (Concept, Technology,
Markets, Opportunities, etc.)

Available DOE CEAC Technical
Assistance

B i

DOE Clean Energy Application Centers: Locations, Contacts, and Web Sites

Fuel Utilization by U.S. Utility Sector

More than two-thirds of the
fuel used to generate power in
the US. is lost as heat

Key Part of Our Energy Future is CHP

Form of Distributed

Generation (DG) Traditional System CHP System
An integrated system lmcmcm

Located at or near a CHP
building / facility l¢"m I

Provides at least a portion . ) <

of the electrical load and @ Efficiency Efficiency
Recycles the thermal

energy for

Space Heating / Cooling 8 8 8
Process Heating / reliable, affordable
Cooling energy —today and

Dehumidification for the future.

5o o
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Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventi | CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

Simultaneous generation of heat
and electricity

Fuel is combusted/burned for the
— purpose of generating heat and
g electricity

Normally sized for thermal load
to max. efficiency — 70% to 80%

Conventional
CHP System

Min. eff. = 60%

Typical eff. 70% - 80% Minimum efficiency of 60%

normally required
Normally non export of electricity
Low emissions - natural gas

i Ut i

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy

(heat and electricity) from a single fuel/energy source

Waste Heat Recovery CHP
(also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

Steam Turbine
Heat recovery
steam boiler

Waste heat from the
industrial process

Energy

Intensive =
Industrial

Heat produced for the

Process

Simultaneous gener:
electricity.

No additional fossil fuel combustion
(no incremental emissions)

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Two (2) Forms of CHP

Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

Waste Heat Recovery CHP
(also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

Heat recovery
steam boiler

Energy
Intensive
Industrial
Process

Conventional
CHP System

ot SR

CHP Integrated Technologies /

Components

o Prime Movers

— Turbines (Combustion, Steam, Micro)

— Reciprocating Engines
— Fuel Cells
- ORC

o Thermal Technologies
— Heat Exchangers
— Absorption Chillers
— Desiccants

o Controls

Fuels
Natural Gas
Biogas / Biomass
Landfill Gas
Waste Products
Exhaust Gases
Other

o Generators

Synchronous
Induction
Inverters

R R ki

CHP Represents a Cost-Effective
Electricity Resource in Ohio

Costof Delivered Electricity - Ohio

Compare
| l_(iTrmpTr(e

CHP thermal credit reflects the cost of
T rTn—— boiler fuel avoided by capturing and
i Mibrss Clean tmergy Apglicstion Coster Using the waste heat from CHP

Attractive CHP Markets

Industrial Commercial
Chemical Data centers
manufacturing Hotels and casinos
Ethanol Multi-family housing
Food processing Laundries
Natural gas pipelines Apanmer‘us‘
Petrochemicals Office buildings
Pulp and paper warehouses
Refining Restaurants
Rubber and plastics Supermarkets

Green buildings

@20 6

Institutional Agricultural
Hospitals Concentrated
Landfills animal feeding
Universities & operations
colleges Dairies
Wastewater Wood waste
treatment (biomass)
Residential
confinement

5o o




CHP Is Used at the Point of Demand

3,700 CHP Projects

558 CHP Projects

Saves 1.8 quads of
fuel each year

CO, reduction =
removing 430 GW coal plants

CO, reducation =
removing 42 million cars

R G e Appicsion Cmier

Snapshot of Ohio CHP Market
| Current |Tech Potential]

CHP Implementation in Ohio 566.6 MW 9,800 MW
CHP % of Total Ohio Electric Generation 1.7% 29.4%
Nationally, CHP % of Total Generation 8.0% -
Gen. Potential

Bepe; 2132 CHP Technical Potential

Chemicals 2,838

Primary Metals 430

Food 310

Other Industrial 767

Commercial/Institutional 3,082

Total 9,800

f o

Market Trend of U.S. CHP Installation
Capacity

Annual Capacity Additions

Annual Capacity Additions (GW)
©

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011-
2013

_ Based on projects under
Source: ICF CHP Datahase Tl st Civan ey Application Conter CONSETUCEION OF i design phase

CHP Market Development —
Emerging Drivers

O Growing recognition of CHP benefits by state and
federal policymakers

O Emissions regulations impacting non-utility boilers
O Upward pressure on electricity prices

O Favorable natural gas outlook

R R ki

CHP Potential in Boiler MACT
Affected Facilities

o Highest concentration of affected facilities in Midwest

Boilers, by state
L_| Oboilers

B 1-5b0ilers
Il 610 boilers

Bl 11-20 boilers

Bl 21-40 boilers

- 40+ boilers

Midwest “Spark Spread” Improving

Favorable Upward Pressure on
Natural Gas Outlook Electricity Prices
Henry Hub Gas Prices Will 30:GW of Midwest Coal Fired
Average Projected Between Utility Power Plants impacted
$5 and $7 per MMB{u by EPA regulations

T M —
Wl

RERERRERR

T Ty Source: ICF International
B, it Choan Inergy Applcation Comies




Ave. Electric Price & At-Risk Coal Capacity

E

8

States in regions with medium level of at-risk coal capacity
States in regions with some at-risk coal capacity
States in regions without at-risk coal capacity

[l States in regions with highest level of at-risk coal capacity
National average

Florida

Pannsylvania

Rhode island_ E—

District of Columbia

Maryland
Delaware

Average Retail Electricity Rate (cents per kWh)
el « B
New Hampshire I —————
Ak ——————

Source: FVB Energy, Inc.

CHP is a Key Component of Distributed Energy
within DOE’s Advanced Manufacturing Office
(AMO)

Accelerated CHP has proven its effectiveness and holds promise for the
future—as an:

Environmental Solution — Significantly reducing CO2 emissions through
greater energy efficiency

Competitive Business Solution — Increasing efficiency, reducing business
costs, and creating green-collar jobs

Local Energy Solution — Deployable throughout the U.S.

Infrastructure Modernization Solution — Relieving grid congestion and
improving energy security.

B i

Feasibility Steps

Phone and Meeting Inquiries
Site Data Collection
Qualification Screening Analysis
Feasibility Analysis

Investment Grade Analysis

Procurement / Installation / Operation

DOE CEAC CHP Technical
Assistance

CEAC Capabilities
Analysis Performance thru
Feasibility Analysis
Consulting Expertise thru all Steps
Bringing customers and CHP
engineering community together

CEAC Project Support
Over 225 assessments & 700
tech support activities

Represents over 1.5 GW
installed or in development

R R ki

Thank You

Cliff Haefke
(312) 355-3476
chaefkl@uic.edu

www.midwestcleanenergy.org
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Session 2
“Opportunities and Potential for
Industrial CHP”

Panel Moderator:
John Cuttica: Director Energy Resources Center —
Univ. of lllinois @ Chicago

Panelists:
Edward Mardiat: Director of On-Site Energy & Power Project Development,
Burns & McDonnell

Kevin Bright: Managing Director, Non-Residential Products & Strategy,
Duke Energy

Steve Caminati: Director, Advanced Energy Economy Ohio
Industrial Energy Efficiency & CHP Dialogue

U.S. DOE Regional Meting - Midwest
June 21, 2012

L GRTEY -
|, Clean Energy Application Centerss

U.S. DOE Midwest Clean Energy
Application Center

= Mission: Promote and assist in transforming the
market for combined heat and power, waste heat
recovery, and district energy technologies and
concepts throughout the 12 State Midwest Region

= Regional Strategy (Focus): Provide -
an outreach and technology s
deployment programto end users. = /¥ "Ee
policy, utility, & industry P e G
stakeholders aimed at: e ,_.4 J
> Education and Outreach wor = commtin

‘Association
National Labs

e Market Assessments e om
e Technical Assistance (project support)

L GTEY -
. Clean Energy Application Centersrs

Evolving Midwest CHP Landscape

\ NG prices fall and long term price
* Focus on projections look good

specific markets 004 009
(healthcare,
colleges/universiti

*Upward pressure on electric
prices (pending EPA regs including

es, industrial +Sharp increase in NG Boiler MACT)
gzg%ﬁﬂ‘gﬁl’:}' g;i’gea‘sjs(jen Rlesparty «Industrial sector starts to rebound
« Focus on NG «Focus shifted to *Result: Focus on anaerobic
fueled topping opportunity fueled digester and WHR applications
cycle CHP topping cycle CHP and expanded to once again include
WHR/bottoming cycle natural gas topping cycle CHP
* Main efforts CHP applications (emphasis on industrial
were education T — o market)
ji «Top priority - anaerobic
zﬂngﬂJeCt digpeSter al.)llplications « Policy efforts increase with State
(livestock manure, food RPS/ EEPS, DOE Six State Effort,
processing, wastewater SEEAction, Changes in State

treatment facilities) Administrations, Renewed State
«Increase in policy Interest in CHP/WHR,

related work

(interconnect standards, 010 0
net metering,) \

L GRTEY -
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Snapshot Midwest

Midwest Installed CHP Generation Capacity
by Market Sector (11,000 MW)

Other , 265
Colleges/Univ., 1,160 Asrculture, 72 Food Processing , 1,055

Healthare , 118

Pulp and Paper , 1,415
Solid Waste, 828

Chemicals , 2,151

Refining, 1,032

L GTEY -
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Snapshot Midwest
Midwest Installed CHP Capacity
Total: 11,000 MW

Industrial: 8,600 MW, Com/Inst.: 1,500 MW, Organic Waste: 900 MW

3,500

3,000

2,500

2,000

1,500

1,000

500

A L IN  KS M MN MO ND NE OH SD Wi

 Industrial = Comm/Inst 1 Opp Fuels

L GRTEY -
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Snapsbot Midwest
Installed vs. Technical Potential
11,000 MW 41,400 MW
9,000
8,000 .
7,000

6,000
5,000
4,000
3,000
2,000
1,000

1A L IN KS ™Ml MN MO ND NE OH SD WI

M Industrial m Comm/Inst W Opp Fuels
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Snapshot Midwest

CHP Potential in Boiler MACT

Affected Facilities

= Highest concentration of affected facilities in Midwest
T Boilers, by state

b

0 boilers
B 1-50oiers
Il 510 boilers

Il 11-20 boilers

I 21-40 boilers

W o voiiers

’.i\_ LS, Dirs
&, Clean Enes

w1 o Exemcy
y Application Centerss

Snapshot Midwest
Boiler MACT Affected Boilers

172 Facilities

m # of Coal Boilers ~ m# of Oil Boilers = # of Biomass Boilers

5. DirasTugnT

’.i\_ u o Enavcy
& Clean Encrgy Application Centersts

CHP Investment Considerations

= Energy Costs (electric, gas, standby rates, demand
charges)

= Value Proposition for the Customer (reduce energy
costs, increase reliability, emission compliancy, power
quality - impact on bottom line)

= Value Proposition for the Utility (why should they be
interested?)

= State Policies have a Large Impact (interconnect
standards, permitting, portfolio standards, financing,
rate structures)

= Developers follow the path of least resistance

\_ LLS, Dirastaent o Exawcy
B Clean Energy Application Centerss

Today’s Panelists

Edward Mardiat: Director of On-Site Energy &
Power Project Development, Burns & McDonnell

Kevin Bright: Managing Director, Non-Residential
Products & Strategy, Duke Energy

Steve Caminati: Director, Advanced Energy
Economy Ohio

’.i\_ ULS. Dipwsunt or Esamcy
B Clean Energy Application Centersrs




CHP Project Costs Screening

Public Utility Commission of Ohio

Combined Heat and Power: Financial Tools Workshop
Columbus, OH

August 2, 2012
Cliff Haefke

Fa US, Derartmint of ENercy

s\ Midwest Clean Energy Application Center
® BY APP

-

Outline

CHP project development process
Qualifying a CHP system

CEAC technical assistance

B i

US DOE Regional Clean Energy
Application Centers (CEACS)

U.S. DOE Midwest Clean Application Center originally
established in 2001 by U.S. DOE and ORNL to support DOE
CHP Challenge

Today the 8 Centers promote the use of CHP, District Energy,
and Waste Heat Recovery Technologies

Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market analysis & evaluation
— Education & outreach
— Technical assistance

o Midwest Website: www.midwestcleanenergy.org

R R ki

DOE Clean Energy Application Centers: Locations, Contacts, and Web Sites

Advantages & Benefits of CHP

Remember... CHP does not make sense in every application, but
when it does, it can provide the following benefits

Lower energy costs

Reduced energy consumption ~
. \ |®

Increased electric reliability

Standby power

I

Improved environmental quality :

Good public relations

And more... ~

5o o

Evaluating Facilities on an Individual Basis

All buildings and market sectors are not identical in terms of
Energy consumption
Energy demands
Operating schedules

Size of facilities

Geographic location
Electric and natural gas utilities
Environmental concerns

Therefore... it’s important to evaluate facilities individually!

TR ST apptcaton Comiee




CHP Process Development Steps

Procurement
. (PVEsimEm Installation

Grade Operation
o Feasibility Analysis
Study
® p
Qualification
® it
Request
0L Wit Choan e Applcation Comer 12

CHP Qualification Questions

Do you pay more than $.06/kWh on average for
electricity (including generation, transmission and
distribution)?

Are you concerned about the impact of current or future
energy costs on your business?

Are you concerned about power reliability? Is there a
substantial financial impact to your business if the power
goes out for 1 hour? For 5 minutes?

0L Wit Choan e Applcation Comer

CHP Quallification Questions (2)

Does your facility operate for more than 5000 hours per
year?

Do you have thermal loads throughout the year
(including steam, hot water, chilled water, hot air, etc.)?

Does your facility have an existing central plant?

i - rpmory Lo SR

CHP Qualification Questions (3)

Do you expect to replace, upgrade, or retrofit central
plant equipment within the next 3-5 years?

Do you anticipate a facility expansion or new
construction project within the next 3-5 years?

Have you already implemented energy efficiency
measures and still have high energy costs?

i - rpmory Lo SR

CHP Qualification Questions (4)

Are you interested in reducing your facility's impact on
the environment?

Do you have access to on-site or nearby biomass
resources (i.e. landfill gas, farm manure, food processing
waste, etc.?

f ol P

Attractive CHP Markets

Industrial Commercial Institutional Agricultural
Chemical Data centers Hospitals Concentrated
manufacturing Hotels and casinos Landfills animal feeding
Ethanol Multi-family housing Universities & operations
Food processing Laundries colleges Dairies
Natural gas Apartments Wastewater ‘Wood waste
pipelines Office buildings treatment (biomass)
Petrochemicals Refrigerated Residential
Pharmaceuticals warehouses confinement
Pulp and paper Restaurants
Refining Supermarkets

Rubber and plastics Green buildings

f ol P




Collecting Site Information for a
CHP Evaluation

Facility data and industry information
Facility motivation for CHP
Electric/thermal loads, needs, and costs

Major HVAC, electric, and thermal
(heating & cooling) equipment

jf Wi —

Example Screening Calculation
Loads & Assumptions

Site Characteristics

Facility Type Hospital
Annual Hours of Operation, hrs 8,520
Average Power Demand, MW 10.4
Average Thermal Demand, MMBtu/hr 50.0
Thermal Fuel Costs, $/MMBtu 6.00
CHP Fuel Costs, $/MMBtu 6.00
Average Electricity Costs, $/kWh 0.08
Percent Electric Price Avoided* 90%

* Typically 70-95%

L Ml Cean tmergy Apgliction Conte

Example Screening Calculation (2)
CHP System Assumptions

Net CHP Power, MW (based on thermal match) 10.2
CHP Electric Efficiency, % (HHV) 29.1%
CHP Thermal Output, Btu/kWh 4,922
CHP Availability, % 96%
Incremental O&M Costs, $/kWh 0.009
Displaced Thermal Efficiency, % 80.0%
CHP Thermal Utilization 100.0%

i - rpmory Lo SR

Example Screening Calculation (3)
Annual Energy Results

Purchased Electricity, kWh 88,250,160 5,534,150
Generated Electricity, kWh 0 82,716,010
On-Site Thermal, MMBtu 426,000 18,872
CHP Thermal, MMBtu 0 407,128
Boiler Fuel, MMBtu 532,500 23,590
CHP Fuel, MMBtu 0 969,845
Total Fuel, MMBtu 532,500 993,435

i - rpmory Lo SR

Example Screening Calculation (4)
Annual Operating Costs & Simple Payback

Annual Operating Costs CHP Case

Purchased Electricity, $ $7,060,013 $1,104,460
On-Site Thermal Fuel, $ $3,195,000 $141,539
CHP Fuel, $ $0 $5,819,071
Incremental O&M, $ $0 $744,444
Total Operating Costs, $ $10,255,013 $7,809,514
[Simolepaypack Carciaions ||
Annual Operating Savings, $ $2,445,499
Total Installed Costs, $/kW $1,400
Total Installed Costs, $ $14,221,861

Simple Payback, Years 5.8

CHP Market Development — Emerging Drivers

Growing recognition of
CHP benefits by state and
federal policymakers

Emissions regulations
impacting non-utility
boilers

Upward pressure on
electricity prices

OH Governor Kasich signing energy Senate Bill 315
Source: Akron Beacon Journal Online, 07/2012

Favorable natural gas
outlook
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CHP Market Development — Emerging Drivers

Growing recognition of
CHP benefits by state and
federal policymakers

Emissions regulations
impacting non-utility
boilers

Upward pressure on .
electricity prices B oosoes

Favorable natural gas 2
outlook R
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CHP Market Development — Emerging Drivers

Growing recognition of

CHP benefits by state and Upward Pressure on

federal policymakers Electricity Prices
45+ GW of Coal Fired Utilit

Emissions regulations Plants impacted by

impacting non-utility EPA regiiations

boilers I

Upward pressure on |
electricity prices "

Favorable natural gas

Source! ICF International

outlook

i RO

CHP Market Development — Emerging Drivers

Growing recognition of

CHP benefits by state and Favorable

federal policymakers Natural Gas Outlog
Henry Hub Gas Prices Wil

Emissions regulations Average Projected Between

impacting non-utility Sae 28 pe Sl

. e
boilers Gas Prices at Henry Hub (2010$/MMBtu)

Upward pressure on
electricity prices

-eeMistoric —— Projected (Rolling 3-year Average}

Favorable natural gas
outlook

Source: ICF International

B Midant Clain Imrgy Application Conise

CHP Assistance from CEACs

CEAC Capabilities
Qualification thru Feasibility Analysis
Consulting Expertise thru all Steps

Bringing customers and CHP
engineering community together

Procurement
‘ (EVESTER Installation

Grade Operation
( ] Feasibility Analysis
Study
® CHP
Qualification CEAC Project Support
Over 225 assessments & 700 tech
(] " S
Site support activities
Request .
Represents over 1.5 GW installed
or in development
B TS Arplicaion Comte 12

Thank You

Cliff Haefke
(312) 355-3476
chaefkl@uic.edu

www.midwestcleanenergy.org
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Combined Heat & Power (CHP) and Waste
Energy Recovery (WER) Opportunities for
Ohio Industries

Tuesday, September 25, 2012
7t Annual Northern Ohio Energy Management Conference

John Cuttica
Director, Energy Resources Center
University of lllinois at Chicago
US DOE Midwest Clean Energy Application Center

2 LS. Durasrans of Exency
b\ Midwest Clean Energy Application Center
L

-

www.midwestcleanenergy.org

U.S. Clean Energy Application
Centers (CEACYS)

CEAC Mission and Focus

CEAC Mission: Develop technology application knowledge and
the educational infrastructure necessary to promote “clean
energy” technologies as viable energy options and reduce any
perceived risks associated with their implementation.

CEAC Focus: Assist in transforming the market for
CHP, WER, and DE technologies and concepts
throughout the United States by providing:

Market Analysis Education & Technical
& Evaluation Outreach Assistance

DOE Clean Energy Application Centers: Locations, Contacts, and Web Sites

DOE Clean Energy
Application Cent
Program Contacts

Traditional Energy Systems
VS.
CHP System Concept

Fuel Utilization by U.S. Utility Sector

More than two-thirds of the
fuel used to generate power in

ot G 1 the US. is lost as heal

Mo Ectric Powes 13 0%

The energy lost in the U.S. from wasted heat in the utility




Traditional Energy Systems

QUCTICA
Central Station

Power Plant
32% efficiency

Electricity

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

Simultaneous generation of heat
and electricity

Fuel is combusted/burned for the
— purpose of generating electricity
Elel:ml:uly/ and heat

Normally sized for thermal load
to max. efficiency — 70% to 80%

Minimum efficiency of 60%
normally required

Conventional
CHP System

Min. eff. = 60%
Typical eff. 70% - 80%

Normally non export of electricity

Low emissions - natural gas

Conventional CHP - Topping Cycle CHP

NN oY o TN

Fuel Prime Mover Generator | f Electricity

On-Site Consumption

Reciprocating Engines

Natural Gas
Propane
Biogas
Landfill Gas

Combustion Turbines
Microturbines
Steam Turbines

|
Fuel Cells '
|
I

Sold to Utility:

Coal

Steam

Waste Products
Others

Thermal

Steam

Hot Water
Space Heating
Pracess Heating
Space Cooling
Process Cooling
) Dehumidification

Conventional CHP

What drives system efficiency in a
conventional CHP system?

Ability to utilize as much of the thermal energy as possible +
coincidence between thermal and electric loads

To ensure high system efficiency, how would
you size a conventional CHP system?

Size for thermal base-load and generate electricity when operating to
meet the thermal load

What maximizes the effectiveness of a
conventional CHP system?

Long operating hours + max efficiency = max savings/effectiveness

CHP Role in Our Environmental Future
Impact on Carbon Emissions

TOTAL
TRADITIONAL SYSTEM @ EMISSIONS @ CHP SYSTEM

KTonsyear Klons'year

186 Ib/MMEB
' = ELECTRICITY

or 4
117 MMBE

Source: http://www.chpcentermw.org/pdfs/ORNL_Report_Dec2008.pdf

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Waste Energy Recovery CHP
(also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

Steam Turbine

Waste heat from the
industrial process

Normally produces I
Intensive — electric generation (often exports
Industrial # electricity to the grid; base load

Process

Energy

i it
Heat produced for the st

industrial process

Required high tel
fow hanging




Waste Energy Recovery CHP - Bottoming Cycle CHP

e
| e K s Generator Electricity

Heat Engine
(Organic Rankine Cycle) Steam

Hot Water
Space Heating
Process Heating
Space Cooling
Process Cooling
Dehumidification

Hot Water

x
I ﬁm m On-Site Consumption
I I ﬁ Sold to Utility
| Prime Mover
I Plant Steam Turbines
1| Process Thermal
I
I

Waste Energy Recovery CHP

No additional fossil fuel (capturing waste heat as the fuel)
No incremental emissions

Like conventional CHP, power generated at site (DG)
Base load generation — industrials operate 24/7

High temp (> 800°F) is low hanging fruit industrial

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Two (2) Forms of CHP

Conventional CHP Waste Energy Recovery CHP
(also referred 1o as Topping Cycle CHP or Direct Fired CHP) (also referred to as Bottoming Cycle CHP o Indirect Fired CHP)

Steam Turbine
Heat recovery
steam boiler

Energy
Intensive
Industrial
Process

Electricity

Conventional
CHP System

~_ Fuel

CHP Nomenclature

Waste Heat Recovery
CHP (WHR)
Bottoming Cycle CHP
Waste Energy
Recovery CHP (WER)
Waste Heat to Power
CHP (WHP)

Positive Impacts and Benefits
(U.S. Businesses)

Reduces energy costs for the end-user

Increases energy efficiency, helps manage
costs, maintains jobs

Reduces risk of electric grid disruptions &
enhances energy reliability

Provides stability in the face of uncertain
electricity prices

Positive Impacts and Benefits
(Nation)
Provides immediate path to increased energy
efficiency and reduced GHG emissions

Offers low cost approach to new electricity
generation capacity and lessens the need for
new T&D

Uses abundant, domestic energy sources

Uses highly skilled local labor & American
technologies




CHP System Configuration

Normal CHP Configuration

CHP Systems are Normally Installed in Parallel

with the Electric Grid (CHP does not replace the
grid)

Both the CHP and Grid Supply Electricity to the

Customer

Recycled Heat From the Prime Mover Used for:

Space Heating (Steam or Hot Water Loop)
Space Cooling (Absorption Chiller)
Process Heating and/or Cooling
Dehumidification (Desiccant Regeneration)

CHP Is Used at the Point of Demand
3,600 CHP Projects }

81,700 MW

o
Saves 1.8 quads of
fuel each year

Eliminates 241 M tons of
CO, each year X

CO2 reduction s
equivalent to L " A .
eliminating forty 1,000 . CHP/WHR is an

MW coal power plants Underutilized Resource!!!

Source: ICF International

What Makes A Good CHP Application?

Good Coincidence Between Electric and
Thermal Loads

Large Cost Differential Between Electricity
(Grid) and CHP Fuel --- “Spark Spread”

Long Operating Hours
Economic Value of Power Reliability is High

Installed Cost Differential Between a
Conventional and a CHP System (smaller is
better)

Attractive CHP Applications

@20 6

Industrial Commercial Institutional Agricultural
Chemical Data centers Hospitals Concentrated
manufacturing Hotels and casinos Landfills animal feeding
Ethanol Multi-family housing Universities & operations
Food processing Laundries colleges Dairies
Natural gas pipelines Apartments Wastewater Wood waste
Petrochemicals Office buildings treatment (biomass)

Pl itical Refri Residential
Pulp and paper warehouses confinement
Rubber and plastics Restaurants

Supermarkets
Green buildings

White House Executive Order

President Obama signed an
Executive Order to accelerate
investments in industrial EE
and CHP (8/30/12)

Sets national goal of 40 GW of
new CHP installation over the
next decade

New DOE / EPA CHP Report (8/2012)

Directs agencies to foster a
national dialogue

Directs US DOE, US DOC,
USDA, and US EPA to
coordinate actions at the
Federal level

Executive Order: he-press-office/201: I
Report: hitp://wwwl neray. clean_eneray solution.pdf




Snapshot of Ohio CHP Market
| curent | Potential |

CHP Implementation in Ohio 766.6 MW 9,800 MW
CHP % of Total Ohio Electric Generation 2.3% 29.4%
Nationally, CHP % of Total Generation 8.0% -
Gen. Potential

g\

Paper 2,329 ~ CHP Technical Potential

Chemicals 2,838 | .

Primary Metals 430

Food 310 b

Other Industrial 767 4

Commercial/Institutional 3,082 =

Total 9,800 _’l 7

CHP Represents a Cost-Effective
Electricity Resource in Ohio

Costof Delivered Electricity - Ohic

Compare

Compare $

Py T—

ot e Gomarate Pwnr

CHP thermal credit reflects the cost of boiler fuel
avoided by capturing and using the waste heat from CHP

CHP as a Boiler MACT Compliance
Alternative
Compliance with MACT limits will be expensive for many
coal and oil users
Many are considering switching to natural gas
Conversion for some oil units
New boilers for most coal units
Some are considering moving to natural gas CHP (gas
turbine system)

Potential for lower steam costs due to generating own
power

Higher overall efficiency and reduced emissions

Higher capital costs, but partially offset by avoided costs for
emissions controls or new gas boiler

Investment rather than control cost

MACT Affected Boilers in the Midwest

Coal 398 84,495
Heavy Liquid 82 11,760
Light Liquid 79 6,487
Biomass 67 8,705
Process Gas il 18,892
Total 697 130,339

Includes industrial, commercial and institutional boilers only

Ohio’s 215t Century Energy Plan
SB 315 Becomes Law

Material for this part of the presentation provided by the
Ohio Environmental Council — Trish Demeter

Overview — Ohio's Renewable &
Efficiency Standards

« 2008 —SB 221 established Renewable Portfolio
Standard (RPS) and Energy Efficiency Resource
Standard (EERS)

- RPS =12.5% Renewable Energy by 2025

- EERS =22% Cumulative Energy Savings by 2025

- Penalties for non-compliance associated with
annual % benchmarks

- CHP mentioned in Tier 2 Advanced Energy
Resources provision (no requirements, no
enforcement, ineffective)




Senate Bill 315

Introduced in March, 2012 as result of
Gov. Kasich’s “21st Century Energy Plan”

Includes amendments to SB 221's RPS
and EERS provisions

Signed into law,
June 11t, 2012

CHP and WER Definitions in SB 315

“Waste Energy Recovery System”

« afacility that generates electricity through the
conversion of energy from either:

- exhaust heat from engines or manufacturing,
industrial commercial, or institutional sites,
except for exhaust heat from a facility whose
primary purpose is the generation of electricity;
or

- reduction of pressure in gas pipelines before gas
is distributed through the pipeline, provided that
the conversion of energy to electricity is
achieved without using additional fossil fuels.

CHP and WER Definitions in SB 315

“Combined Heat and Power System”

« Defined as:

- the coproduction of electricity and useful
thermal energy from the same fuel source
designed to achieve thermal efficiency
levels of at least 60% with at least 20% of
the system’s total useful energy in the form
of thermal energy.

SB 315 Changes

« Waste Energy Recovery Systems will be able
to qualify as a renewable energy under the
RPS

- Project owner will be able to obtain
renewable energy credits (RECs) for each
MW produced. Utilities may procure or
own WER projects

SB 315 Changes

« WER and CHP will qualify as an energy efficiency
measure under the EERS

- Energy savings from a WER or CHP system will be
able to be applied to a utility's efficiency targets

- Savings claimed by a utility from CHP and WER
systems cannot exceed the percentage ratio of total
industrial customer load relative to total load

- WER system owners must qualify their projects as
either renewable or efficiency; one project cannot
qualify as both.

SB 315 Next Steps

« Effective Date of Legislation: September 10, 2012

« Public Utilities Commission of Ohio (PUCO) will
develop rules pertaining to their sections of the
bill.

« Rules will be filed with the Joint Committee of
Agency Rule Review (JCARR) after the effective
date of the legislation

- Public hearing schedule over 90 days

- Public comments will be accepted




SB 315 Rules

« As it pertains to EERS, PUCO rules will likely
determine:

- How energy savings are calculated for CHP
and WER systems, as it pertains to the EERS

- The “life of the measure”
- Measurement and Verification of savings

- Cost — Benefit or Total Resource Cost
mechanism

Utility Efficiency Programs

« As it pertains to CHP and WER as an energy
efficiency measure, individual utility programs
will likely determine:

- Revenue mechanisms for savings-per-
kilo/megawatt-hour — rebates,
performance payments, subsidize
equipment, etc.

More Information on CHP and WER
Happenings in Ohio

Ohio Coalition for Combined Heat and Power

www.midwestcleanenergy.org/ohiochp

Public Utility Commission of Ohio

www.puc.state.oh.us/puco/

CHP / WER Opportunities for Ohio

Large technical potential for CHP/WER
Low natural gas price outlook

Upward pressure on electric prices (coal power
plant closings)

Industrial Boiler MACT rules

SB 315 presents RPS/EERS options
State Energy Loan Fund (ODOD)
Joint PUCO/DOE efforts

Ohio Coalition for CHP

Case Studies

Case Studies:
OH CHP Projects

Bay View Wastewater
Treatment Plant
Toledo, OH

Capacity: 10 MW

Fuel: Biogas / LFG / NG
Prime Mover: Comb. Turbine
Installed: 2010




Case Studies:
Ohio CHP Projects

Kent State University
Kent, OH

Capacity: 12 MW

Fuel: Natural Gas

Prime Mover: Comb. Turbines
(1 x 5SMW and 1 x 7MW)
Installed: 2003, 2005

Case Studies:
Ohio CHP Projects

Broshco Fabricated
Products
Mansfield, OH

Capacity: 4.6 MW

Fuel: Natural Gas

Prime Mover: Reciprocating Engines
Installed: 2000, 2005

Control Room Switchgear

Waukesha APG 1800 rpm ARES Test Engine

Case Studies:
OH CHP Projects

Millenium Inorganic
Chemicals
Ashtabula, OH

Capacity: 28 MW

Fuel: Natural Gas H .
Prime Mover: Comb. Turbines and Mlllen nlum
Steam Turbines ‘”’D!'Q?['IIC Chemicals
Thermal: Steam delivered to MIC A Gk Conpony
Installed: 2001 PD"ke
@Energy-

Generation Services

Case Studies:
OH CHP Projects

SunCoke Energy
Middleton, OH

Facility: 100 ovens

Capacity: 48 MW

Fuel: Waste

Prime Mover: Steam
Turbines

Installed: 2011

Case Studies:
OH CHP Projects
Lima Wastewater

Treatment Plant
Lima, OH

WWTP Size: 14 MGD
CHP Capacity: 65 kW
Fuel: Biogas

Installed: 2002

Prime Mover: Microturbine
(plans for 2nd MT)

-
Gas Compression Gas Refrigeration Static Filter (siloxane) Microturbine

Thank You

John Cuttica Cliff Haefke
(312) 996-4382 (312) 355-3476
cuttica@uic.edu chaefkl@uic.edu

www.midwestcleanenergy.org

A LS, Disaxmvin or Estroy

é Midw!:st Clean Energy Application Center

"
A program at A program sponsored by
o l'IIQ_Fnerny Resources s s | Engen licinncy
L A ENERGY PReneswabie Ensmy




Natural Gas Key Account Reps Training
for Combined Heat and Power (CHP)

Public Utility Commission of Ohio

Columbus, Ohio =
==&
T
December 7, 2012 TRy --__ :

John Cuttica / Cliff Haefke

Fa US, Derartmint of ENercy
»  Midwest Clean Energy Application Center
B BY APPY
-

Outline

CHP Value/Impact to NG Suppliers and
Current Industry Drivers

CHP Technologies
Where Does CHP make sense?

Screening a facility for CHP potential

DOE Clean Energy Application Centers: Locations, Contacts, and Web Sites

HORTHWEST

ENERGY ASSOCIATION
e vy ey

DOE Clean Energy

Application Cent

Program Contacts
o

Natural Gas Key Accounts Training for
Combined Heat and Power (CHP)

Purpose:
Understand fundamentals of CHP
Understand the types of CHP
Present why CHP can bring value to your customers

Be able to identify where CHP might make technical
and economic sense

Where to find assistance once a CHP potential site is
identified

Not to become CHP experts in one workshop

AL, Mt Cioun tovrgy Applcation Comer

US DOE Regional Clean Energy
Application Centers (CEACS)

U.S. DOE Midwest Clean Application Center originally
established in 2001 by U.S. DOE and ORNL to support DOE
CHP Challenge

Today the 8 Centers promote the use of CHP, District Energy,
and Waste Heat Recovery Technologies

Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market analysis & evaluation
— Education & outreach
— Technical assistance

o Midwest Website: www.midwestcleanenergy.org
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Fuel Utilization by U.S. Utility Sector

More than two-thirds of the
fuel used to generate power in

Naburad G 169 the US. is lost as heat

Petrateum © 7%
[er——r

Muctear e Power 15 0%

Ramressbie Eergy 10 1% 5




Conventional Delivery of Heat &
Power

Waste Heat

[
units

Power Plant
32% efficiency

Waste Heat
11
units

Useful Heat
45
units

[
Electricity

\
m

150 units Total Fuel

Boiler/Furnace
80% efficiency

56
units

CHP Recaptures Much of that Heat,
Increasing Overall Efficiency of
Energy Services.....

Power Plant
32% efficiency

Boiler/Furnace
80% efficiency

Electricity
¥ X

.. R

150 units Total Fuel

CHP

75% efficiency

|

56

units

X

45
units

.... and Reduces Greenhouse Gas
Emissions

]
Power Plant Electricity
32% efficiency | A |

80% efficiency

CHP

75% efficiency

i

45
units

{ 30 to 55% less greenhouse gas emissions

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fir

CHP)

Simultaneous generation of heat
and electricity

Fuel is combusted/burned for the
- purpose of generating heat and
.__E'e“"”“y/ electricity

Normally sized for thermal load
to max. efficiency - 70% to B0%

Minimum efficiency of 60%
normally required

Normally non export of electricity

Conventional
CHP System

Min. eff. = 60%
Typical eff. 70% - 80%

Low emissions — natural gas

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventi | CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

Reciprocating Engine
Aero derivative Gas Turbine

Conventional
CHP System

Micro turbine
Fuel Cell
Boiler Steam Turbine

Min. eff. = 60%
Typical eff. 70% - 80%

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Waste Heat Recovery CHP
(also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

Steam Turbine
Heat recovery
steam boiler

Waste heat from the
industrial process

Normally produces larger amounts
electric generation (often exports
electricity to the grid; base load
electric power)

Energy

Intensive —
Industrial
Heat produced for the

industrial process Required high tei
ow hanging

Process




Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Two (2) Forms of CHP

Conventional CHP Waste Heat Recovery CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP) (also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

Steam Turbine
Heat recovery
steam boiler

Electricity

' | Conventional
CHP System

Energy
Intensive
Industrial
Process

~_ Fuel

CHP Value to NG Suppliers

Building gas load

Increasing the value you bring to your
customers

Example: Determining Increased
Gas Load for 3,000 kW CHP System

3,000 kW CHP system operating 3,120 hours per year (i.e.
12 hrs/day, 5 days/wk)
CHP Effic. @ 73% -- Elec. Conversion Effic. @ 36% HHV

3,000 kW elec

88,858 Dth NG |
Electricity

&
Fuel

Conventional
CHP System

32,854 MMBtu Recovered Heat
41,067 Dth Fuel Offset

1.) CHP Value/Impact to
NG Suppliers and
Current Industry Drivers

CHP

75% efficiency

Boiler/Furnace
80% efficiency

Combined Efficiency Combined Efficiency
~50% ~75%

o0 Baseline Fuel Consumption = 56 units

45
units

0 CHP Case Fuel Consumption = 100 units

o0 On-Site Fuel Increase of 44 units (i.e. 79% increased load)

Example: Determining Increased
Gas Load for 3,000 kW CHP System

800 kW CHP System Operating 12/5

Gross CHP Fuel Consumption 88,858 Dth




Example: Determining Increased
Gas Load for 3,000 kW CHP System

800 kW CHP System Operating 12/5

Gross CHP Fuel Consumption 88,858 Dth

Heat Recovery Fuel Offset* 41,067 Dth

"' Mt e Chean By Apple st Eovmer

Example: Determining Increased
Gas Load for 3,000 kW CHP System

800 kW CHP System Operating 12/5

Gross CHP Fuel Consumption 88,858 Dth
Heat Recovery Fuel Offset* 41,067 Dth
Net CHP Fuel Consumption 47,791 Dth

* Fuel that would have been consumed by boiler in baseline case.

CHP system operating 12/5 (3,120 hr/yr) with margins
of $1/Dth would profit $47.8K

"' Mt e Chean By Apple st Eovmer

Example: Determining Increased
Gas Load for 3,000 kW CHP System

800 kW CHP System Operating 12/5 Operating 24/7

Gross CHP Fuel Consumption 88,858 Dth 249,485 Dth
Heat Recovery Fuel Offset* 41,067 Dth 115,304 Dth
Net CHP Fuel Consumption 47,791 Dth 134,181 Dth

* Fuel that would have been consumed by boiler in baseline case.

CHP system operating 24/7 (8,760 hr/yr) with margins
of $1/Dth would profit $134.2K

"' Mt e Chean By Apple st Eovmer

Increasing On-Site Gas Load
Wlth CHP SyStemS (reciprocating engines)

250,000
£ 200,000
a ———
S 150,000 I I
[=N
£ 100,000 I I
g I
8 1
o 50,000 |
E '
T S — - I
S 100 300 800 3,000 I 5,000
£ & ]
< CHP System Size (kW)

m Operating 3,120 hrs Operating 8,760 hrs

Increasing On-Site Gas Load
with Larger CHP Systems e woies

—~ 2,000,000

=

e

S 1,500,000

S

a

E 1,000,000

(2]

c

o

O 500,000

: [
= — - | |

3 1,150 5457 10,239 25000 40,000
< CHP System Size (kW)

m Operating 3,120 hrs Operating 8,760 hrs

Increasing Value to Your Natural
Gas Customers

Looking out for customer’s overall
interests and energy needs

not just NG consumption

Bringing non-standard energy technology
concepts to customer

Building credibility for future projects

Irrelevant to whether CHP project development
moves forward or not

"' Mt e Chean By Apple st Eovmer




CHP Market Development — Emerging
Drivers

Growing recognition of CHP benefits by state
and federal policymakers

Upward pressure on electricity prices

Favorable outlook for
natural gas supply and
price in North America

Opportunities created by
environmental drivers

Others
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Existing CHP Capacity

~ 8% US generating capacity

~ 12% total annual MWh ik
generated

6% =
Other Industrial
Industrial applications represent i \
87% of existing capacity Other Mfg. ‘
Commercial/institutional

5%
Metals (
8% /
. . Food 18¢
existing capacity: L

29%
Chemicals

/
applications represent 13% of -

— Refining
. —_— 14%
Hospitals, Schools, University Paper
Campuses, Hotels, Nursing Homes,
Office Buildings, Apartment
Complexes, Data Centers, Fitness
Centers
Source: ICF Iternational
Jay Plastics (Mansfield)

. e . Mansfield YMCA (Mansfield)

O h | 0 C H P FaC | I |t| es Warmington Road Facility (Massillon)
SunCoke Middletown (Middletown)
Wheeling-Pittsburgh Steel (Mingo Junction)
Bridgewater Dairy, LLC (Montpelier)

Goodyear Tire & Rubber (Akron)
Diamond Crystal Salt Company (Akron)

City of Akron, OH Department of Public Services Oberlin College (Oberlin)
Composting Facility (Akron) Toledo (Oregon)
Sauder Woodworks Plant (Archbold) Residential Project (Paris)

Millennium Inorganic Chemicals (Ashtabula) Morton Salt (Rittman)
Bygen Corporation (Ashtabula)
Radisson Beachwood Inn (Beachwood)
Glatfelter Research (Chillicothe) Toledo Wastewater Treatment Plant (Toledo)
University of Cincinnati (Cincinnati) St. Charles Hospital (Toledo)

Ivorydale (Cincinnati) Toledo Art Museum (Toledo)

Clarke Gm Diesel (Cincinnati) SeaGate Convention Centre (Toledo)

LTV Steel Cleveland Works (Cleveland) University of Toledo Data Center (Toledo)

Empire Industries (Cleveland) Huntington Center (Toledo)

Deaconess Hospital (Cleveland) Toledo Art Museum - Glass Pavillion (Toledo)
Synthetic Products Company (Cleveland) University of Toledo, Center for Visual Arts (Toledo)

Bay View Wastewater Treatment Plant (Toledo)
Medical College Of Ohio (Toledo)

CERTS Microgrid Test Bed (Columbus) MillerCoors (Trenton)

Stone Container Corporation (Coshocton) Warren Consolidated (Warren)

Wright Patterson AFB (Fairborn) Mills Pride (Waverly)

Wenning Poultry Farm (Ft Recovery) The Ohio State University - Ohio Agricultural Research

City Building (Hamilton) and Development Center (Wooster)

Haverhil Facility (Haverhill) College of Wooster (Wooster)

Kent State University (Kent) City of Wooster (Wooster)

Lima Wastewater Treatment Plant (Lima) Quasar Energy Group - Zanesville Project (Zanesville)
Broshco Fabricated Products (Mansfield)

CHP Is Used at the Point of Demand

2 .'-.%_

8 j+
3,842 CHP Projects -

Saves 1.8 quads of
fuel each year

Eliminates 241 M tons of
CO, each year

CO2 reduction
equivalent to
eliminating forty 1,000
MW coal power plants

Source: ICF International

Snapshot of Ohio CHP Market
| curent | Potential |

CHP Implementation in Ohio 530 MW 9,800 MW

CHP % of Total Ohio Electric Generation 2% 29.4%

Nationally, CHP % of Total Generation 8.0% -

g —
Paper CHP Technical Potential
Chemicals

Primary Metals
Food
Other Industrial

Commercial/Institutional 3,082
Total 9,800

i et Cheam By

CHP Represents a Cost-Effective
Electricity Resource in Ohio

Costof Delivered Electricity - Ohio

4E€—> Compare  <—

Compare
AT A

CHP thermal credit reflects the cost of boiler fuel
avoided by capturing and using the waste heat from CHP




CHP Value Proposition

Combined
Categor 10 MW 10 MW 10 MW 10 MW Cycle
el CHP WHP PV Wind (10 MW
Portion)
85% 85% 25% 34% 67%

Annual Capacity Factor

Annual Electricity 74,446 MWh 74,446 MWh 21,900 MWh 29,784 MWh 58,692 MWh
Annual Useful Heat 103,417 Mwh, 0 0 [ 0
Footprint Required 6,000 ft2 6,000 ft2 1,740,000 ft2 76,000 ft2t NIA
Capital Cost $24 million $30million  $60.5 million  $24.4 million $10 million

Annual Energy Savings 343,747 MMBu 767,176 MMBtu 225,640 MMBu 306,871 MMBtu 156,708 MMBtu
Annual CO, Savings 44,114 Tons 68,864 Tons 20,254 Tons 27,546 Tons 27,023 Tons

Annual NOx Savings 86.9 Tons 91.1 Tons 26.8 Tons 36.4 Tons 59.2 Tons

Based on: 10 MW Gas Turbine CHP - 30% electric efficiency, 70% total efficiency, 15 PPM NOx
Electricity displaces National All Fossil Average Generation (eGRID 2010 ) -
9,720 BtulkWh, 1,745 Ibs CO,/MWh, 2.3078 Ibs NOX/MWH, 6% T&D losses
Thermal displaces 80% efficient on-site natural gas boiler with 0.1 Ib/MMBtu NOX emissions

"L st Choan Erargy Application Conser
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CHP Positive Impacts and Benefits
(U.S. Businesses)

Reduces energy costs for the end-user

Increases energy efficiency, helps manage
costs, maintains jobs

Reduces risk of electric grid disruptions &
enhances energy reliability

Provides stability in the face of uncertain
electricity prices

"L st Choan Erargy Application Conser
I A

CHP Positive Impacts and Benefits
(Nation)
Provides immediate path to increased energy
efficiency and reduced GHG emissions

Offers low cost approach to new electricity
generation capacity and lessens the need for
new T&D

Uses abundant, domestic energy sources

Uses highly skilled local labor & American
technologies

"L st Choan Erargy Application Conser
I A

State Support for CHP

Eighteen states include CHP or waste energy
recovery in portfolio standards

Specific incentives for CHP (tax credits, streamlined
permitting, capital incentives)

New York

California

Massachusetts

New Jersey

Maryland

Texas

Ohio

Others in response to Executive Order

"L st Choan Erargy Application Conser
I A

State Support for CHP - Ohio

Support by Governor’s Office and Utility Commission
Coalition of industrial users and environmental groups

SB 315 signed into law — June 2012
WHR included in RPS
Conventional CHP and WHR included in EEPS

Boiler MACT Tech Assistance Pilot program

“Because of coal plant retirements, educating consumers on
combined heat power is of particular interest to the PUCO. A
facility’s decision to invest in CHP may constitute a rational market
response that not only benefits the facility but which also supports
grid reliability in Ohio.”

- Public Utilities Commission of Ohio Chairman Todd Snitchler, Feb 23, 2012

http://www.puco.ohi /i -information/industry: d-heat-and-power-in-ohio/

"L st Choan Erargy Application Conser
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SB 315 (CHP/WHR) Implementation

WHR allowable under RPS --- apply like any
other renewable technology
CHP & WHR under EEPS??

Considered an electric energy efficiency measure

Included in Electric Utility Program (incentives similar
to other EE measures) — meet cost effectiveness tests
(TRC)

How do you calculate the allowable electricity
savings?

[ W el L —




How to Calculate Electricity Savings
Step #1: Calculate Fuel Savings from Utilizing
the CHP System

Siuelchp = Fuel Savings from CHP

Fgria = Fuel would have used to generate electricity
output of CHP system from local grid

Finermar = FUel would have been used on-site to
provide thermal output of CHP from a boiler (80%)

Fchp ot = Total fuel consumed by CHP system

Stuel cip = Fgria * Finerma = Ferp Total

R e e apptston Come

How to Calculate Electricity Savings

Step #2: Convert Fuel Savings to Electricity savings
Seiec cup = Allowed electricity savings from the CHP (MWh)
Siuelcup = Fuel Savings calculated in step 1 (MMBtus)

H = Appropriate Heat Rate (MMBtu/MWh)
Setec cHp = Styel crp / H
Value of H?
Direct Conversion --- 3,212 MMBtu/MWh
Heat Rate of the Grid --- approx. 9,800 MMBtu/MWh
Heat Rate of the CHP System --- 4,000 to 7,500 MMBtu/MWh

R e spptston Come

Federal Support for CHP

Executive Order: “coordinate and strongly encourage efforts
to achieve a national goal of deploying 40 gigawatts of new,
cost effective industrial CHP in the United States by the end
of 2020”

DOE focuses technology deployment support for CHP -
CEACs and SEEAction — Regional meetings planned in
support of Executive Order

EPA recognizes CHP as an efficiency measure under
developing greenhouse gas emission standards and
promoting output-based options that recognize CHP benefits
(ICI Boiler MACT and Utility MACT (MATS))

"L st Choan Erargy Application Conser
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ICI Boiler MACT

Standards for hazardous air pollutants from major sources: industrial,
commercial and institutional boilers and process heaters (excludes
any unit combusting solid waste)

Major source is a facility that emits:
10 tpy or more of any single Hazardous Air Pollutant, or 25 tpy or more of total HAPs
Emissions limits applicable to new and existing units > 10 MMBtu/hr
Mercury (Hg)

Particulate Matter (PM) as a surrogate for non-mercury metals (alternative limits for
total selective metals (TSM))

Hydrogen Chloride (HCI) as a surrogate for acid gases

Carbon Monoxide (CO) as a surrogate for non-dioxin organics)

"L st Choan Erargy Application Conser
I A

Impacts of the Boiler MACT

Compliance straight forward for natural gas fired units
(tune-ups)

Rule significantly impacts oil, coal and biomass boilers
and process heaters

Controls are potentially required for Hg, PM, HCl and CO

Emissions limits must be met at all times except for start-
up and shutdown periods

Also includes monitoring and reporting requirements

Limits are economically challenging for oil and coal units

"L st Choan Erargy Application Conser
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Compliance Options

The specific emissions limits depend on fuel type and combustor
design, but all pollutants within a group (Hg, PM, HCl, CO) can be
controlled with the same measures

Required compliance measures for any unit depend on current
emissions levels and control equipment already in place

Fabric filters and activated carbon injection are the primary
control devices for Hg

Electrostatic precipitators may be required for units that need
additional control for PM or TSM

Wet scrubbers or fabric filters with dry injection are primary
controls for HCI

Tune-ups, replacement burners, combustion controls and
oxidation catalysts for CO and organic HAPs control

"L st Choan Erargy Application Conser
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Potential Opportunity for CHP

and oil users (standard compliance measures)

May consider converting to natural gas
Conversion for some oil units
New boilers for coal units?
May consider moving to natural gas fueled CHP
(trade off of benefits versus additional costs)
Represents a productive investment
Potential for lower steam costs due to generating own power
Higher overall efficiency and reduced emissions

or new gas boiler costs

7R M G e At v

Compliance with MACT limits will be expensive for many coal

Higher capital costs, but partially offset by required compliance costs

Potential Opportunity for CHP (cont’d)

CHP Configuration (conventional CHP system)
Gas turbine with heat recovery steam boiler (HRSG)

HRSG has duct burners with outside air (operates if
turbine is down)

HRSG provides steam requirements
Waste heat from turbine
Waste heat from turbine plus duct burners
Duct burners with no turbine waste heat
Turbine provides electricity for site

If needed existing boiler used as back-up (less than 800
hours per year)
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Effected Boiler MACT Facilities

Boilers, by state
Obokers
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ICI Boiler MACT - Potential CHP
Capacity

Number | Number of Boiler Potential Emissions
of Affected Capacity Savings

Facilities

Fuel Type

Coal 332 751 180,525 18,055
Heavy Liquid 170 367 48,296 4,830
Light Liquid 109 241 22,133 2,214 10.5
Total 611* 1,359 250,954 25,099 147.6

The data on this chart is still being refined

*Some facilities are listed in multiple categories due to multiple fuel types;
there are 567 ICI affected facilities

CHP potential based on average efficiency of affected boilers of 75%; Average annual load factor of
65%, and simple cycle gas turbine CHP performance (power to heat ratio = 0.7)
« GHG emissions savings based on 8000 operating hours for coal and 6000 hours for oil, with a CHP
electric efficiency of 32%, and displacing average fossil fuel central station generation
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Boiler MACT Pilot Tech Assistance
Program in Ohio

Over 50 companies contacted

12 feel they are already in compliance
6 no longer in business

Analyses for 15 in various stages

All companies are now aware of how CHP can
assist in a compliance strategy (on their radar)

B Mot Clesn trergy Apglication Conter

Pending Emission Regulations

EPA proposing updates to at least 6 regulations affecting
coal-fired power plants — compliance deadlines in next 7 yrs

Could impact as much as 40,000 MW of coal-fired electric
generation

Forced retirements / replacements

Investment in compliance controls
Result will be significant investment by Utilities and upward

pressure on electric prices (20% projected in some affected
markets)

http:/www.brakeyenergy.com/wp-content/Brakey_Energy_FirstEnergy Capacity White Paper.pdf

‘Source: ACEEE White Paper Avoiding a Train Wreck: Replacing Old Coal
Plants with Energy Efficiency
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Rules Effecting Utility Sector

(“at risk” coal generation by region)
[
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Source: ICF 2010 \'\

Other Electric Industry Market Indicators
Supply margins are declining and as demand is
recovering

Need significant infrastructure investment
Estimates at $750 — 900 Billion: exceeds current capitalization
Major baseload generation & transmission will be needed
Transmission congestion is increasing
Aging transmission infrastructure
70% of transmission lines are 25 years or older
70% of power transformers are 25 years or older
.~ 60% of circuit breakers are more than 30 years old

Sources: NERC Transmission Loading Relief Procedure Logs & Rising Uity Construction Costs: Sources & Impacts® Edison Foundation/Brattle Group
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Summary Market Conditions

Upward pressure on electric prices
Pending EPA Regulations
Aging Infrastructure and congestion

Low and hopefully stable natural gas prices
Shale Gas

Renewed interest at State level
CHP in EEPS and RPS
EPA Industrial Boiler MACT
Energy Emergency/Assurance Plans

Continued Federal Interest
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2.) CHP Technologies
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CHP Technology Components
(Topping Cycle)

VRN " £y __.
Prime Mover I Electricity

Reciprocating Engines

Fuel

On-Site Consumption

Natural Gas
Propane
Biogas

Combustion Turbines
Microturbines
Steam Turbines
Fuel Cells

Sold to Utility

Landfill Gas
Coal
Steam

Waste Products
Others @
Heat Exchanger |::>

Thermal

Steam
Hot Water
Space Heating
Process Heating
Space Cooling
Process Cooling
Dehumidification

Fuel Electricity

Prime Mover Generator
Reciprocating Engines
Combustion Turbines
Microturbines

Steam Turbines

Fuel Cells

Natural Gas On-Site Consumption

Propane
Biogas
Landfill Gas
Coal
Steam

Sold to Utility

Thermal
Process / Space Heating
Process / Space Cooling
Desiccant Dehumidifier
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Technologies
7,y 7y N PRIME MOVER

Electricity

Prime Mover

Reciprocating Engines

On-Site Consumption

Reciprocating Engines
Combustion Turbines
Microturbines
Fuel Cells
Steam Turbines

Natural Gas
Propane
Biogas

Sold to Utility

5 kW — 10 MW
Excellent part-load operation

Waste heat recovered from engine
exhaust, engine jacket and oil coolant

Low set-up cost, fast start-up

Emissions signature has improved
significantly

Lean-burn engines
Selective catalytic reduction (SCR)

Landfill Gas
Coal
Steam

Waste Products
others ﬂ
Heat Exchanger |::>

’i‘ M Civan oy Appision Cover

Thermal
Process / Space Heating
Process / Space Cooling
Desiccant Dehumidifier

Technologies Technologies
PRIME MOVER PRIME MOVER
Combustion Gas Turbines Micro-Turbines

Small turbines with recuperation

25 kW to 500 kW

Efficiency range: 25% to 30% LHV
Recoverable heat: gas exhaust @ approx.

5 MW - 250 MW
Same technology as a jet engine

Best suited for base-load (24/7)
operations

Typically fueled by natural gas 500°F

Produce high quality heat from Fuel flexible

exhaust Low emissions <0.49Ibs/MWh or 9ppm

7R M G e At v 7R M G e At v
Technologies Technologies
PRIME MOVER .
Prime Mover
Fuel Cells )
Steam Turbines

* 5 kW — several MWs
« Generates power and heat through electrochemical 1MW — 500 MW

reactions Among oldest prime mover technologies
« Very quiet, no combustion or shaft movement still in%se P g Hogh Pressurs Steam

« Environmentally cleanest CHP technology
« Different kinds:

o Phosphoric acid

o Solid oxide

Converts pressure drop in steam to
electricity through turbine blades

Long working life and high reliability

Two types:
o Molten carbonate ) | cowerpressure
o Proton exchange membrane Extraction applcatons
Source: www.eere.energy.gov
Backpressure

ik e Clean Erary Appke ation Covmer

’i‘ M Civan oy Appision Cover




Prime Mover Electricity

R — Reciprocating Engines On-Site Consumption

Propane Combustion Turbines

Biogas Microturbines Sold to Utilty

Landfill Gas Steam Turbines

Fuel Cells
eam
e Products
Others

Thermal Storage

‘ Nt Chean ey Appcation Cavier

Two Types of Generators

Induction Synchronous
Requires External Power Self Excited (Does Not Need
Source to Operate (Grid) Grid to Operate)

Contributes to Poor PF Can Assist in PF Correction
When Grid Goes Down, CHP System can Continue to
CHP System Goes Down Operate thru Grid Outages

Less Complicated & Less More Complicated & Costly
Costly to Interconnect to Interconnect (Safety)
Preferred by Utilities Preferred by CHP Customers

Fuel

Prime Mover Generator Electricity

On-Site Consumptiol

Reciprocating Engines

N &5
S Combustion Turbines
Microturbines

Steam Turbines
Fuel Cells

Sold to Utility

e Products
Others

Thermal

Process / Space Heating '
Process / Space Cooling
Heat Exchanger Desiccant Dehumidifier ?
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Technologies
HEAT CAPTURE | CONVERT HEAT INTO WORK

Heat Exchangers

Recover exhaust gas generated by:
Gas turbine
Industrial processes

Transfers exhaust gas into useful heat
(e.g. steam) for downstream
applications

Heat Recovery Steam
Generator (HRSG)

Heat recovery steam generator
(HRSG) the most common

‘ Nt Chean ey Appcation Cavier

Technologies

HEAT CAPTURE | CONVERT HEAT INTO WORK

Heat-Driven Chillers (Absorption)

* Use “waste” heat to chill water for A/C, cooling machinery
« More efficient, fewer emissions vis-a-vis electric chillers

ABSORPTION CHILLERS

Use exhaust gas, hot water, or steam via
thermal compressor to boil water vapor out
of lithium bromide/ water solution and
compress refrigerant to higher pressure;
avoids CFCs/HCFCs

Range: 10-3,000 tons

Technologies

HEAT CAPTURE | CONVERT HEAT INTO WORK

Desiccant Dehumidifiers

Separates Latent from Sensible Load

Reduces Humidity and Reduces AC
Load
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PROGRESS REPORT

U.S. DOE Midwest Clean Energy Application Center

Award Number:
DE-EE0001108

Award Recipient:
University of Illinois at Chicago

Principal Investigator:
John Cuttica, (312) 355-3476, cuttica@uic.edu

Reporting Period:
October 1, 2009 through December 31, 2010

Submission Date:
January 31, 2010

Submitted to:
U.S. DOE/NETL
Joseph Renk, (412) 386-6406, Joseph.Renk@NETL.DOE.GOV




Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

Dear Mr. Renk,

Please find the attached Progress Report for the 4™ quarter 2009 (Q4.09) for award
number DE-EE0001108 — “Midwest Region Clean Energy Application Center.”

The center has invoiced $92,589.75 for Q4.09:
e Oct.2009: $1,616.00
e Nov. 2009: $40,708.84
e Dec.2009: $50,264.91

Below you will find a brief synopsis of our activities (deliverables and tasks) for Q4.009.
If you have any questions, please do not hesitate to contact John Cuttica (312-996-4382,
cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefkl@uic.edu).

Thank you,

John Cuttica
Cliff Haefke



Deliverable: 1 Task: 1

Description: Updated Project Management Plan

Activity: Will be submitted Q1.10.

Deliverable: 2 Task: 2

Description: Minimum 5 workshops/webinars

Activity:

e Target Market Workshop: The Midwest RAC organized and co-sponsored a target
market workshop on anaerobic digester and combined heat and power (AD/CHP)
applications for the Illinois electric cooperatives titled “Waste to Energy
Workshop for the Illinois Electric Cooperatives.” The workshop was conducted
October 20, 2009, in Springfield, Illinois. The main partner for this event was the
Association of Illinois Electric Cooperatives (AIEC). For more information:
http://www.chpcentermw.org/11-01_news.html#091103.

e Graduate Level CHP Course: The Midwest RAC will be teaching a Spring 2010
semester graduate course for the Energy Engineering Masters program at the
University of Illinois at Chicago titled “Combined Heat and Power, Design, and
Management.” The semester course will begin January 11" and conclude the
week of May 3".

e Other Workshops/Conferences:

0 Biogas: Scaling up biogas production in North America, October 1-2,
2009, San Francisco, CA — the Midwest RAC presented “Using Biogas for
Heat Recovery,” http://www.chpcentermw.org/pdfs/091001 Haefke.pdf.

0 USCHPA Annual Conference, October 7-9, 2009, Washington, D.C. — the
Midwest RAC attended the annual conference.

0 Waste to Energy Workshop for the Illinois Electric Cooperatives, Oct. 20,
2009, Springfield, IL - the Midwest RAC presented “CHP the Concept,”
http://www.chpcentermw.org/pdfs/091020 [L/091020 Haefkel.pdf

0 CRC Workshop on Life Cycle Analysis of Biofuels Argonne National
Laboratory, October 21, 2009, Argonne, IL — the Midwest RAC presented
“Emerging Technologies Impact Corn Ethanol's Energy and
Environmental Profile.”

0 ARES Ignition Systems Research — Roundtable U.S. DOE Industrial
Technologies Program (ITP), November 17-18, 2009, Argonne, IL — the
Midwest RAC presented “Reciprocating Engines in the CHP Market
Place.”

o Midwest Cogeneration Association Board Meeting, October 22, 2009,
Oakbrook Terrace, IL — the Midwest RAC attended the MCA board
meeting.

o Midwest Cogeneration Association Dinner Meeting, October 22, 2009,
Oakbrook Terrace, IL — the Midwest RAC attended and co-organized the
event.




o Wright State College Technical Course, November 5" and 12", 2009 - the
Midwest provided a part CHP session two consecutive weeks on the
“Fundamentals of Combined Heat and Power (CHP).”

0 2009 Great Plains Energy Expo, November 10, 2009, Chicago, IL — the
Midwest RAC presented Combined heat and Power (CHP) Opportunity to
be Explored & Exploited in North Dakota.”

0 CHP Training for the Midwest IACs - November 17, 2009, Ames, IA —
the Midwest RAC presented “The Fundamentals of Combined Heat and
Power (CHP)” to the lowa State University Industrial Assessment Center
(1AC).

0 Midwest Clean Tech 2009, November 24, 2009, Chicago, IL —the
Midwest RAC presented “Combined Heat and Power (CHP) Today’s
Opportunity.”

Deliverable: 3 Task: 2

Description: All educational material developed and utilized in deliverable 2 posted on
the website

Activity: See the U.S. DOE Midwest Clean Energy Application Center website at
www.CHPCenterMW.org.

Deliverable: 4 Task: 3

Description: 1 regulatory workshop

Activity:

e Requlatory Workshop: The workshop was not in planning phase during Q4.09.

e Policy Student: the Midwest RAC is in the process of interviewing and hiring a
policy graduate student from College of Urban Planning and Public Affairs
(University of Illinois at Chicago).

e Other Policy/Regulatory Activities:

o City of Oak Park: the Midwest RAC met with the City of Oak Park, IL
and members of the Galvin Electric Initiative on December 18, 2009 to
discuss future sustainability activities for the city (including grid
infrastructure, smart grids, perfect power, and required policy changes to
accommodate Oak Park’s initiatives).

o State of Missouri: The Midwest RAC has been working with both the
Missouri State Energy Office and an environmental group to provide input
on proposed legislation to make the State of Missouri a more favorable
market for “clean energy” applications. One key issue the Midwest RAC
is promoting is Feed-In Tariffs (FITs).

o State of Ohio: The Midwest RAC has been working with the Ohio
environmental groups and Ohio industrial partners to provide input on
proposed legislation to make the State of Ohio a more favorable market




for “clean energy” applications. One key issue the Midwest RAC is
promoting is Feed-In Tariffs (FITs).

o lllinois Electric Cooperatives: the Midwest RAC is working closely with
Association of Illinois Electric Cooperatives (AIEC) to promote AD/CHP
projects in the State of Illinois and to identify the barriers (including
policy and regulatory issues) associated with the implementation of these
types of projects.

o0 Galvin Electricity Initiative: the Midwest RAC is working with the Galvin
Electricity Initiative to identify favorable policy reforms for the Midwest
states. Illinois will most likely be the first state to target with the GEI.

o College of Urban Planning and Public Affairs (CUPPA): the Midwest
RAC provided information on recent municipal activities with WWTFs
that the Midwest RAC has participated in to Martin Jaffe (CUPPA-UIC)
as information for municipal policy planning.

o U.S. Clean Heat and Power Association (USCHPA) — the Midwest RAC
serves on the board of directors for the USCHPA.

Deliverable: 5 Task: 4

Description: Incorporate district energy and waste heat recovery technology material
into the website.

Activity:

e The Midwest RAC has been extensively working on the redevelopment of the
RAC websites during Q4.09. Cliff Haefke is serving as co-chair with Christine
Brinker (Intermountain RAC) for the RAC Logo/Website Team. The initiatives
of the team are to create a new logo and graphic for the RACs and to develop a
coordinated effort in converting the RAC websites from “CHP” to “clean energy.”
See Appendix A for a copy of the “Report and Recommendations from the RAC
Website/Logo Working Group.”

Deliverable: 6 Task: 4

Description: Provide semi-annual report on website activities, usage, and metrics.

Activity:
e The RAC provided metrics to ORNL for Fiscal Year 2009 during Q4.10.
e The semi-annual report will be submitted following Q1.10.

Deliverable: 7 Task: 4

Description: Develop a minimum of 9 project profiles.

Activity: Three project profiles were developed and completed during Q4.10. The
project profiles can be found at: http://www.chpcentermw.org/15-00 profiles.html
e Crave Brothers Farms, Waterloo, WI, 633 kW




e SC Johnson, Racine, WI, 6.4 MW (developed under previous contract)
e First National Bank of Omaha, Omaha, NE, 840 kW (developed under previous
contract)

Deliverable: 8 Task: 4
Description: Develop and launch at least 1 market sector page on the website.

Activity:
e See Activity #5 for a description of the website activity during Q3.009.

Deliverable: 9 Task: 4

Description: Technical studies (topics TBD during the course of the year). Reports
posted on the website and provided as deliverable.

Activity:
e Three separate technical studies are being investigated to fund during fiscal year
2010:
0 Lessons Learned for Biogas CHP Projects
o Energy Savings Partnership — Integration of an Ethanol Plant and Dairy
Farm Facility
o County-by-County Biogas CHP Potential for the State of Illinois
e National Survey of Energy Systems at Ethanol Plants (Q4.09)
o Leveraged funds with Illinois Corn Marketing Board
0 Includes evaluation of CHP technologies
0 Measures what energy efficiency measures were implemented at ethanol
facilities
e Assistance Provided to Other Technical Documents
0 The Midwest RAC provided a review and technical guidance for the
Michigan Digester Handbook during December 2009 (specifically the
biogas recovery and use section for CHP technologies).

Deliverable: 10 Task: 4
Description: Semi-annual reporting of changes in clean energy installations in the
Midwest to DOE database.

Activity: The Midwest RAC sent out requests to its Midwest partners in November 2009
to collect data on clean energy installations in the Midwest for the DOE database. This
information was forwarded on to Anne Hampson of ICF International.

Deliverable: 11 Task: 5

Description: Up to 10 technical site evaluations on an as required basis.
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Activity:

VA Medical Centers Feasibility Study Reviews for ORNL - the Midwest RAC
participated in extensive review process for ORNL to review seven Veterans
Affair (VA) facilities. Two other RACs (Northeast and Southeast) were also
involved in this process. The seven sites reviewed by the Midwest RAC were:
o Dwight D Eisenhower
VAMC Chillicothe
Marion VA Medical Center
VA llliana HCS
Battle Creek VA Medical Center
Tomah VA Medical Center

o Edward Hines Jr. VA Hospital
Harrison Steel, Attica, IN — the Midwest RAC has been collecting data and
information to provide a Level 1 Feasibility to investigate both CHP and waste
heat recovery opportunities.
Schreiber Foods, Shippensburg, PA — the Midwest RAC provided jobs creation
estimates using RIMS |1 data software from the Bureau of Economics.
Upland Brewery, Bloomington, IN — initial contacts with Midwest RAC
SunnyRidge Farms, Illinois — initial discussion with a hog farmer
Dublin VA Medical Center, Dublin, GA — provided technical assistance to GDS
Associates to develop load profiles for a CHP feasibility analysis.
Pathway Communications, Ontario, Canada — provided technical information
towards the investigation of CHP and adsorption technologies in data centers.
Egan WRP, Schaumburg, IL — continued providing technical information and
serving as a technical resource for the Metropolitan Water Reclamation District of
Greater Chicago to investigate biogas CHP opportunities at their Egan WRP.
Technical Assistance to Illinois Biogas CHP Projects: the Midwest RAC serves as
the technical resource arm for the Illinois DCEO (state energy office) on the
technologies of CHP. The UIC/ERC has leveraged funds with the IL DCEO to
serve as the contract manager for the Illinois Biogas CHP Program.

0 Green Industry Business Development Program for Organic Waste
Processing Facility (partners: Gas Environmental, Global Water & Energy
(GW&E), Growing Power) — food waste processing, composting, and
AD/CHP to power greenhouses to grow more food product (1-2 MW)

o0 Packer Engineering, gasifier (crop residue and corn stover) looking to site
CHP system (15 kW), Naperville, 1L

o0 Agricultural Watershed Institute, for a mobile biomass briquetter and
distribute biomass briquettes to other biomass CHP projects, partners
include John Deere, Packer Engineering, and Archer Daniels Midland

o Parkland College, 25 kW CHP project on campus using biogas

Engineering Firms that the Midwest RAC met with and/or provided assistance to:

0 New Loop Energy

Johnson Controls
Kraft Power
Endurant Energy
Air Cogen

O O0OO0O0O0
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Galvin Electric Initiative

Midwest Cogeneration Association

SEN Leader Program

Midwest Cogeneration Association (MCA) — the Midwest RAC has two
active members of the MCA. One of the Midwest RAC members is VP of
the MCA.

O oO0OO0oo

Deliverable: 12 Task: 5
Description: Provide clean energy technology support to Midwest IACs — one day
educational sessions.

Activity: The Midwest RAC met at the lowa State University IAC on November 17",
2009 and provided a ¥ day of training on the concepts and technologies of CHP for
evaluation at Midwest industrial facilities.

Deliverable: 13 Task: 6
Description: Quarterly status reports activities, deliverables, etc. in accordance with
NETL/DOE instructions.

Activity:
e The Quarterly Report was submitted to Joe Renk (DOE/NETL).
e See this quarterly report for Q4.009.
e Also see Quarterly Website Report in Appendix B for Midwest RAC website

activities.
Deliverable: 14 Task: 6

Description: Support DOE metrics of Centers as required.

Activity: The Midwest RAC submitted the metrics for the Midwest on 11.25.09 to Martin
Schweitzer (ORNL).
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REPORT AND RECOMMENDATIONS FROM
THE RAC WEBSITE/LOGO WORKING GROUP

Christine Brinker, Rhett Graves, Cliff Haefke, Elaine Kulawiak, Pauline Jensen, Maureen Quinlan, Ross Tomlin
November 24, 2009

EXECUTIVE SUMMARY

At the last RAC Face-to-Face meeting on Oct 7, 2009 in Washington DC, the RAC Directors discussed the need to develop a
better-coordinated plan to educate regional stakeholders while further emphasizing the U.S. DOE’s role in creating and
supporting the RACs. The RAC Directors designated a Website/Logo Working Group to investigate updating the RAC
websites to increase collaboration and strengthen U.S. DOE RAC brand recognition. This report provides details on the
recommendations listed below for the RAC Directors to consider as collective group in moving forward as U.S. DOE Clean
Energy Application Centers.

The Working Group is working with Bob Gemmer and the DOE Graphics Department to
receive permission to use the DOE graphic within the RAC logo. To increase recognition of the RACs as a DOE
program, the Working Group believes this is the most effective logo strategy.

After reviewing all existing RAC websites, the Working Group has identified eight website
categories/tabs to form the main structure of each updated RAC website. Maintaining a common website structure
amongst all RACs will help provide uniformity within the DOE RAC program, will provide easier navigation from one
RAC website to another, and will allow ease of transferring common web material and text from one RAC website to
another. Each RAC website will have content, however, that is customized to reflect the needs of each individual
region.

The Working Group has determined that a mock-up of one RAC
website will initially be developed (goal of late January 2010), and after being reviewed by all RACs Directors and
other interested RAC personnel, it will serve as the template for all eight RACs websites. During this time, all eight
RACs will provide assistance in developing the various website sections that are common amongst all RACs, and
protocols/templates for website sections that are region-dependent. The coding for the entire website design will be
shared amongst all RACs for easier implementation and reduced costs.

The Working Group has determined that during the initial year of the four year contract, each RAC
will continue to work with their respective webmaster to develop, implement, and maintain their regional RAC
website following the design of the RAC website template. After the first year of operation, the RACs will re-evaluate
whether one webmaster or eight separate webmasters should be used to maintain and update the websites.

The Working Group has developed a list of Website Best Practices that will ensure
modern/new website techniques are used when developing the regional RAC websites to help the DOE RAC program
maintain an up-to-date look and feel.

The Working Group has coordinated efforts with the
National DOE RAC web page team to ensure the two groups develop consistent and relevant material strengthening
the collaboration between the RACs and DOE headquarters.

The Working Group has recognized that the website redevelopment task for the “Clean Energy”
centers may require additional financial resources than the RACs initially allocated in their original “Clean Energy”
center proposals. The Working Group has identified some of the related budgetary issues and proposed an action
plan.

The Working Group has
determined that several RAC-produced documents and other materials should also have templates and protocols to
increase RAC uniformity and recognition, and this task should include revisiting earlier templates and protocols.



The Working Group is pleased to pass on these recommendations to the RAC Directors. The Working Group suggests that
a Web Conference Call be scheduled shortly to: 1) walk the RAC Directors through the Working Group’s
recommendations; 2) answer any questions that the RAC Directors may have; and 3) facilitate discussion amongst the RAC
Directors to begin implementation of the recommended efforts.

BACKGROUND - RAC WEBSITE / LOGO WORKING GROUP

At the last RAC Face-to-Face meeting (Oct 7, 2009 in Washington DC), the RAC Directors and other attendees discussed
the need to develop a better-coordinated plan to educate regional stakeholders while building the U.S. DOE brand. While
this encompassed a broader discussion of education and outreach approach and information sharing between RACs, the
discussion turned to the RAC websites as a focal point for information distribution and “brand” recognition. It was
determined that all of the RAC websites needs to be updated and upgraded to:

1) Have a more consistent look and feel between RAC websites

2) Highlight more prominently the U.S. DOE’s role in the RACs

3) Reflect the change from CHP Centers to Clean Energy Application Centers

4) Modernize the content presentation and design

5) Devise a better strategy for updating/maintaining existing content, so it does not get so out-of-date

6) Minimizing duplication of efforts between regions by standardizing some of the similar content

7) Explore the interface between the national DOE CHP website (currently under development by Energetics) and
the RAC sites

A sub-group of seven RAC staff was formed to explore these issues, and make recommendations to the RAC Directors on
the preferred approach. The identified Working Group consisted of Christine Brinker, Rhett Graves, Cliff Haefke, Elaine
Kulawiak, Pauline Jensen, Maureen Quinlan, and Ross Tomlin. The group was advised by Patti Garland, Bob Gemmer, Ted
Bronson, and John Cuttica. Discussion of a revised logo was also included in the group’s charter.



RAC LOGO

Develop an effective logo for the newly established U.S. DOE Clean Energy Application Centers, reflecting the
RACs’ increasing role as a technology and educational outreach arm for DOE.

The opinions of RAC personnel on the existing “snowflake/sun/lightning bolt” logo range from neutral
to extreme distaste. Thus, the Working Group is in agreement that a new logo is in order. The two options identified by
the Working Group are:

Using the DOE graphic, with customized text (examples shown below in Figure 1)
Designing a new logo with a non-DOE graphic

To support the wishes expressed by Doug Kaempf, Isaac Chan, Bob Gemmer, and Patti Garland at the RAC Face-to-Face
meeting, the RACs are to serve as the primary education and outreach arm for DOE for combined heat and power, waste
heat recovery, and district energy. Therefore, the Working Group believes the DOE graphic should be incorporated into
the RAC logo to ensure that any materials and/or works published with the RAC logo cannot be mistaken with any other
entity and/or organization other than DOE.

Note: The law states the “Application Centers” are to be referred as “Clean Energy Application Centers,” and not
“Clean Energy Regional Application Centers.” (This is reflected in the example logos shown in Figure 1.) Bob
Gemmer clarified that in text format, the “Application Centers” should be referred to as the name of the region
followed by the acronym RAC (i.e. Midwest RAC, Gulf Coast RAC, etc.).

DOE requires a written request (preferably by a federal employee) to reproduce the DOE graphic for
external use. Bob Gemmer is working with the draft RAC logos (shown below) developed by the Working Group and is
seeking authorization through the DOE Graphics Department. The timeframe for authorizing use of the DOE graphic in the
RAC logo is unknown; the Working Group is therefore recommending the current RAC graphic be utilized as the
temporary logo until the proposed logo has been accepted/denied by the DOE Graphics Department.

Should permission to incorporate the DOE graphic into the RAC logo be denied, then at this point a new graphic will be
designed:

Internally by the Working Group;

Working with a top Mississippi State University graphic arts student ($200-300); or

Working with a graphic artist recommended by Patti Garland (Kristina).
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FIGURE 1: EXAMPLE RAC LOGOS INCORPORATING DOE GRAPHIC
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WEBSITE STRUCTURE

Minimize duplication of efforts between regions, while maintaining flexibility to meet individual region needs.
Create a format/structure in common between all RACs, so that the RAC websites resemble one another, are recognized
as a coordinated DOE program, and allow visitors going from one RAC site to another to know where to find similar
information.

: Many RAC web pages have very similar information from region to region, but updating the
information requires the same work to be done eight times. All of the RACs, to differing degrees, have had difficulty
keeping web pages up to date. At the RAC Face-to-Face meeting, it was suggested that the common information could be
standardized so that it would only need to be changed once instead of eight times. Ideas presented at the Face-to-Face
included having one centralized “master website,” increased linking to other RACs, or keeping the eight separate websites
as they are.

The Working Group recommends that certain pages and sections be standardized among all RACs, while
other pages remain unique/customizable to the individual region. For the standardized pages, the Working Group
understands that it is technically feasible for content to be hosted by one site, and then automatically and seamlessly
“fed” to the other sites. When a change/update is made to the original website, the change/update would show up on all
of the websites copying information from the original website. From the visitor’s perspective, one would thus stay on the
original page he/she started on, without being bounced to a different RAC site or even realizing the info is coming from
another place. While none of the Working Group understands web coding, the Working Group was told by several web
experts that this approach could work.

The Working Group analyzed all eight RAC websites to determine information in common among all RACs versus
information that would need to remain region-specific. The Working Group identified subject headings (tabs) that should
be found on each RAC website and discussed the material and text that would be found under each subject heading.

The eight main headings identified by the Working Group that would cover all the material found in the RAC websites are:
About Clean Energy
Getting Started
Market Sectors
States & Region
Policy & Incentives
Case Studies
News & Events
Library & Resources

Figure 3 provides an example of the subject headings for each RAC. Note that further detail on the content belonging
under each heading, and in some cases, page layout, can be found in the appendix.

ABOUT CLEAN ENERGY GETTING STARTED { MARKET SECTORS STATES & REGION POLICY & INCENTIVES } CASE STUDIES NEWS & EVENTS { LIBRARY & RESOURCES

FIGURE 3: EXAMPLE TEMPLATE FOR RAC WEBSITES SHOWING SUBJECT HEADINGS (TECHNOLOGY & CONCEPT)



A section of smaller headings would be located at the top right corner of the websites, covering material on the RAC
websites that is more organizational, logistical, and/or programmatic. This is common in many website designs; an
example for the RAC websites is shown in Figure 4.

Home | About | Contact | Join Mailing List | Other Regions | Search

FIGURE 4: EXAMPLE TEMPLATE FOR RAC WEBSITES SHOWING SUBJECT HEADINGS
(ORGANIZATIONAL/LOGISTICAL/PROGRAMMATIC)

Note that the categories identified in Figures 3 and 4 do not reflect design decisions in terms of color, font, layout, etc.,
only structure and content.



GETTING IT DONE (IMPLEMENTATION)

Complete the website revisions/updates in a timely and efficient manner, in a coordinated effort between all
RACs. The Working Group recommends a more specific goal of developing the Midwest RAC website as a mock-up, with
the majority of the content filled in by the end of January to coincide with the unveiling date of the DOE’s national RAC
website.

The Working Group recommends a coordinated approach to develop the newly designed RAC websites.

This approach involves two main components:

One RAC will develop the mock-up of the new “Clean Energy” website design and structure, taking into consideration

the recommendations contained elsewhere in this report.

In parallel to developing the mock-up, each RAC will be responsible for providing the text and material for one or two

of the tabs (revising and combining the information already available on the RAC websites, and drafting new content

where necessary for the standardized pages; or creating templates/protocols for the region-specific pages). The

Working Group suggests that two RACs pair up to develop the assigned pages (“the buddy system”). This was

identified to be a successful method to accomplishing tasks within the Working Group as the RACs continue their

collaborative and coordinated efforts.

Once most of the content and design is ready, the Working Group suggests that one RAC (perhaps the Midwest) put up a
non-live version of the website, which can then be reviewed by all of the RAC personnel. When the mock-up has met the
approval by all RAC Directors and is ready to go live, the other RACs can use the same coding for their own websites.

A conference call between our different webmasters may be warranted to make sure the coding and standardized pages
are easily sharable.



WEBMASTERS

Determine whether the RACs should continue to use the services of eight separate webmasters, or if it would be
better for 1-2 webmasters to maintain and update all eight RAC websites.

The Working Group surveyed each RAC about how they add content, update, and maintain their
website. The Working Group learned that each RAC has a different approach—updates are handled by RAC staff, a
university affiliate, a private consultant, or a combination thereof. The Working Group also surveyed about the cost and
payment structure and learned that some RACs pay per hour, some pay per project, some have an annual contract, and
some have other arrangements.

The Working Group then discussed whether it would be best for all RACs to use the same webmaster, or continue with
their existing arrangements.
The main advantage to having a single webmaster between all RACs is increased consistency between the RAC sites.
Some RACs may also realize speedier updates to their websites in this approach when compared to their past/current
webmaster arrangements.
The two most notable disadvantages are 1) that one webmaster could be over-extended working on all eight RAC
websites (in particular if it involved launching the redesigned sites), and 2) that it is easiest (at least in the short term)
for each RAC to stay in the current arrangements with which they are already familiar.

It was not possible to compare the two options based on cost, given the differing cost structures in place.

After considering all of the above, the Working Group has determined that during the initial year of the
four year contract, each RAC will work with their respective webmaster to develop, implement, and maintain their
regional RAC website, following the design on the RAC website template and borrowing the coding. After the first year of
operation, the RACs will re-evaluate whether one webmaster or eight separate webmasters should be utilized to maintain
and update the websites. RACs that currently utilize shared staff among inter-organization departments may need to re-
evaluate their webmaster situation to accommodate updated websites in a timely manner.



WEBSITE DESIGN

Ensure that modern/new website techniques are used when developing the regional RAC sites, to help the DOE
RAC program project a modern and up-to-date look and feel.

The Working Group is working on finalizing a set of design Best Practices to use in the updated website
design. Some of the design protocols the Working Group has developed so far are as follows:

While all the RAC sites will have the same basic structure, layout, and tabs, each RAC can choose their own color
scheme, assuming this is technically feasible for page/content sharing. The example was given of the Major League
Soccer pages at www.mlsnet.com, where each team’s page follows the same structure but has individual team colors.

The main menu tabs will go horizontally across the top or top-middle, instead of vertically on the left. Where sub-
menus are necessary, they may go vertically on the left. A smaller menu of logistical items can go at the top right
corner.

While each RAC’s main page will be individual and will contain the information and news most important to that
region, we recommend that each main page contain a front-and-center rotating feature of 3-5 items. These could
include a photo and 2-3 sentence description of a successful clean energy project in the region (linking to the full
project profile), an announcement of a recent report or application guide, with a graphic of the report cover, or other
important items. After 4-5 seconds, it would rotate to the next item. This is common in website design—see, for
example, www.nationalgeographic.com.

Each RAC's site should have an RSS feed so visitors can subscribe to get news updates (this is different from an e-mail
newsletter, which will also remain).

Sites with movable frames (Gulf Coast & Intermountain) seem much more attractive than those with fixed frames
(Southeast, Midwest, Northwest). The difference is that a movable frame allows the website to conform to the
viewer’s monitor settings, re-aligning the text to fit the available space. The fixed frame sites appear to be jammed to
one side or stuck in the center with large expanses of color on the sides when viewed on a large monitor.

The Working Group will have a GoToMeeting in the near future to further share design best practices,
and pass those on to the group working on the mock-up of the identified RAC website.



INTERFACE WITH THE NATIONAL DOE CHP SITE

Coordinate between the National DOE RAC web page team (Energetics) and the RAC Working Group to ensure the
two ventures work together and do not develop inconsistent material.

DOE (via their contractor, Energetics) is currently revising, updating, and rearranging its CHP pages.
DOE will have two new pages focused on the RACs. The first will provide a map of the U.S., whereby a visitor can hover
their mouse over a specific state or region and see the contact information and website link to the corresponding RAC.
The second page, titled “CHP Projects,” will have another map that links to RAC-created project profiles; the project
profiles will also be searchable by market sector.

These national DOE RAC web pages are expected to be launched by late January 2010.

The Working Group will continue to work with the National DOE RAC web page team in coordination with
Patti Garland.
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BUDGET ISSUES

Ensure each RAC has allocated financial resources in their budgets to redevelop the RAC websites.

Some of the RACs have budgeted for a redesign of their website, while others only budgeted for
regular, ongoing maintenance similar to the level they had been doing. This is an issue that will have to be discussed by
the RAC Directors along with Bob Gemmer, Patti Garland, Ted Bronson, and John Cuttica.

The Working Group is putting forth the effort to keep the costs at a minimum for each RAC, by combining resources and
expertise, by doing most of the design work internal amongst our RAC personnel, and by ensuring it is possible for RAC
webmasters to copy the coding of the model site rather than write it from scratch. The Working Group does not yet have
an estimate of what coding of the model site would cost, nor what copying the coding would cost, since this is dependent
on the webmaster and time involved.

The RAC Directors should verify the individual budgets allocated to the RAC website redevelopment. If
there is an issue with reallocating the budget towards the RAC websites, a meeting should be arranged with Bob Gemmer,
Patti Garland, and Ted Bronson to discuss these budget issues.
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PROTOCOLS FOR OTHER DOCUMENTS/EDUCATIONAL RESOURCES

Utilize similar protocols and templates of certain documents to increase the RAC/DOE branding campaign.

Related RAC educational materials including report covers, power points, and boilerplate feasibility
studies are also part of the branding process. As such, they must be coordinated between RACs. It was mentioned at the
RAC Face-to-Face meeting, “Every time you view an EPA CHP Partnership document or see a presentation, you recognize
right away it’s from the EPA CHP Partnership,” and it was further mentioned that RACs deserved the same viewer-
familiarity.

RACs will be more likely to use these protocols/templates if they are content with their design; therefore a group process
will be best to develop these, as with the website.

The Working Group (or another identified group among RAC personnel) should revisit the concept of
protocols. This effort should include re-examining the protocols originally developed by the Midwest RAC when the RACs
were first established in 2001, and also identifying what other documents should have templates and common protocols
(i.e. PPT presentation slides, feasibility studies, etc.).
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APPENDIX

The Appendix identifies the eight Website Categories/Tabs and the content to be developed within each
Category/Tab that will utilized by all eight RAC websites.

WEBSITE CATEGORIES/TABS

This page and its sub-pages should be standardized between RACs. They will contain basics
on clean energy and benefits.

Combined Heat and
Power (CHP)

Waste Heat Recovery

District Energy

GETTING STARTED

This page lays out, from an end user perspective, how to go about evaluating if CHP, waste heat recovery, or district
energy is right for their application. It will show the evaluation steps, starting with a Level 1 feasibility screening and
progressing to more detailed studies (see www.epa.gov/chp/project-development for an example graphic, which would
modified for RAC use); explain how RACs can help with screenings; and present the tools and resources that can help end
users in various steps of project development.

The tab will most likely have a sub-menu, but we did not develop this yet.
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MARKET SECTORS

COMMERCIAL

- data centers

- health clubs

- high-rise offices
- hotels

- casinos

- supermarkets
- retail stores

- restaurants

- theaters

- ice arenas

- laundries

- laboratories
- green buildings

INDUSTRIAL

- chemicals

- food processing

- refrig. warehouses
i -breweries
| -ethanol plants |
i manufacturing .

- petrochemicals

- pulp and paper / forest

products
- rubber and plastics
- utilities

INSTITUTIONAL

- hospitals

- nursing homes &
assisted living

- k-12 schools

- universities

- museums

- wastewater treatment

- naval stations

- army bases

- police departments

- correctional

AGRICULTURAL

- animal and dairy farms

OTHER

Most RACs have a page with specific market sectors where CHP makes sense. The
actual markets are different from RAC to RAC, based on regional market conditions
as well as RAC time and resources for actually developing the market-sector pages.
We agreed that the market sector information can be standardized. We looked at
each of the eight RAC sites and made a list of market sectors where we have already
developed content. Five main market sector groups were identified, and specific
market sectors were placed into each category. The four groups identified are
commercial, industrial, institutional, agricultural, and other.

The market sectors can be categorized in different ways (i.e. wastewater treatment
could be called industrial, etc.) and we determined that this could be further
discussed and finalized at a later time—perhaps after the pages are more
developed.

We also developed a layout for the main market sector page: A square commercial
photo, a square industrial photo, a square institutional photo, and a square
agricultural photo lined up horizontally across the page, each labeled at the top or
inside, and each listing the specific market sub-sectors below the photo (with the
words linked to those pages).
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STATES & REGION ) ) ] ) ) » )
This section will remain region-specific, but we will develop a protocol for the content.

Alaska
The “Regional info” tab is optional.
Idaho
The “Other regions” will explain that there are RACs for each region of the country, and will

Montana have DOE/ORNL’s color-coded map showing the RACs and their contact info.

Oregon

Washington

Regional info

Other regions

POLICY & INCENTIVES

This section will also remain region-specific, and will be the most customizable in terms of content and layout. Regions
may want to show policy work in progress, policy changes needs, or existing policies in place.

This section will also include incentives for CHP, waste heat recovery, and district energy available in the region, and we
discussed several ways to do this. Our preferred approach is that taken by the Southeast RAC. Since the Southeast RAC
and the DSIRE database are both run from the NCSU Solar Center, a Southeast RAC webpage has a direct feed from the
DSIRE database, showing CHP-specific incentives for each state. See http://www.chpcenterse.org/incentives.htm. Most of
the other RACs just link to the DSIRE database, but the Southeast’s approach has the dual advantages of keeping visitors
on their page and narrowing the database to just CHP incentives in just the relevant states, saving visitors’ the time of
extra searching.

However, setting up the other RACs with a similar feed is not free. The DSIRE people quoted a price of $3,500 for the
initial set-up for each RAC plus $1,000 per year for each RAC. They would offer a discount if multiple RACs if more than
one RAC would request this service. However, the Working Group agrees the price is too steep.

: We will ask Patti Garland to check if the RACs could get a more affordable price. ORNL provided funding
for the DSIRE database for a number of years, so they have more of an established relationship than the other RACs.
DOE/ORNL may be looking into somehow using or linking to the DSIRE database for the new national CHP section
currently being developed by Energetics, or they may develop a new national database similar to that of the ITP State
Incentives and Resource Programs Database run by Sandy Glatt’s group
(http://www1.eere.energy.gov/industry/about/state_activities/incentive_search.asp), or they may use that database
directly and include CHP incentives within it — this is still being decided.

If the RACs are not able to secure a DSIRE feed like the Southeast RAC does, then alternatively:

We can link to the DSIRE database, and/or
We can link to the ITP database
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CASE STUDIES

We titled this tab “Case Studies” rather than “Project Profiles,” because case studies is more commonly-used lingo and
will be more apparent to our target audience of end users. Elsewhere on the page, we may choose to refer to Project
Profiles.

This page should be standardized because, for instance, a hospital in the northwest may be interested in seeing case
studies of hospitals in the northeast. In addition, it will serve as a useful repository for all RAC project profiles so we can
find them and send them on to potentially interested end users in our region. However, we are blessed by a large and
growing number of project profiles, and thus navigating through a simple list of all of them will quickly become unwieldy.
The best solution is to resurrect the DOE Case Study Database developed by Sentech (see www.sentech.org/CaseStudy/).
This database is a wonderful resource. You can search by site name, state, market sector, market subsector and NAICS
code, size range, prime mover, thermal energy use, or fuel type—or a combination of any of the above. For instance, “Are
there any examples of microturbines running on diesel in Alaska? Are there any reciprocating engines running desiccant
dehumidification? Is there any CHP at multifamily housing in New York?

We spoke with Patti Garland and learned that the reason this database was taken off of the DOE website was because it
linked to external web pages, many of which then got moved or removed, so the site contained too many “dead links.”
We suggested that this database be revived and re-populated with only RAC project profiles, to ensure no dead links. In
the future, if we decide we want to add external non-RAC case studies, we could turn them into PDFs and host them on
our own site, rather than linking to them.

We will also most likely have a link to ICF’s CHP Installation Database.

Distributed Energy Case Study Database
Welcome to the Distributed Energy searchable case study database. Simply enter your search criteria in the fields at right to access hundreds of case
studies highlighting distributed energy applications across the country.

Utility/Merchant Power

Market Subsector by NAICS™ Code
Search All ~
Privats Households

Frivate, HUD-Aszisted Housing

Public Housing

Search
Site Name Power Size Range (Electric)
Search All Search All -
ook
State 250 - 500 kw il
AK =] 500 - 750 kW
TED KWW - 1 MW 5
Market Sector
Saarch All N Prime Mowver
Commercial/Institutional Building Search Al o
Distict Eneray =
Industrisl/Agriculture Reciprocating Engine =
ReszidentialMultifamiby Industrial Gas Turbine

Back Preszure Turbing
Steam Turbine

1

Thermal Energy Use

bonption Chiller
dsonption Chiller
cant Dehumidifier

Fuel Type
Search All

"
Matural Gas =

Patti Garland confirmed that the coding of this database belonged to DOE and that are welcome to use it. (It is most likely
a Microsoft Access database that Sentech sent on a CD to Energetics.)

Can this remain a national resource rather than have to be maintained by an individual RAC?

One of DOE’s new CHP pages will include the ability to search for RAC project profiles either by state (via a U.S.

map) or by market sector.
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If this case study database is revived and re-populated with RAC project profiles, maybe DOE should
consider using it on their new CHP site, either instead of or in addition to the map/market sector approach. This would
cover both state and market sector, but offer users other searchable options too—making it a more complete and usable
tool. Furthermore, it would be a better use of time to have one repository, instead of having to send new RAC project
profiles to this case study database and to the maintainers of the DOE site.

Some RACs keep News and Events separate, while others combine them. We think it is
best to combine them, to save website “real estate.” They will be region-specific.

Upcoming Workshops & Events

The most important news and events for each region will also be listed on the RAC’s main
Recent Workshops & Events page.
N ] This page will include a sidebar or box that says, for example:
Members of the Media: The GCAC staff is available to respond to journalists’ inquiries
and requests. Please contact Dan Bullock by phone (281) 364-6087 or by email at
dbullock@harc.edu.

We suggest that the best way to organize the rest of this section is as follows (not
including font/color/design etc.):

Upcoming Workshops & Events

- List as many as you have, up to max of ~ 6?

- List the event title, date, and place. The title links to a page with info on just that event (registration, agenda, etc.). If
only date/place is known, no need to link to a separate page.

- This section is mainly for RAC events or select events where RAC personnel are giving presentations. National events can
be listed, or not.

- To make certain that we don’t list events as “upcoming” that are actually in the distant past, we recommend that we
somehow give each item an “expiration date”: i.e. when posting an item, tell the webmaster to remove it when the data
passes, or put a reminder on your calendar to move it (and at the same time, post the presentations if applicable).

Recent Workshops & Events Archive

- List max of ~ 2? (Older events get archived)
- List the event title, date, and place. The title links to a page with the workshop presentations PDF'd.

News RSS | Email Updates | Archive

- List max of... 8? Nothing more than 1.5 years old? (Older news gets archived)

- Putting a cap on the number of new items listed and/or a date range will make certain that we don’t list news from the
distant past. In addition, we recommend that we give each item an “expiration date”: i.e. when posting an item, tell the
webmaster to remove it after a certain date, or put a reminder on your calendar.
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LIBRARY & RESOURCES

This section will be modeled after the Resource Library section of the Gulf Coast: www.gulfcoastchp.org/Library/. We did
not finalize the layout and content, but we are leaning towards suggesting that it include:

1) An All-RAC “catch-all” library that lists perhaps 10-12 documents on the first page and then have pagination at the
bottom to see others; for example:

1. 2 3 %5 G next: 1|2Hext?age
.. Or...

List alphabetically or by most recent?
We do not yet know the logistics of how this catch-all would be maintained.

2) A RAC-specific section
3) A national resources section with a handful of the best non-RAC tools, databases, magazines, or related organizations
— not comprehensive.

4) Other items from the Gulf Coast Resources Library page, TBD. Note that the Case Studies link would go to our other
Case Studies page.

The Working Group will continue to research ways to organize the library and resources section and to
provide input to the mock-up website.
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The MAC Website Traffic Report: October through December 2009

Website traffic during the period was over 351,150 hits' and a total of over 1.5 million
hits* for the calendar year 2009. Figures 1 and 2 show monthly and annual traffic,
respectively.

Cumulative traffic, since launching the Website in April 2002, now exceeds 7.24 million
hits as shown in Figure 3.

Total number of PDF documents (project profiles, reports, and presentations etc.)
viewed/downloaded from the Website during the period exceeded 173,600 and a total of
over 784,400 for the calendar year 2009. Since launching the Website over 2.65 million
PDF documents have been viewed / downloaded from the Website. The annual and
cumulative data for the PDF documents downloaded are shown in Figures 4 and 5,
respectively.

During the period, the number of distinct computers that logged on to the Website at
least once during the period was as high as 6,356 per month as shown in Figure 6 and
averaged over 6,000 per month. The statistics of the distinct computers logged on for the
calendar year 2009 are as high as over 10,300 per month and averaged over 6,600 per
month.

Data transferred by the Website visitors during the period was as high as 22.9 per month
as shown in Figure 7 and totaled 67 Gigabytes. These statistics for the calendar year
2009 are as high as 87.2 Gigabytes per month and 310 Gigabytes for the whole year.
Since launching the Website, over 1,051 Gigabytes of data have been transferred from
the Website as shown in Figure 8.

Major documents and their number of copies viewed/downloaded are shown in Exhibits
1 and 2. These include the following:

- Project Profiles: Nearly 18,700 during the period (including over 9,300 of those
developed by other RACs) and a total of over 82,600 for the calendar year 2009
(including over 40,900 of those developed by other RACS)

- CHP Resource Guide: Over 9,900 during the period and a total of over 37,100 for the
calendar year 2009

- CHP Resource Guide for Hospitals: Over 6,600 during the period and a total of over
27,400 for the calendar year 2009

- lllinois Permitting Guidebooks (Volumes A, B and Calculator): Over 1,520 during the
period and a total of over 154,200 for the calendar year 2009 (This includes unusually
high number of downloads of 149,000 recoded by the server for April 2009. If we use
an average number of 477 downloads during April, the total for 2009 will be 5,728)

- Report on “Potential Use of IL Coal in Dry-Mill Ethanol Plants: 250 during the period
and a total of nearly 1,070 for the calendar year 2009

- Report on “Energy Use in Future Dry-Mill Ethanol Plants: Over 260 during the period
and a total of over 1,700 for the calendar year 2009

- Report on “Global Warming Impact of Corn Ethanol Production:” Over 472 during the
period and a total of over 1,320 for the calendar year 2009

- Report on “CHP Application in Ethanol Plants:” Over 420 during the period and a total
of nearly 1,270 for the calendar year 2009



Presentations made at the Workshop on “Waste to Energy: Advances and
Opportunities for Ohio’s Livestock & Food Processing Industries,” (Held in Wooster,
OH on April 7, 2009): Over 8,600 during the period and over 28,800 total in 2009

Presentations made at the Workshop on “Energy Saving Opportunities for Wastewater
Treatment Facilities: Energy Efficiency and CHP,” (Held in Indianapolis, IN and
Elkhart, IN on May 19 and 21, 2008, respectively): Over 7,540 during the period and
over 33,500 total in 2009

Presentations made at the Workshop on “Bio-Energy Production through Anaerobic
Digester Technologies,” (Held in Lansing, Ml on January 15, 2008): Over 2,100
during the period and over 10,900 total in 2009

Presentations made at the Workshop on “Methane Recovery from Farm & Food
Processing Waste,” (Held in Richmond, IN on May 31, 2007): Over 2,960 during the
period and over 13,300 total in 2009

Presentations made at the Workshop on “Waste-to-Energy from the Ohio Livestock &
Food Processing Industries,” (Held in Wooster, OH on January 31, 2007): Over 3,800
during the period and over 15,600 total in 2009

Presentations made at the Workshop on “Waste-to-Energy Workshop for Indiana’s
Farm, Food Processing and Wood Industries,” (Held in Jasper, IN on December 11,
2006): Over 2,500 during the period and 10,100 total in 2009

ALL Hits (Cannot determine the number of visitors that stayed on the Website for >5 minutes).



350,000
300,000
250,000
200,000
150,000
100,000

50,000

Monthly Hits on the MAC Web Site

288,529

103,570

1

Jan'09

137,159
105,314 109,872 127,296 117,266
' 103,341 106,590
I I I 1i0 ] im I I I [
Feb'09 Mar'09 Apr09 May'09 Jun'09 Jul'09 Aug'09 Sep'09 Oct'09 Nov'09 Dec'09
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Annual MAC Website Hits through December 2009
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Cumulative MAC Website Hits through December 2009
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PROGRESS REPORT

=
Y | U.S. DEPARTMENT OF ENERGY

‘{ Midwest Clean Energy Application Center

-

Award Number:
DE-EE0001108

Award Recipient:
University of Illinois at Chicago

Principal Investigator:
John Cuttica, (312) 355-3476, cuttica@uic.edu

Reporting Period:
January 1, 2010 through March 31, 2010

Submission Date:
April 30, 2010

Submitted to:
U.S. DOE/NETL
Joseph Renk, (412) 386-6406, Joseph.Renk@NETL.DOE.GOV




Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

Dear Mr. Renk,

Please find the attached Progress Report for the 1% quarter 2010 (Q1.10) for award
number DE-EE0001108 — “Midwest Region Clean Energy Application Center.”

The center has invoiced $112,399.17 for Q1.10:
e Jan. 2010: $37,272.20
e Feb. 2010: $32,481.27
e Mar.2010: $42,645.70

Below you will find a brief synopsis of our activities (deliverables and tasks) for Q4.009.
If you have any questions, please do not hesitate to contact John Cuttica (312-996-4382,
cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefkl@uic.edu).

Thank you,

John Cuttica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center



Deliverable: 1 Task: 1

Description: Updated Project Management Plan

Activity: The Midwest RAC discussed the Project Management Plan (PMP) with the
RAC Project Manager Joe Renk and understands the PMP is a working document and
can be updated throughout the year as the Midwest RAC sees their efforts alter focus. No
update to the PMP was submitted during Q1.10.

Deliverable: 2 Task: 2

Description: Minimum 5 workshops/webinars

Activity:

e Target Market Workshop: No target market workshops hosted during Q1,10.

e Graduate Level CHP Course: The Midwest RAC is in the midst of teaching a
Spring 2010 semester graduate course for the Energy Engineering Masters
program at the University of Illinois at Chicago titled “Combined Heat and
Power, Design, and Management.” The semester course began January 11" and
will conclude the week of May 3".

0 Module 1 - What is CHP (01/11/10)
Module 2 — CHP Fuels (01/11/10)
Module 3 — Prime Movers 1: Internal Combustion Engines (01/25/10)
Module 4 — Prime Movers 2: Combustion Turbines (01/25/10)
Module 5 — Prime Movers 3: Steam Turbines and Fuel Cells (02/01/10)
Module 6 — Generators & Electrical Interconnection (02/01/10)
Module 7 — Thermal Distribution Systems (02/08/10)
Module 8 — Desiccant Dehumidifiers (02/08/10)
Module 9 — CHP Evaluations (02/15/10)
Module 10 — CHP Market Sectors (02/15/10)
Module 11 — CHP Software Model Training (02/22/10)
Module 12 — CHP Financial Analysis (03/01/10)
Module 13 — CHP Environmental Considerations (03/08/10)
Module 14 — DG/CHP Air Permitting (03/08/10)
Module 15 — Waste Heat Recovery Applications (03/29/10)
0 Module 16 - Landfill Gas Applications (03/29/10)
e Other Workshops/Conferences/Presentations:
o CHP Opportunities in Eastern Illini Electric Cooperative, January 21,
2010, Paxton, IL — the Midwest RAC presented “Biogas Energy
Opportunities for Eastern Illini Electric Cooperatives”
0 Ohio Chemical Technology Council Board of Directors Meeting, January
28, 2010, Columbus, OH — the Midwest RAC co-presented “Ohio:
CHP/Waste Heat Recovery & Feed-in Tariff Policy”
o0 ACEEE “Profitability and Environmental Sustainability in the Dairy
Industry” Conference, February 7, 2010, Madison, WI — the Midwest
RAC presented “Rural Synergies: Combined Heat and Power Systems at
Dairy Farms and Ethanol Plants.”

OO0OO0O0O0O0O0OO0O0O0O0O0OO0OO0ODO
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o IDEA Annual Campus Energy Conference, February 9, 2010, Reno,
Nevada — the Midwest RAC presented “U.S. DOE Clean Energy
Applications”

o0 Combined Heat and Power (CHP): Creating Interconnection Standards in
the 2010 Missouri Legislation, March 1, 2010, Jefferson City, MO - the
Midwest RAC presented Combined Heat and Power (CHP): An
Opportunity to be Explored and Exploited in Missouri”

0 Biomass CHP and Thermal Systems Short Course, March 17, 2010, Penn
State University, University Park, PA — the Midwest RAC presented
“Anaerobic Digester CHP.”

o CHP Opportunities and Project Development Strategies: Part 1 “Capturing
New CHP Opportunities — Maybe in Your Own Backyard,” March 18,
2010, Online Webinar — the Midwest RAC presented “U.S. DOE Clean
Energy Application Centers.”

e Upcoming (or under consideration) Workshops/Conference :

o Illinois Save Energy Now (SEN) Industrial Energy Efficiency Forum,
April 21, 2010, Chicago, IL

0 Anaerobic Digester (AD) / CHP Workshop, August 2010, Eastern Illini
Service Territory (under consideration)

0 Combined Heat and Power for Toledo Industry Workshop (under
consideration)

o District Energy Webinar Series for 2" Tier Colleges/Universities (under
consideration)

0 Waste Heat to Power Workshop, September 29-30, 2010, Chicago, IL

Deliverable: 3 Task: 2

Description: All educational material developed and utilized in deliverable 2 posted on
the website

Activity: See the U.S. DOE Midwest Clean Energy Application Center website at
www.midwestcleanenergy.org.

Deliverable: 4 Task: 3
Description: 1 regulatory workshop

Activity:

e Target Policy States: The Midwest RAC has been heavily involved in developing
an action plan for the State of Ohio titled “State of Ohio Clean Energy Policy
Opportunity Document.” This activity has been a highlighted focus for the
Midwest RAC and several other RACs working closely with DOE during Q1.10.

e Regulatory Workshop: A ¥ day regulatory focused workshop is being
coordinated in conjunction with the Waste Heat to Power workshop that will be
hosted in Chicago, Illinois, in the September timeframe. The second day of this
workshop will be focused on the past, current, and future regulatory and policy

U.S. DOE Midwest Clean Energy Application Center 4



related activities impacting CHP and WHR technologies. This workshop’s
planning efforts are being coordinated with the Northwest RAC, the Pacific RAC,
and the Gulf Coast RAC.

e Policy Student: the Midwest RAC hired a policy graduate student from College of
Urban Planning and Public Affairs (University of Illinois at Chicago) who began
working with the Midwest RAC in January 2010. This policy student will likely
be granted a internship with the Environmental Law & Policy Center (ELPC),
which is one of the policy/regulatory partners of the Midwest RAC (50% time for
ELPC and 50% time for the Midwest RAC).

e Other Policy/Regulatory Activities:

o State of Ohio: The Midwest RAC has been working with the Ohio
environmental groups and Ohio industrial partners to provide input on
proposed legislation to make the State of Ohio a more favorable market
for “clean energy” applications. One key issue the Midwest RAC is
promoting is Feed-In Tariffs (FITs). The Midwest RAC co-presented to
the Ohio Chemical Technology Council Board of Directors on CHP and
policy changes on January 28, 2010 (see more info in Deliverable #2). A
coalition is actively being formed in Ohio to promote required policy
changes to open up the CHP market in Ohio.

o State of Missouri: The Midwest RAC has been working with both the
Missouri State Energy Office and an environmental group to provide input
on proposed legislation to make the State of Missouri a more favorable
market for “clean energy” applications. One key issue the Midwest RAC
is promoting is legislation similar to Feed-In Tariffs (FITs). The Midwest
RAC made several trips to Missouri during Q1.10:

= (03/01/10 — Co-presented with Recycled Energy Development at
the Missouri Capitol on CHP and the needed CHP policy changes

= 03/19/10 — Met with Missouri Utilities and Missouri Public Utility
Commission to discuss benefits of added CHP and required CHP
policy changes

= 3/22/10 - Testified in the Missouri House of Representatives in
favor of HB2311: Missouri CHP Bill.

o lllinois Electric Cooperatives: the Midwest RAC working closely with
Association of Illinois Electric Cooperatives (AIEC) to promote AD/CHP
in the State of Illinois and to identify the related barriers. The AIEC and
Midwest RAC met with the Eastern Illini Electric Cooperative on January
21, 2010.

o City of Oak Park: the Midwest RAC is waiting for information from the
City of Oak Park to begin preliminary studies for city buildings for CHP
feasibility as part of their future sustainability activities (including grid
infrastructure, smart grids, perfect power, and required policy changes to
accommodate Oak Park’s initiatives).

o0 Galvin Electricity Initiative: the Midwest RAC is working with the Galvin
Electricity Initiative to identify favorable policy reforms for the Midwest
states. Illinois will most likely be the first state to target with the GEI.

U.S. DOE Midwest Clean Energy Application Center 5



o College of Urban Planning and Public Affairs (CUPPA): the Midwest
RAC hired a policy student from CUPPA and is providing municipal
policy related activities to Martin Jaffe (CUPPA-UIC) as information for
municipal policy planning.

o Chicago Climate Action Plan — the Midwest RAC has continued to
support the CCAP in promoting CHP for the City of Chicago.

0 U.S. Clean Heat and Power Association (USCHPA) — the Midwest RAC
serves on the board of directors for the USCHPA.

Deliverable: 5 Task: 4

Description: Incorporate district energy and waste heat recovery technology material
into the website.

Activity:

e The Midwest RAC has been extensively working on the redevelopment of the
RAC websites during Q1.10. CIliff Haefke is serving as co-chair with Christine
Brinker (Intermountain RAC) for the RAC Website and Logo Working Group.
The initiatives of the team are to create a new logo and graphic for the RACs and
to develop a coordinated effort in converting the RAC websites from “CHP” to
“clean energy.”

o Working with the Gulf Coast RAC, a new graphic and logo was developed
and presented at the RAC Face-to-Face meeting in February in Reno, NV.
The RAC logo was approved and is now being utilized by all of the 8
RACs. Below are the example logos for the Midwest RAC.

0 A prototype of the website (developed by the Gulf Coast RAC) will be
made available for comment in late April 2010.

0 The RAC Website and Logo Working Group provided the following:

» Presentation Update to the RAC Directors, 2/8/10 (see Appendix A)
= Presentation to RAC Webmasters, 3/5/10 (see Appendix B)
= Notes from RAC Webmaster Meeting, 3/8/10 (see Appendix C)

s ) U.S. DEPARTMENT OF ENERGY
. “ ~ Midwest Clean Energy Application Center

-
Figure 1 - Midwest RAC Logo (no tag line)

=
y_ ) U.S. DEPARTMENT OF ENERGY

U Midwest Clean Energy Application Center
4 : . _

- Di ] :
Figure 2 - Midwest RAC Logo (with tagline)
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Figure 3 - Midwest RAC (vertical)

Deliverable: 6 Task: 4

Description: Provide semi-annual report on website activities, usage, and metrics.

Activity:
e The RAC provided metrics to ORNL for Fiscal Year 2009 during Q4.09.
e The semi-annual report will be submitted during Q2.10.

Deliverable: 7 Task: 4

Description: Develop a minimum of 9 project profiles.

Activity:
e Searchable Project Profile Database: the RAC Logo and Website Working Group
has been working with Energetics to develop a searchable database tool
e Project Profiles in development: four project profiles were in development during
Q1.10:
o Caterpillar Aurora, Aurora, IL, 15 MW
0 Qualcomm, San Diego, CA, 11.4 MW
o0 Basin Electric, North Dakota, 5.5 MW
o0 Sietsema Farm Feeds, Howard City, Ml, 500 kW

Deliverable: 8 Task: 4

Description: Develop and launch at least 1 market sector page on the website.

Activity:
e See Activity #5 for a description of the website activity during Q1.10.
e The Midwest RAC has secured the rights to use www.midwestcleanenergy.org as
their new url. Both the old and new urls will be available to access the U.S. DOE
Midwest Clean Energy Application Center website.

Deliverable: 9 Task: 4

U.S. DOE Midwest Clean Energy Application Center 7



Description: Technical studies (topics TBD during the course of the year). Reports
posted on the website and provided as deliverable.

Activity:
e Technical Studies Under Development
o0 County-by-County Biogas Feedstock CHP Potential for the State of
Illinois (completion expected May 2010)
o0 National Survey of Energy Systems at Ethanol Plants (Q1.10)
= Leveraged funds with Illinois Corn Marketing Board
= Includes evaluation of CHP technologies
= Measures what energy efficiency measures were implemented at
ethanol facilities
= The survey found that 22% of surveyed ethanol plants (17 plants
out of 76 responding plants) utilize CHP technologies.
e Three separate technical studies are being investigated and under consideration to
fund during fiscal year 2010:
0 Lessons Learned for Biogas CHP Projects
o Energy Savings Partnership — Integration of an Ethanol Plant and Dairy
Farm Facility
0 Update to the 2005 CHP Resource Guide
0 CHP Policy and Regulatory Activities in the Midwest

Deliverable: 10 Task: 4

Description: Semi-annual reporting of changes in clean energy installations in the
Midwest to DOE database.

Activity: No activity during Q1.10. Requests to the Midwest RAC partners will be sent
out Q2.10 to collect data on clean energy installations in the Midwest for the DOE
database. This information will be forwarded on to Anne Hampson of ICF International.

Deliverable: 11 Task: 5
Description: Up to 10 technical site evaluations on an as required basis.

Activity:

e Harrison Steel, Attica, IN — the Midwest RAC has been collecting data and
information to provide a Level 1 Feasibility to investigate both CHP and waste
heat recovery opportunities. The Midwest RAC met with Harrison Steel staff and
toured the facility in February 2010.

e Gundersen Lutheran Hospital, Lacrosse, WI — the Midwest RAC was contacted
by Gundersen Lutheran to perform a Level 1 Analysis of a LFG/CHP project.
Gundersen Lutheran may move forward with an RFP in which the Midwest RAC
would assist GL in writing the RFP and assisting GL in selecting a qualified
engineering firm.

U.S. DOE Midwest Clean Energy Application Center 8



Technical Assistance to Illinois Biogas CHP Projects: the Midwest RAC serves as
the technical resource arm for the Illinois DCEO (state energy office) on the
technologies of CHP. The UIC/ERC has leveraged funds with the IL DCEO to
serve as the contract manager for the Illinois Biogas CHP Program.

0 Green Industry Business Development Program for Organic Waste
Processing Facility (partners: Gas Environmental, Global Water & Energy
(GW&E), Growing Power) — food waste processing, composting, and
AD/CHP to power greenhouses to grow more food product (1-2 MW)

0 Packer Engineering, gasifier (crop residue and corn stover) looking to site
CHP system (15 kW), Naperville, IL

o Agricultural Watershed Institute, for a mobile biomass briquetter and
distribute biomass briquettes to other biomass CHP projects, partners
include John Deere, Packer Engineering, and Archer Daniels Midland

0 Fox Lake Wastewater Treatment Facility, for a 100 kW CHP project
utilizing biogas from the anaerobic digester that was otherwise being
wasted and flared.

o Parkland College, 25 kW CHP project on campus using biogas

The Midwest RAC has continued to maintain relations with and establish new
contacts with a number of Engineering Firms that involved in the Clean Energy
community in the Midwest region.

Midwest Cogeneration Association (MCA)

o CIiff Haefke of the Midwest RAC was voted in as Vice President of the
Midwest Cogeneration Association (MCA) in January 2010.

0 John Culttica participates in the MCA as a Board Member.

0 The Midwest RAC is assisting in the development of a monthly newsletter
for the MCA members and cogeneration/CHP industry that will be issued
in April.

0 The Midwest RAC staff attended three MCA Board meetings during
Q1.10.

Deliverable: 12 Task: 5

Description: Provide clean energy technology support to Midwest IACs — one day
educational sessions.

Activity:

The Midwest RAC has organized a site tour of a CHP plant for the University of
[linois at Chicago on April 12", 2010.

The Midwest RAC will be coordinating activities with the Midwest IACs to
attend the September 2010 Waste Heat to Power Workshop.

Deliverable: 13 Task: 6

U.S. DOE Midwest Clean Energy Application Center 9



Description: Quarterly status reports activities, deliverables, etc. in accordance with
NETL/DOE instructions.

Activity:
e The Quarterly Report was submitted to Joe Renk (DOE/NETL).

e See this quarterly report for Q1.10.
e Also see Quarterly Website Report in Appendix D for Midwest RAC website

activities.

Deliverable: 14 Task: 6

Description: Support DOE metrics of Centers as required.

Activity: No activity during Q1.10.

U.S. DOE Midwest Clean Energy Application Center 10
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RAC Logo/Website
Team Update

RAC Face-to-Face Meeting
February 8, 2010
Reno, NV

U.5. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

1}

| 2

\

e Purpose

e Team Members

= Activities
 Accomplishments-to-Date
* Next Steps

Energy Efficiency &

EH E RGY Renewsahla Enengy

- U.S. Derasinvent of Exteoy

. . e
_-., Clean Energy Application Centers

Purpose

e Assemble RAC sub-committee
« Develop new RAC logo

e Coordinate and brand new/modified
RAC web sites focused on ““clean
energy” technologies

* Continue other RAC branding
initiatives

Energy Efficiency &

EH E RGY Renewable Enengy

- U.S. Derasinvent of Exteoy

. . e
_-., Clean Energy Application Centers

Team Members

e Christine Brinker — IM (co-chair)
e Cliff Haefke — MW (co-chair)

e Maureen Quinlan — SE

e Pauline Jensen — NW

e Rhett Graves — SE

e Elaine Kulawiak — MW

yls Energy Efficiency &
GY Renewable Enengy

£ U.S. Derastiment oF Entrcy

‘s, Clean Energy Application Centers
Activities

* Began teleconferences/webcasts in Oct. '09

* Presented “RAC Logo/Website Recommendations
Report” to RAC Directors on Dec. 81

* Website Phase | began Jan. 14t (completed Feb. 5th)
* New RAC logo temporary approval Feb. 1st
* RAC Face-to-Face Meeting (Feb. 8™

* Website Phase Il begins week of Feb. 8t

Energy Efficiency &

EH E RGY Renewable Enengy

£ U.S. Derastiment oF Entrcy

-~ - i)
‘., Clean Energy Application Centers

New RAC Logo

e,
» LS. DeparTMENT OF ENERGY

-.a Clean Energy Application Center

Cuaan Exeoy

)
. e . -
» U5, Derartment of Enercy MG O

.’-\ Clean Energy Application Center

- MIDWES

Energy Efficiency &

EH E RGY Renewable Enengy




»

A

-

Website Development: Phases | & 11 Shared Website Content Assignments
* Phase | (complete by 02/05/10) . . )
— Initial website template design = Website Template Design (GC-Tomlin)
— Develop initial round of shared website content (assigned < News and Events (IM-Brinker, MW-Haefke)
01/14/10) ) )
= About Clean Energy (Ne-Gerrish, SE-Quinlan)
- Phase Il (various completion stages) * Getting Started/Evaluation Tools (ne-cerrish, MA-Freinart)
RAC Directors discuss website template (week of 02/08/10) « Market Sectors (P-McDonnell, NW-Jenson)
Conference call with RAC webmasters to agree on website !
coding language (conference call week of 02/15/10) e States (P-McDonnell, NW-Jenson)
— Develop remaining shared website content : : .
(assigned week of 02/08/10, complete by 02/26/10) = Policy & Incentives (Im-Brinker, MW-Haefke)
— Develop initial RAC website for review (complete 03/08/10) = Project Profiles (IM-Brinker, MW-Haefke)

— Launch first RAC website (03/15/10 . .
aunch firs website ( ) - Library & Links (Graves-SE, Quinlan-SE, Kulawiak-MW)

us seemstusnt 0F | Enaegy Efficiency & U EERARTMENT OF

Energy Efficiancy &
ENERGY Renewable Energy ENERGY

Renewable Enengy

” i_. e gy Abphintin Coster

P
£ Mt 4 s P 1o P i e 4
i e e T P o 14

{HIAIRIC]

T e - {HIAIRIC]»

»

U5, Derasimart oF Ertrey

X
‘., Clean Energy Application Centers

Discussion & Next Steps

LS. Dersamvasy on Esamcy

”
h‘\ Guli Coast Clean Energy Application Center
o

Revised RAC Logo
» Phase Il approach appropriate?
— Launch one initial web site vs. all 8 web sites?
* Price of DSIRE web feed
» Other Branding Team efforts?
— PPT templates, report templates, project profiles, etc.

Energy Efficiancy &
e (HIAIRICI} ENERGY  Fenewabie Enery
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RAC Webmaster
Coordination Call

March 5, 2010

” LS. DRPARTMENT F ENTRGY us carasrmintor | Enprgy Efficiency &

‘s, Clean Energy Application Centers ENERGY Renawable Energy

Introductions

RAC Webmaster

Gulf Coast Ross Tomlin, rtomlin@harc.edu, 281-363-7922

Intermountain | Randy Martin, randy@rimartin.com, 970-219-2605

Mid-Atlantic Deb Simpson, dys11@outreeach.psu.edu, (814) 865-9972

Midwest Don Punwani, dpunwani@avalonconsulting.com, 630-983-0883
Northeast Outside contractor TBD
Northwest Michael Bradley, bradleym@energy.wsu, 360-956-2099
Pacific Cecila
Southeast Maria Fellicelli, maria@me.msstate.edu, 662-325-7321
; AT O Estes s parasrmenror | E = Hiciene
B, Ciean Energy Application Centers ENERGY | oy Siciorcy &

Agenda

= Introductions

= Background / Approach

= Design Preview

= Design Considerations

= Coding Discussion

= Discussion of Tracking Web Statistics
= QOther?

LS, Depmkraint or Eximcy T T ——
~ .
& Clean Energy Application Centers ENERGY  rusevasie Energy

Background
= Expa nded SCOpPE (CHP, district energy, waste heat recovery)

= RAC Website & Logo Working Group

= New, modern, and consistent look-and-feel for
all 8 RAC websites (coordinated effort)

P& US Dursuint of Exisoy
‘,, Clean Energy Application Centers

Approach

1) The Gulf Coast RAC will pilot the first site

- www.gulfcoastcleanenergy.org
- Ross Tomlin, rtomlin@harc.edu, 281-363-7922

2) Comments and revisions from RAC Directors
and others

3) All other RACs copy the site for their own region

- Some content is more-or-less standardized, other content is
region-specific

” U8, Drrawrmnst o Exisoy us oemarmentor | Enargy Efiiciency &

‘s, Clean Energy Application Cenlers ENERGY Renewable Energy

Design Consistency

The RAC Directors have expressed that all 8 RAC
websites should have a consistent look and feel .

» LS. Drvsursatt cor Exrsiy us carasrmintor | Enargy Efficiency &

‘s, Clean Energy Application Cenlers ENERGY Renewable Energy




. 5 Clean Fnaray Applcntion Comter

[

T e we————r e T T - .

PRl e e o |

Ubcary
F L US, Dot oo Brancy
Guli Coast Clean E ication Cenler
., 24P, Erict Enangy, arel Wuste Heat Racaecy

Mhame  Abeul  Whats CHPT  Markets  Mequistioss  Mews & Dvests  Mesource Libesry

e spmbmpre

T e ety o S st s, 8 o e i ek e st et B e e by
i it S, a1 it 'l et il i sl bl

GCAC
= About the Certer 8 Biodwsed Emessions Report. MO
- What s CHF®Y Etesssces; Rlates for Recipicaten Engres
+ Marksts Generator Lisng Biodesel Fuess
» Haguiations 8 Bukding Suctess. Guf Coast Regional
+ GCAL Workshops Apphcaton Cenes Final Repod
ke yeu ean = ind Powes 1o P Gulf Coast
chckion ey docament Rnaing s et By that feld. Regon Benefits and Chalenges
T Combined Heat and Power Potential Lising
Document Type T
» Carse Stuckes 18 Combined Heat and Povwer Whate Paper
» Presertations
+ Publcations. B GCAC Fact Sheet
e

Distributed Energy Case Study Database . . .
e g s o o o e e o e e Design Considerations
Bearch
'.::,!l:ﬂ I":.:;l‘:n Range (Bectre)
e = Full screen/adjustable-width pages rather than
P : fixed-width pages (Rhett Graves)
i iy 5 . .
el B C = News box with vertical scroll bar (Ross Tomlin)
O
- z = Rotating pictures on Home Page
ek Sutuecer by NALCS" Cote e ¥ = A searchable database common to all RAC
- e ! websites
Ty . o Help us figure out a way that visitors could view and
.‘E"— search the database from their own RAC website rather
- - than being redirected to another
= Pull down paragraphs (see next slide)
L 5. Depsaranr o Enemcy x BamarEar or ray Effics ” 1.5, DRPARTMINT OF ENRGY U oumamTtaY oF rgy Effich
&, Ciean Energy Application Centers ENERGY roranie; ;:r;: __s, Ciean Energy Application Centers ENERGY rorsao :::g:
Design Considerations (contd) Open Discussion
= Pull-down paragraphs = Qther design considerations?
= ; = QOther website techniques?
= More new/modern techniques?
= What makes websites today more attractive
and user-friendly than other websites?
C 1.5, Dupasmsn or Expsoy U8 CEPLsTEENT OF Effich C 1.5, Dupssrsaens or Enmcy U8 CERLsTEENT 08 Efiics
8., E.‘Ilean Encrgy Application Centers E"ERGY Et::?:an’r:::ryg: 8., E.‘Ilean Encrgy Application Centers E"ERGY E::?:ap?:::ryg:




Discussion/Agreement
on Coding Language

LS. Dursursaest oF Exscy Energy Efficiency &
‘,, Clean Energy Application Centers ENERGY Renawable Energy

Discussion of Tracking Web Statistics

= DOE has asked all RACs to use the same
method of tracking hits, page views,
downloads, etc to maintain consistency

= Switch to Google Analytics? (Randy Martin)
o Free and robust

LS. Dursursaest oF Exscy Energy Efficiency &
‘,, Clean Energy Application Centers ENERGY Renawable Energy

Recap/Action Items/Final Comments

LS, Dupanrsan o Exemoy hency &

ay
‘, Clean Encrgy Application Centers ENERGY Fl\ m\- able Energy

Thank You

= RAC Website and Logo Working Group:
o Cliff Haefke — MW (co-chair)
o Christine Brinker — IM (co-chair)
o Maureen Quinlan — SE
o Pauline Jensen — NW
° Rhett Graves — SE
o Elaine Kulawiak — MW

ULS, Dpanrsunt o Eximiy

‘,, Clean Energy Application Centers
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Notes from RAC Webmasters Conference Call

1:00PM (CST), Friday, March 5, 2010
Moderators: Christine Brinker, Cliff Haefke

ATTENDEES:

RAC RAC Working Group RAC Webmasters

Gulf Coast Ross Tomlin Krist Bender, GJ Snyder
Intermountain Christine Brinker Randy Martin, Jonathan Martin
Mid-Atlantic Deb Simpson
Midwest Cliff Haefke Dharam Punwani
Pacific Vince McDonnell Cecilia Ruiz-Smith
Northeast

Northwest Michael Bradley
Southeast Rhett Graves, Maureen Quinlan Maria Felicelli
ACTION ITEMS:

Action Item Responsible Party | Proposed Deadline

Identify pros/cons of a national CHP library/database versus a

Email Brinker &

locally-hosted library/database ALL Haefke by 3/12/10
Identify whether or not your RAC will be changing your region’s

RAC web address / URL and pass along new web address o

- Midwest is changing to www.midwestcleanenergy.org ALL Email Brinker &

- Intermountain is changing to www.intermountaincleanenergy.org Haefke by 3/12/10
- Gulf Coast is changing to www.gulfcoastcleanenergy.org

- Mid-Atlantic is changing to www.maceac.psu.edu

Share “other” modern web site design considerations and/or web ALL Email Brinker &

techniques not discussed on call

Haefke by 3/12/10

Discuss logistics of existing CHP database located at ORNL

Brinker, Graves,
Haefke, Punwani

Schedule Conference
Call during week of
3/12/10 following input
from RAC webmasters

Verify with DOE sponsors what website reporting content is

Schedule Conference

required (results will aid in identifying and selecting website Haefke Call during week of
tracking program) 3/08/10
Develop draft prototype
website by 3/15/10
Development of initial prototype website Tomlin (pending receiving

developed material from
RAC Website/Logo
Working Group)

NOTES:
e  See attached presentation for all discussion topics

e National library/database versus locally-hosted library/database
o Existing CHP database in existence at ORNL uses Cold Fusion — could/should this be expanded

for all RACs?

Need to verify with RAC Directors
Need to verify with DOE sponsors

O O0O0Oo

Need to further discuss logistics with Working Group and Webmasters

This web library is not to be confused with an internal RAC resource/working documents library

e CHP Project Profile Database can be located on Energetics website and viewed on individual RAC

websites by using iframes




The Gulf Coast will develop the initial prototype site in HTML using DotNetNuke, and will transfer the
website coding to other RACs via HTML files, layered Photoshop replicas, and/or DotNetNuke files
(whatever is necessary for each RAC)

Best practices / design considerations

0 Use standard HTML coding technique and cascading style sheets (especially for initial prototype)

o0 Avoid text in images for the initial prototype (hard to revise)

o Avoid Flash little widgets for the initial prototype (hard to revise)

0 Textin “accordion control” may not come up when you try to search within the page (but still
comes up in site-wide searched and Google searches). As long as the headings are clear, this
should not be a major problem.

Website tracking program

0 Need to determine what type of information DOE sponsors require of the RACs when reporting
and then make sure Google Analytics can meet the requirements of the DOE sponsors

0 Webmasters in agreement to move towards same tracking program

o0 If Google Analytics can not meet the reporting requirements of DOE sponsors, then a new website
tracking program must be identified
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The MAC Web Site Traffic Report: January through March 2010

Web site traffic during the period was over 363,000.hits*. Figures 1 and 2 show monthly
and annual traffic, respectively.

Cumulative traffic, since launching the Web site in April 2002, now exceeds 7.6 million
hits as shown in Figure 3.

Total number of PDF documents (project profiles, reports, and presentations etc.)
viewed/downloaded from the Web site during the period exceeded 182,100. Since
launching the Web site over 2.84 million PDF documents have been viewed /
downloaded from the Web site. Figures 4 and 5 show monthly and annual download
data, respectively of the PDF documents.

During the period, the number of distinct computers that logged on to the Web site at
least once during the period was as high as 6,900 per month as shown in Figure 6 and
average about 6,300 per month.

Data transferred by the Web site visitors during the period was as high as 25.4
Gigabytes per month and totaled 69 Gigabytes as shown in Figure 7. Since launching
the Web site, over 1,120 Gigabytes of data have been transferred from the Web site as
shown in Figure 8.

Major documents and their number of copies viewed/downloaded during the period are
shown in Exhibits 1 and 2. These include the following:

- Project Profiles: Over 27,500 (including over 13,400 of those developed by other
RACSs)

- CHP Resource Guide: 9,707

- CHP Resource Guide for Hospitals (Published in March 2008): 8,334
- lllinois Permitting Guidebooks (Volumes A, B and Calculator: 1,510

- Report on “Potential Use of IL Coal in Dry-Mill Ethanol Plants:” 522

- Report on “Energy Use in Future Dry-Mill Ethanol Plants:” 423

- Report on “Global Warming Impact of Corn Ethanol Production:” 285
- Report on “CHP Application in Ethanol Plants:” 146

- Presentation made by Cliff Haefke at the “Biosolids Workshop of the Michigan Water
and Environmental Association (3/3/09)": 792

- Presentations made by Cliff Haefke at the “Biomass Conference (Dubuque, IA,;
7/17/08)": 1,081

- Presentations made at the Workshop on “Waste to Energy for the lllinois Electric
Cooperatives (Springfield, IL; 10/20/09)": 3,157

- Presentations made at the Workshop on “Waste to Energy (Wooster, OH; 4/7/09)
9,364

- Presentations made at the Workshop on “Opportunities for Wastewater
Treatment Facilities: Energy Efficiency and CHP (Indianapolis, IN and Elkhart, IN on
May 19 and 21, 2008, respectively)”: 7,098

- Presentations made at the Workshop on “Bio-Energy Production through Anaerobic
Digester Technologies (Lansing, MI; 1/15/08)”: 2,029

- Presentations made at the Workshop on “Methane Recovery from Farm & Food
Processing Waste (Richmond, IN; 5/31/07)": 2,767



- Presentations made at the Workshop on “Waste-to-Energy from the Ohio Livestock &
Food Processing Industries (Wooster, OH; 1/31/07)": 3,327

- Presentations made at the Workshop on “Waste-to-Energy Workshop for Indiana’s
Farm, Food Processing and Wood Industries (Jasper, IN; 12/11/06)": 2,220

1. ALL Hits (Cannot determine the number of visitors that stayed on the Website for >5 minutes)



Monthly Hits on the MAC Web Site
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Figure 1. Monthly Hits on the MAC Web Site During 2010




Annual Hits on the MAC Web Site
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Figure 2: Annual MAC Web Site Hits
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Figure 3: Cumulative MAC Web Site Hits through March 2010
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Figure 5: Cumulative Total of PDF Documents Downloaded through March 2010
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Figure 7: Annual Data Transferred by the MAC Web Site Visitors




Cumulative Data Transferred by the MAC Web Site Visitors, Gigabytes

1200.0

1000.0 -

800.0 /

600.0 -

400.0 -

0.0

2002 2003 2004 2005 2006 2007 2008 2009 2010 YTD

Figure 8: Cumulative Data Transferred by the MAC Web Site Visitors through March 2010

10



i Eal TN

Projact Profiles
| Adiang 41 n ®
| Adwocats South Suburban Haspital 546 s
Adesntics F s -2 1]
_MI‘IM'_M'M Ll 138 ™
Antich Comeenay Mgh Schaol ™M s
Barham Faemy o n ]
Baks Mumenal Heiptsl 45 s m
TMCA M 4 e
Brasheo Fabtic sting Products 2 ar 1w
Clover Hil Dary M
Craey Brothary L4 o
Dmicots Station & 3
East Karaas Acn-Eneegy il 15
Easten Michgan Usnarnty | {
Elgn Communty College Lol 1]
Hoaptal 1 10 9
Evanston Hgh Schaol O
Franciscan Sesters ® N W
Frankin Hasng Samizn ® » L]
| Holdmy Inn 82 1 £
Hataum Dy o7 1 e
Habsum Elm Dasry B 75 wa
Hurtes Haven Fams 0s W
Viastewator Tromment Facilty TR ]
Jyune Beown Vi Medical Canter Wy % m
Lacieds Oy Boskimg &
Laky Ferwst Hoaptal & s
Litle Compary of Mary Hoaptal I T
Lot ind 2 N M|
| Mana South Mgh Schoot ns m @
Manchaster Tankn FICAI e
Musgpom of & s W
Maticnal Arsmal Draeane Contar 05 83 7
Haal Ststicn Geeat Lakes WS 120 156
Misgsun Gran %W w3
Nodhwest Communty Hospial I ]
Horeng Fama W oW W
Derpx Sevan Mis Cresk Lancts s
Pagadona Ciy Colegs no# k]
Frastytorian Homas & s
Hoaptal & 4|
Flnchestin VWastewatir Troatmust Plant 7T ue|
scC Bmom
SmihFoid Foods A ] ®
5t Francis Hosptal L] o
5t Mary's Hosgatal, L0 CEAN ] "
St Mary'y Howpatad, Wi LA A i
Heath I I
U'S. Eneigy Patnars N, ;| &
UIC: East Campus AN A ]
| UG AVest Campus LA - ]
Uniarety of lsws n om i}
Unmarsiy of Michigan |
tar Corparation |
WVestd Manufactung 7 78 W2
County Sherifs Ofice 0l
Total Project Profiles Totsl 4078 28N GAT4
Other HACs
Adaska Village Electnc Coop Amik E I T
Aatha Vilage Elecine Coap Gealing % @ @
B & m m
| Bnssie-hyers Squits - | [
Cantral Connectiest State Unimray % n e
s County L .
Coty Colege B A, T
Columbes Energy T s
Coarado Pork: u e 7
Cooper Ty
Com Frodects % 8 *
CON Infpne B s nr
East By Municipal Utitsy Drstrct _ws % 19
Lanai A T
Estan Junction Walarwated Tosatmunl Facilty FT R Y 1
Fort Bragg R I
Golwn Gty ] %
Gewan Moustan Coffes Flzastery @ o
Harbee: Plastcs B 43 5T
| Ina Fisad Wates Feilution Contrel Facity a8 | ]
Jshnsen & Jshnsen 01 12 3
Joaeph Galo Famy W Ime W
Kokhangk City =% n ar
Kangganak Ciy A ] £
| Kunglingoh B 4T w1
LaFarge Gypsum I 68 8 %
| McShan Lueribar [ | | [
Motwork Applance Data Conter ™ &2 e
Meaada Hatel Casna [ L]
Haw - ]
Motre Daer Long Term Care. 48 a1 N
i Markes Plaza NI D
Rtz Cariton E BT A B
Santa Margarts Wastewater Trastmant Plant . A a2 6%
Sarts Fita Jad 17 " "7
Supra Hevads Brewery m v W
Shaedda Hospan @ @ m
South Oaks s a2 et
| South Masaappi Comectional Faciity [ | | |
SR ; %7
Stevena Vilage Counch 9 4 &
| Patrolsum 0% -
The Insxte Pastage Elscine Coop (Angeon) B oW n
Unwersy of Caisemia, Backeley I l k|
Univetsty of Montana 1w T 7
Unwersity of Nosth Carslina T ws]
| Unwversey of Cabdomia, San Dege.
| Utah State Usnruity C I 9
Wiy Mechesl Corder I 3
| Vandar Haak Dairy 15 @ W
Vimyand 29 B %] 6|
Vadeland Dairy BT 45
Walkibaum's Supemarket = w m
T ]
Total Project Pacdiles of Othes RACs 4,280 3,757 S4%
Grand Total of All Projoct Profiles (MAC « Others) 8358 7611 11811
Resource Galde
2000 5, &6 19
| 2006 2215 239 13
| Yol 214 285 4048
Hospitals Resource Guide 2w M NS
1L Premieting Guideboaks
A W5 136 ;)
8 57 or| 83|
Calulater ue 17 e
Total Mmoo w9
| Enargy Use in Futues Dry Mill Ethanol Plants LU E I T
Global Warming kmpact of Corn Ethanol Production TR BT
Fotential Lve of IL Coal in Dry-Mill Exhamol Plants ™o
CHP Application in Ethanal Plants @ B on
Cnhers

Mich. Watar Env, Asso. Blosslids Wish. (090300 Haafe] m e M

| 0BOTAT Haetke 1 AW ¥
080717 Haste 2 w 1w

Total

o

200
Apr10 May 10 Jusi0 Sul10 Ausg10 Sep10 Ocr0 Hov't0 Decd Toesl

163 |
08 |

53

&3
m|
158

139

i

a0

11



Exhiti 2 WorkshopCanfarer Bownlosdad from o Viewsd st the MAC Websie in 2010

Jant0 Febd Marid Ap1d May1 Jun'td Jul10 Augtd Septd Ocrid HowdD Dec'd Total

‘Wases to Energy Workshop for the lilinols Elecaric

Cooparatives (Springfsld, IL; 10720109} =
Hagfce 1 1 &2 L] 19
Hatea 7 a4 n a3 20
Hammand 65 158 43 260
Hartsi a1 a1 a1 2}
Kennebck 038 52 235
Chind 1 Gl 58 a5 1hS
Ol 2 My 462 aH 123
Salgenon [ T ag
Anduson [ 2 )
Brochure 15 * 42 3
Agands = a az 2
Spoakies Bio (] 1 & 164
Toanl an M 108 RRETS
Wiaste.to-Lnergy Workshop (Wanstor, CH; 47403
Schanbechar 1554 119 1654 4407
Dvorak 0 x/2 an 1,054
MeDunald m L] S 241
Kasper 3] 3 53 2
|Hrewn ™ " a1 a2
et 45 30 100 178
O'Loughin » x kL 06
ek 3 (] k] o
Nannge: W s 125 s
Kunz 45 [ a4 155
Amakd 4 M (3] 135
Cosdge b3 a5 5 izl
Sutor 42 ] 35 0
Manhames 3 38 164 4
Speakess Comact Ik W0 % 7 Iz
Agenda ki (] (] 23
Brechure ] a7 38 281
Dimctions.
| Totat 2990 253 3736 2,364
VPNTF Warkshop (Indianapalis, IN; 0515008
Dawney 45 x* I i
Sentt L] &8 08 285
Welle &2 45 06 33
Hatcs m [ ] M
Geifin WE 6 ] 23
Karata % 215 160 455
Tutzhe "3 146 0 3T
Roben ar ki p11 208
dons Seclt ot e ERE]
Dvorak i) i} b "
Cummings ® n a2 15
Farkor T 6 m
Speakers Comact Ints 5 ar 55 155
Agends 43 = 6 158
Brachurs n 0 2 E1]
Directions -
Totnl 1918 4765 2,070 - 5753
VAWTF Workshop (Elkhart, IN: 05/21/08)
Dowmary 136 B 19 4
Kl 45 45 M 128
Totzka n 43 % 151
Veishan 75 a3 | 252
Bayor 5 47 a8 154
Speakers Comact Inks Ex] k) a1 130
42 n 1 Ll
Total a8 ara a80 n 1,345
Canteranza on Bia Enargy Praduction through
Anavrabic Digester Technalogies (Lansing, MI; 0171508)
Goudd W o Ll
Safermmn M8 15 6l 29
Guttica 54 48 an =]
Stanten 56 31 4z 13
Urkan [T (7] 152
sk 0o ox u o
Parkar 5 50 b 106
Feaung T & i 186
‘Agenda a7 T ] 216
Spaakes Hia [ (] 1
Flyst -
Toaal 11 e . 20z
Methane Recovery from Farm & Food Processing Woste
[Fichmarsd, IH; 057007}
\Westedield 53 o k) 13
alap £ ELd 48 ur
Cutlica 45 f2] 42 18
Ovomak 5 FiL 11 598
Larsen 4 B 3% 168
Mclionaks 5 45 ar HE
Snudgrass f IR | I 1] 3
Saum » » % {13]
g 4 3 45 126
Hamck 43 ] 32 12
Carsn & n n 15
Hay 45 B b7} 133
Aganda m W {11 3ok
Speakes Bios 43 1 3% 18
Fiyer a1 n a6 w7
Total 1001 86 670 . 2767
Viaste-to-Enorgy for the Ohlo Livestock
& Food Procesing Indisiries [Wosstes, OH; 013107)
Vdard a = 10 16
Eldes a5 0 3 116
Schanbaher B0 199 | 316 695
Cuthica ] » 5 153
Dvorak a7 4 ] 1]
Mosar ] x a5 s
ity &7 43 2] o]
Amald n » f7] wr
OlLoughin 43 k| 43 il
Haringer R ) 20
Fanpe £ = ar 135
Dreve 42 2 41 L
Eschmaysr 43 41 2 e
43 2 k] 10
Manhamis a1 ) kL nt
Zuber 45 33 4 127
Agands ol L] L %4
Fiyer 45 43 48 | 137
Speakees Bio L] o 42 o
Tetal 1,164 #6247 (] 3307
Waste .l Eswegy Workshop los Indiana's Farm,
Food Proceseing & Wood Industries
[Ingpar, B T2/T1/06) 5
Baok fr) = b2 0
Hrewn a7 » E ] 113
Corsa ] n 3 W08
Cuthica L » an wh
Hay 45 3 38 il
denas az x % "
MeGolden 2 % W "
Mager 4 n n (]
Foger 4 E ] < 116
Sitvert: ] 5 n u2
Shnchinkd 3 = n ar
] 52 72 02
Tietz &1 ™ n 1]
Toenges ] 3 iz 08
Walmsley L ah as 158
Speakers Comact Inbrmstion 45 '] 38 18
Agonda 40 4 4 i
Fiyer Hlw | = 101
Towal L2k T G = 2220

12



PROGRESS REPORT

=
Y | U.S. DEPARTMENT OF ENERGY

‘{ Midwest Clean Energy Application Center

-

Award Number:
DE-EE0001108

Award Recipient:
University of Illinois at Chicago

Principal Investigator:
John Cuttica, (312) 996-5620, cuttica@uic.edu
Cliff Haefke, (312) 355-3476, chaefkl@uic.edu

Reporting Period:
Fiscal Year 2010 — 3" Quarter
April 1, 2010 through June 30, 2010

Submission Date:
July 30, 2010

Submitted to:
U.S. DOE/NETL
Joseph Renk, (412) 386-6406, Joseph.Renk@NETL.DOE.GOV




Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

July 30, 2010
Dear Mr. Renk,

Please find the attached Progress Report for the 3 Quarter of Fiscal Year 2010
(FY2010.Q3) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $170,878.80 for FY2010.Q3:
e April 2010: $76,412.89
e May 2010:  $40,014.47
e June 2010:  $54,451.44

Below you will find a brief synopsis of our activities (deliverables and tasks) for Q2.10.
If you have any questions, please do not hesitate to contact John Cuttica (312-996-4382,
cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefkl@uic.edu).

Thank you,

John Cuttica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center



Deliverable: 1 Task: 1

Description: Updated Project Management Plan

Activity: The Midwest RAC discussed the Project Management Plan (PMP) with the
RAC Project Manager Joe Renk and understands the PMP is a working document and
can be updated throughout the year as the Midwest RAC sees their efforts alter focus. No
update to the PMP was submitted during FY2010.Q3.

Deliverable: 2 Task: 2

Description: Minimum 5 workshops/webinars

Q2.10 Activity:

e Target Market Workshops and Webinars: No target market workshops hosted
during Q2,10.

e Graduate Level CHP Course: The Midwest RAC completed teaching a Spring
2010 semester graduate course for the Energy Engineering Masters program at the
University of Illinois at Chicago titled “Combined Heat and Power, Design, and
Management.” The semester course began January 11" and concluded the week
of May 3"

0 Module 17 — Biogas CHP Applications (04/05/10)

0 Module 18 — Biomass CHP Applications (04/12/10)

0 Module 19 — Special Topics (04/19/10)

e Other Workshops/Conferences/Presentations:

o UIC East Campus Site Tour, April 12, 2010, Chicago, IL — the Midwest
RAC organized a joint site tour for the UIC Energy Engineering Masters
Students and the Student Interns of the UIC Industrial Assessment Center.

0 Midwest Cogeneration Association Board Meeting, April 15, 2010 —
conference call

o US DOE Clean Energy Application Centers, April 21, 2010, Chicago, IL -
the Midwest RAC presented at the “Illinois Save Energy Now (SEN)
Industrial Energy Efficiency Forum”

0 CHP Software Tool: Building Energy Analyzer (BEA), May 5, 2010,
Online Webinar — the Midwest RAC presented to the RAC Project
Assessment Working Group

o U.S Department of Energy Regional Application Centers, IDEA 101%
Annual Conference & Trade Show: Creating an Efficient Energy Future,
June 15, 2010, Indianapolis, IN — the Midwest RAC co-presented with
Ted Bronson (PEA)

0 How are the “Chicago Climate Action Plan” and other State Requlatory &
Policy Activities Impacting the Illinois DG / CHP Market Place? (MCA
Dinner Meeting), June 16, 2010, Oakbrook Terrace, IL — the Midwest
RAC coordinated the MCA Dinner Meeting (Dinner Meeting postponed to
undetermined date in August)

e Upcoming (or under consideration) Workshops/Conference :

U.S. DOE Midwest Clean Energy Application Center 3



0 Anaerobic Digester (AD) / CHP Workshop, Fall 2010, Eastern Illini
Service Territory (under consideration)

0 Ohio Policy Considerations for Combined Heat and Power Workshop,
Columbus, OH (Sept/Oct 2010)

o District Energy Webinar Series for 2" Tier Colleges/Universities
(tentatively scheduled for Nov. 2010)

0 Waste Heat Recovery for Power and Heat Workshop, September 29-30,
2010, Chicago, IL

o Combined Heat and Power Projects, Advancing Renewables in the
Midwest, July 15, 2010, Columbia, MO

o0 MAC will be presenting at the October 2010 BioCycle Conference in
lowa

Deliverable: 3 Task: 2

Description: All educational material developed and utilized in deliverable 2 posted on
the website

Activity: See the U.S. DOE Midwest Clean Energy Application Center website at
www.midwestcleanenergy.org.

Deliverable: 4 Task: 3

Description: 1 regulatory workshop

Activity:

e Target Policy States: The Midwest RAC has been heavily involved in developing
an action plan for the State of Ohio titled “State of Ohio Clean Energy Policy
Opportunity Document.” This activity has been a highlighted focus for the
Midwest RAC and several other RACs working closely with DOE during FY
2010. The Midwest RAC has been working with several individuals in the State
of Ohio forming an Ohio CHP Coalition to promote required policy changes to
open up the CHP market in Ohio. Weekly conference calls were begun in late
June.

e Requlatory Workshop:

o0 In conjunction with the State of Ohio policy activities, a workshop for the
Sept/Oct timeframe is being planned for the Columbus, Ohio area.

o0 A% day regulatory focused workshop is being coordinated in conjunction
with the Waste Heat to Power workshop that will be hosted in Chicago,
Illinois, in the September timeframe. The second day of this workshop
will be focused on the past, current, and future regulatory and policy
related activities impacting CHP and WHR technologies. This
workshop’s planning efforts are being coordinated with the Northwest
RAC, the Pacific RAC, and the Gulf Coast RAC.

o lllinois Electric Cooperatives: the Midwest RAC is working closely with
Association of Illinois Electric Cooperatives (AIEC) to promote AD/CHP
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in the State of Illinois and to identify the related barriers. A workshop is
being planned for the August/September timeframe for the Eastern Illini
Electric Cooperative service territory.
City of Oak Park: the Midwest RAC is waiting for information from the
City of Oak Park to begin preliminary studies for city buildings for CHP
feasibility as part of their future sustainability activities (including grid
infrastructure, smart grids, perfect power, and required policy changes to
accommodate Oak Park’s initiatives).
Galvin Electricity Initiative: the Midwest RAC is working with the Galvin
Electricity Initiative to identify favorable policy reforms for the Midwest
states. Illinois will most likely be the first state to target with the GTI.
Chicago Climate Action Plan — the Midwest RAC has continued to
support the CCAP in promoting CHP for the City of Chicago.
= The Midwest RAC attended planning meetings for the Chicago
Climate Action Plan.
= The Midwest RAC coordinated a dinner meeting and presentation
topic for the Midwest Cogeneration Association on June 16, 2010
to help educate the trade association’s membership on the Chicago
Climate Action Plan — How are the “Chicago Climate Action Plan”
and other State Regulatory & Policy Activities Impacting the
Illinois DG / CHP Market Place? (the dinner meeting was
rescheduled to an undetermined date in the Fall 2010)

o U.S. Clean Heat and Power Association (USCHPA) — the Midwest RAC

is serving on the board of directors for the USCHPA.

Deliverable: 5 Task: 4

Description: Incorporate district energy and waste heat recovery technology material
into the website.

Activity:

The Midwest RAC has been extensively working on the redevelopment of the
RAC websites during FY2010.Q3. Cliff Haefke is serving as co-chair with
Christine Brinker (Intermountain RAC) for the RAC Website and Logo Working
Group. The initiatives of the team are to create a new logo and graphic for the
RACs and to develop a coordinated effort in converting the RAC websites from
“CHP” to “clean energy.”

A prototype of the website (developed by the Gulf Coast RAC) was made
available for comment in May 2010.

The co-chairs have been meeting and discussing next steps. The Gulf Coast RAC
website should be finalized in August 2010. At this time, web files will be shared
with the other seven RACs.

Deliverable: 6 Task: 4
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Description: Provide semi-annual report on website activities, usage, and metrics.

Activity:
e Reporting on website activities, usage, and metrics has been completed on a
quarterly basis. Please see the Appendix for the FY2010.Q3 Midwest RAC
Website Traffic Report.

Deliverable: 7 Task: 4

Description: Develop a minimum of 9 project profiles.

Activity:
e Searchable Project Profile Database: the RAC Logo and Website Working Group
has been working with Energetics to develop a searchable database tool for the
DOE RAC website and the individual RAC websites.
o CIiff Haefke (Midwest RAC) and Christine Brinker (Intermountain RAC) will be
working with the RAC Website/Logo working group to develop the new Project
Profile template during FY2010.Q4.
e Project Profiles in development: four project profiles were in development during
FY2010.Q3:
o Caterpillar Aurora, Aurora, IL, 15 MW
Qualcomm, San Diego, CA, 11.4 MW
Northern Border Pipeline, North Dakota, 5.5 MW
Sietsema Farm Feeds, Howard City, MI, 500 kW
University of Missouri, Columbia, MO, 83.5 MW
CokeEnergy, East Chicago, IN, 94 MW
City Brewing Co., LaCrosse, WI, 633 kW
St. Paul Cogeneration Plant, St. Paul, MN, 32 MW

O O0OO0OO0OO0OO0O

Deliverable: 8 Task: 4
Description: Develop and launch at least 1 market sector page on the website.

Activity:
e See Activity #5 for a description of the website activity during FY2010.Q3.

Deliverable: 9 Task: 4
Description: Technical studies (topics TBD during the course of the year). Reports
posted on the website and provided as deliverable.

Activity:
e Technical Studies Completed
0 Michigan On-farm Anaerobic Digester Operator Handbook — the Midwest
RAC assisted in the development of Chapter 13 — Combined Heat and
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Power System management Utilizing Biogas. The handbook is only
available in hard copy format at this time.
e Technical Studies Under Development
o0 County-by-County Biogas Feedstock CHP Potential for the State of
Illinois (completion expected August 2010)
0 CHP Casebook for Food Processing Facilities (co-sponsored study with
Energy Center of Wisconsin)
0 An Analysis of Electricity Generated from Combined Heat and Power
Systems at Dry Grind Corn Ethanol Plants (White Paper)
e Four separate technical studies are being investigated and under consideration to
fund during FY 2010:
0 Lessons Learned for Biogas CHP Projects
o0 Energy Savings Partnership — Integration of an Ethanol Plant and Dairy
Farm Facility
0 Update to the 2005 CHP Resource Guide
0 CHP Policy and Regulatory Activities in the Midwest

Deliverable: 10 Task: 4

Description: Semi-annual reporting of changes in clean energy installations in the
Midwest to DOE database.

Activity: No activity during FY2010.Q3. Requests to the Midwest RAC partners will be
sent out to collect data when ICF International submits the formal request. This
information will then be forwarded on to Anne Hampson of ICF International to
incorporate into the DOE database.

Deliverable: 11 Task: 5

Description: Up to 10 technical site evaluations on an as required basis.

Activity:

e Harrison Steel, Attica, IN — the Midwest RAC has been collecting data and
information to provide a Level 1 Feasibility to investigate both CHP and waste
heat recovery opportunities. The Midwest RAC met with Harrison Steel staff and
toured the facility in February 2010.

e Gundersen Lutheran Hospital, Lacrosse, WI — the Midwest RAC was contacted
by Gundersen Lutheran to perform a Level 1 Analysis of a LFG/CHP project
during Q1.10. Gundersen Lutheran moved forward with an RFP in Q2.10 in
which the Midwest RAC assisted GL in writing the RFP and is in the process of
assisting GL in selecting a qualified engineering firm.

e Technical Assistance to Illinois Biogas CHP Projects: the Midwest RAC serves as
the technical resource arm for the Illinois DCEO (state energy office) on the
technologies of CHP. The UIC/ERC has leveraged funds with the IL DCEO to
serve as the contract manager for the Illinois Biogas CHP Program.
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0 Green Industry Business Development Program for Organic Waste
Processing Facility (partners: Gas Environmental, Global Water & Energy
(GW&E), Growing Power) — food waste processing, composting, and
AD/CHP to power greenhouses to grow more food product (1-2 MW)

0 Packer Engineering, gasifier (crop residue and corn stover) looking to site
CHP system (15 kW), Naperville, 1L

o0 Agricultural Watershed Institute, for a mobile biomass briquetter and
distribute biomass briquettes to other biomass CHP projects, partners
include John Deere, Packer Engineering, and Archer Daniels Midland

0 Fox Lake Wastewater Treatment Facility, for a 100 kW CHP project
utilizing biogas from the anaerobic digester that was otherwise being
wasted and flared.

o Parkland College, 25 kW CHP project on campus using biogas

The Midwest RAC has continued to maintain relations with and establish new
contacts with a number of Engineering Firms that involved in the Clean Energy
community in the Midwest region.

Future technical analyses for FY2010.Q4 include:

0 RenTech, Illinois

0 Gundersen Lutheran, Wisconsin (new hospital wing)

o Denison University, Ohio

0 Bell’s Brewery, Michigan

Midwest Cogeneration Association (MCA)

o CIiff Haefke of the Midwest RAC has been serving as Vice President of
the Midwest Cogeneration Association (MCA) in January 2010.

o0 John Cuttica participates in the MCA as a Board Member.

0 The Midwest RAC is assisting in the development of a newsletter for the
MCA members and cogeneration/CHP industry. Two issues were sent out
during FY2010.Q3 in the months of April and May.

0 The Midwest RAC staff attended one MCA Board meeting during
FY2010.Q3.

Deliverable: 12 Task: 5

Description: Provide clean energy technology support to Midwest IACs — one day
educational sessions.

Activity:

The Midwest RAC organized a site tour of a CHP plant for the University of
Ilinois at Chicago on April 12", 2010.

The Midwest RAC will be coordinating activities with the Midwest IACs to
attend the September 29-30, 2010 Waste Heat Recovery for Power and Heat
Workshop in Chicago, IL.

Deliverable: 13 Task: 6

U.S. DOE Midwest Clean Energy Application Center 8



Description: Quarterly status reports activities, deliverables, etc. in accordance with
NETL/DOE instructions.

Activity:
e The Quarterly Report was submitted to Joe Renk (DOE/NETL).

e See this quarterly report for FY2010.Q3.
e Also see Quarterly Website Report in the Appendix for Midwest RAC website

activities.

Deliverable: 14 Task: 6

Description: Support DOE metrics of Centers as required.

Activity: No activity during FY2010.Q3.
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The MAC Web Site Traffic Report: April through June 2010

Web site traffic during the period was about 366,000.hits’. Figures 1 and 2 show monthly
and annual traffic, respectively.

Cumulative traffic, since launching the Web site in April 2002, now is nearly 8 million hits
as shown in Figure 3.

Total number of PDF documents (project profiles, reports, and presentations etc.)
viewed/downloaded from the Web site during the period exceeded 181,900. Since
launching the Web site over 3.02 million PDF documents have been viewed /
downloaded from the Web site. Figures 4 and 5 show monthly and annual download
data, respectively of the PDF documents.

During the period, the number of distinct computers that logged on to the Web site at
least once during the period was as high as 7,300 per month as shown in Figure 6 and
average about 6,950.

Data transferred by the Web site visitors during the period was as high as 23.6
Gigabytes per month and totaled 66 Gigabytes as shown in Figure 7. Since launching
the Web site, over 1,152 Gigabytes of data have been transferred from the Web site as
shown in Figure 8.

Major documents and their number of copies viewed/downloaded are shown in Exhibits

1 and 2. These include the following:

- Project Profiles: Over 29,200 during the period (including over 13,600 of those
developed by other RACs) and over 57,100 YTD

- CHP Resource Guide: Over 11,700 during the period and over 21,400 YTD

- CHP Resource Guide for Hospitals (Published in March 2008): Over 4,800 during the
period and 13,100 YTD

- Illinois Permitting Guidebooks (Volumes A, B and Calculator: Over 1,200 during the
period and over 2,700 YTD

- Report on “Potential Use of IL Coal in Dry-Mill Ethanol Plants:” 150 during the period
and 435 YTD

- Report on “Energy Use in Future Dry-Mill Ethanol Plants:” Over 360 during the period
and over 880 YTD

- Report on “CHP Application in Ethanol Plants:” Over 160 during the period and over
310 YTD

- Presentations made at the Workshop on “Waste to Energy Workshop for the lllinois
Electric Cooperatives,” (held in Springfield, IL on October 20, 2009): Over 1,950.
during the period and over 5,100 YTD



Presentations made at the Workshop on “Waste-to-Energy Workshop,” (Held in
Wooster, OH on April 7, 2009): Over 6,400 during the period and over 15,800 YTD

Presentations made at the Workshop on “Energy Saving Opportunities for Wastewater
Treatment Facilities: Energy Efficiency and CHP,” (Held in Indianapolis, IN and
Elkhart, IN on May 19 and 21, 2008, respectively): Over 5,900 during the period and
over 13,000 YTD

Presentations made at the Workshop on “Bio-Energy Production through Anaerobic
Digester Technologies,” (Held in Lansing, Ml on January 15, 2008): Over 1,600
during the period and over 3,600 YTD

Presentations made at the Workshop on “Methane Recovery from Farm & Food
Processing Waste,” (Held in Richmond, IN on May 31, 2007): Over 2,500 during the
period and over 5,300 YTD

Presentations made at the Workshop on “Waste-to-Energy from the Ohio Livestock &
Food Processing Industries,” (Held in Wooster, OH on January 31, 2007): Over 2,800
during the period and 6,100 YTD

Presentations made at the Workshop on “Waste-to-Energy Workshop for Indiana’s
Farm, Food Processing and Wood Industries,” (Held in Jasper, IN on December 11,
2006): Over 2,400 during the period and 4,600 YTD

ALL Hits (Cannot determine the number of visitors that stayed on the Website for >5 minutes).
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Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

July 30, 2010

Dear Mr. Renk,

Please find the attached Progress Report for the 4™ Quarter of Fiscal Year 2010
(FY2010.Q4) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $170,878.80 for FY2010.Q$:
e July 2010: $20,424.04
e August 2010: $53,637.82
e September 2010: $19,759.95

The total amount invoiced for FY2010 equals $469,689.53.

e FY2010.Q1 $92,589.75
e FY2010.Q2 $112,399.17
e FY2010.Q3 $170,878.80
e FY2010:Q4 $93,821.81

Below you will find a brief synopsis of our activities (deliverables and tasks) for Q4.10.
If you have any questions, please do not hesitate to contact John Cuttica (312-996-4382,
cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefkl@uic.edu).

Thank you,

John Cuttica
CIliff Haefke

U.S. DOE Midwest Clean Energy Application Center



Deliverable: 1 Task: 1

Description: Updated Project Management Plan

Activity: No update to the PMP was submitted during FY2010.Q4.

Deliverable: 2 Task: 2

Description: Minimum 5 workshops/webinars

Q2.10 Activity:
e Target Market Workshops and Webinars:

0 Waste Heat Recovery for Power and Heat Workshop, September 28-30,
2010, Chicago, IL — the Midwest RAC was the lead RAC in organizing
this workshop with the Gulf Coast, Intermountain, and Pacific RACs.
115+ in attendance with prospective end-users representing 20-25% of the
total attending. More information on the workshop can be found at:
http://www.chpcentermw.org/wasteheat2010/index.html

e Other Workshops/Conferences/Presentations:

0 Combined Heat and Power: An Opportunity to be Explored and Exploited
in Missouri, July 15, 2010, Columbia, MO — the Midwest RAC presented
at the Advancing Renewables in the Midwest Conference.

o U.S. DOE Midwest Clean Energy Application Center, August 8, 2010,
Indiana — the Midwest RAC presented at the Indiana Save Energy Now
(SEN) Industrial Energy Efficiency Forum

0 CHP Technologies & Applicable Market Sectors, September 2, 2010,
Chicago, IL — the Midwest RAC provided a brown bag lunch presentation
to the Environmental Law & Policy Center (ELPC)

0 Federal Actions Impacting State Policies: EPA Greenhouse Gases
Tailoring Rule & Output-based Regulations, September 30, 2010,
Chicago, IL — the Midwest RAC presented at the Waste Heat Recovery for
Power and Heat Workshop

e Upcoming Workshops/Conferences/Presentations :

o District Energy and Combined Heat & Power: Increasing Energy
Efficiency and Cutting Carbon Emissions in Communities, Colleges and
Hospitals, November 18, 2010, St. Paul, Minnesota — Midwest RAC co-
sponsored / co-organized workshop with International District Energy
Association (IDEA) and Minnesota Office of Energy Security. More
information available at:
http://www.chpcentermw.org/minnesotaDECHP2010/index.html#agenda

0 Renewable Biogas Energy Projects for Swine Producers: Meeting
Permitting Requirements, Increasing Energy Efficiency, and Improving
Your Bottom Line, November 23, 2010, Ornega, IL — Midwest RAC co-
organized / co-sponsored workshop with Eastern Illini Electric
Cooperative, and Association of Illinois Electric Cooperatives (AIEC).

U.S. DOE Midwest Clean Energy Application Center 3



More information available at:
http://www.chpcentermw.org/easternillinibiogas2010/index.html#agenda

0 Ohio CHP/WHR Policy Workshop co-organized with Industrial Energy
Consumers of America (IECA), December 14, 2010, Columbus, OH.

0 Midwest RAC will be presenting to the Energy Committee of the Ohio
Manufacturing Association on November 3, 2010 in Columbus, OH
regarding CHP/WHR policy education.

o The Midwest RAC will be presenting two presentations at the 10™ Annual
BioCycle Conference in Des Moines, lowa on October 19, 2010.

= Evolution of Biogas CHP Industry: Gas Engines, Microturbines,
CHP System Evolution
= Biogas-to-Energy Potential in Illinois

0 The Midwest RAC will be presenting at the Anaerobic Digester Operator
Training Program in Lansing, Michigan on October 28, 2010. The
presentation will cover CHP System Management Utilizing Biogas, a
chapter of the Michigan On-farm Anaerobic Digester Operator Handbook,
in which the Midwest RAC helped co-author.

Deliverable: 3 Task: 2
Description: All educational material developed and utilized in deliverable 2 posted on
the website

Activity: See the U.S. DOE Midwest Clean Energy Application Center website at
www.midwestcleanenergy.org.

Deliverable: 4 Task: 3

Description: 1 regulatory workshop

Activity:
e RAC Policy Meetings: The Midwest RAC participated and presented at the
following RAC Policy Meetings focused on the Target Policy States:
o July 21, 2010
0 August 25, 2010
0 August 25, 2010
0 September 15, 2010

e Target Policy States: The Midwest RAC has been heavily involved in developing
an action plan for the State of Ohio titled “State of Ohio Clean Energy Policy
Opportunity Document.” This activity has been a highlighted focus for the
Midwest RAC and several other RACs working closely with DOE during FY
2010. The Midwest RAC has been working with several individuals in the State
of Ohio helping build an Ohio CHP/WHR Coalition to educate on needed policy
and regulatory reform for the CHP / WHR market in Ohio. Weekly conference

U.S. DOE Midwest Clean Energy Application Center 4



calls began in late June and seven (7) conference calls were conducted during
FY2010.Q4:

(0]

O O0O0OO00O0

Friday, July 9, 2010

Friday, July 16, 2010
Friday, July 23, 2010
Friday, July 30, 2010
Friday, August 20, 2010
Friday, September 3, 2010
Friday, September 17, 2010

e Other States: The Midwest RAC has been working with Renew Missouri
environmental group and the Missouri SEO in promoting CHP and WHR in
Missouri. The Midwest RAC presented at the Advancing Renewables in the
Midwest Conference in Columbus, Missouri with efforts to promoting CHP in the
State of Missouri.

e Requlatory Workshop:

o

Day 2 of the Midwest RAC sponsored Waste Heat Recovery for Power
and Heat Workshop targeted policy and regulatory activities impacting the
implementation of the Waste Heat Recovery projects.

In conjunction with the State of Ohio policy activities, the Midwest RAC
has been in conversation with the Industrial Energy Consumers of
America (IECA) during FY2010.Q4 to schedule and coordinate an
appropriate workshop targeting Ohio CHP/WHR policy and regulatory
activities. This workshop has been scheduled for December 14, 2010 in
Columbus, Ohio with the target audience being the Ohio industrials to
bring the coalition participants together that have been contacted on a one-
on-one basis during the past year. The goal will be to bring a unified front
to the Ohio industrial representatives when addressing policy and
regulatory reform.

e Other Activities:

o

U.S. DOE Midwest Clean Energy Application Center

State Energy Efficiency Action Network (SEE Action): the Midwest RAC
has been serving on the Industrial and CHP sub-committee identifying the
strategies to better meet DOE’s overall energy goals within the industrial
and CHP market sectors. The Midwest RAC participated on two
conference calls during FY2010.Q4.

Illinois Electric Cooperatives: the Midwest RAC is working closely with
Association of Illinois Electric Cooperatives (AIEC) to promote AD/CHP
in the State of Illinois through the Illinois electric cooperatives and to
identify the related barriers. A hog dister CHP workshop is being planned
for the service territory of the Eastern Illini Electric Cooperative for
November 23, 2010.

Chicago Climate Action Plan (CCAP) — the CCAP began its
implementation in September 2010. The Midwest RAC played a key role
in the integration of CHP and WHR into the plan. CHP and WHR




represent the largest contributor of all energy efficiency and renewable
energy measures in the plan. The Midwest RAC will be assisting the City
of Chicago in the education and promotion of these clean energy
technologies.

o lllinois State EEPS Program: the Midwest RAC presented the role of CHP
to the Illinois Department of Commerce and Economic Opportuntiy
(DCEO) for the state technology breakthrough program during
FY2010.Q4.

0 U.S. Clean Heat and Power Association (USCHPA) — the Midwest RAC
is serving on the board of directors for the USCHPA.

Deliverable: 5 Task: 4
Description: Incorporate district energy and waste heat recovery technology material
into the website.

Activity:

e The Midwest RAC has been working on the redevelopment of the RAC websites
during FY2010.Q4. CIiff Haefke is serving as co-chair with Christine Brinker
(Intermountain RAC) for the RAC Website and Logo Working Group. The
current initiative of the team is to develop a coordinated effort in converting the
RAC websites from “CHP” to “clean energy.”

e The RAC websites (developed by the Gulf Coast RAC and the Intermountain
RAC) were finalized and distributed amongst the RAC Directors and RAC Web
Developers in August. Christine Brinker (IM), Ross Tomlin (IM), and Cliff
Haefke (MW) will be working with the RAC Directors and RAC web developers
in implementing all eight RAC websites during FY2011.Q1.

Deliverable: 6 Task: 4

Description: Provide semi-annual report on website activities, usage, and metrics.

Activity:
e Reporting on website activities, usage, and metrics has been completed on a

quarterly basis. Please see the Appendix for the FY2010.Q4 Midwest RAC
Website Traffic Report.

Website Highlights:

e Web site traffic during the period was over 354,700 hits.

e Cumulative traffic, since launching the Web site in April 2002, now exceeds 8.3
million hits.

e Total number of PDF documents (project profiles, reports, and presentations etc.)
viewed/downloaded from the Web site during the period exceeded 149,000.
Since launching the Web site over 3.17 million PDF documents have been viewed
/ downloaded from the Web site.

U.S. DOE Midwest Clean Energy Application Center 6



e During FY2010.Q4, the number of distinct computers that logged on to the Web
site at least once during the period was as high as 6,900 per month and averaged
over 6,700.

e Data transferred by the Web site visitors during the period was as high as 23
Gigabytes per month and totaled 63 Gigabytes. Since launching the Web site,
over 1,250 Gigabytes of data have been transferred from the Web site.

Deliverable: 7 Task: 4
Description: Develop a minimum of 9 project profiles.

Activity:

e Searchable Project Profile Database: the RAC Logo and Website Working Group
has been working with Energetics to develop a searchable database tool for the
DOE RAC website and the individual RAC websites (expected website launch in
December 2010)

o CIiff Haefke (Midwest RAC) and Christine Brinker (Intermountain RAC)
have been working with the RAC Website/Logo working group to develop
the new Project Profile template during FY2010.Q4. The RAC Website
and Logo Working group developed and finalized a template for Project
Profiles which was completed July 2010 and is available on the RAC
Sharepoint site.

e Project Profiles in development: eight project profiles were in development during
FY2010.Q4:
o Caterpillar Aurora, Aurora, IL, 15 MW
Qualcomm, San Diego, CA, 11.4 MW
Northern Border Pipeline, North Dakota, 5.5 MW
Sietsema Farm Feeds, Howard City, MI, 500 kW
University of Missouri, Columbia, MO, 83.5 MW
CokeEnergy, East Chicago, IN, 94 MW
City Brewing Co., LaCrosse, WI, 633 kW
St. Paul Cogeneration Plant, St. Paul, MN, 32 MW

O O0OO0O0O00O0

Deliverable: 8 Task: 4
Description: Develop and launch at least 1 market sector page on the website.

Activity:
e See Activity #5 for a description of the website activity during FY2010.Q4.

Deliverable: 9 Task: 4

Description: Technical studies (topics TBD during the course of the year). Reports
posted on the website and provided as deliverable.

U.S. DOE Midwest Clean Energy Application Center 7



Activity:
e Technical Studies Under Development
o0 County-by-County Biogas Feedstock CHP Potential for the State of
Illinois (completion expected FY2011.Q1). A presentation of this analysis
will be given by the Midwest RAC at the Annual BioCycle Conference in
lowa during the month of October 2010.
0 CHP Casebook for Food Processing Facilities (co-sponsored study with
Energy Center of Wisconsin with completion expected in December 2010)
0 An Analysis of Electricity Generated from Combined Heat and Power
Systems at Dry Grind Corn Ethanol Plants (White Paper)
0 Ohio CHP Utility Barriers (in conjunction with the Target Policy States)
e Three additional technical studies are being investigated and under consideration
to fund during FY 2011:
o0 Energy Savings Partnership — Integration of an Ethanol Plant and Dairy
Farm Facility
0 Update to the 2005 CHP Resource Guide
0 CHP Policy and Regulatory Activities in the Midwest

Deliverable: 10 Task: 4

Description: Semi-annual reporting of changes in clean energy installations in the
Midwest to DOE database.

Activity: The Midwest RAC has been collecting installation data and information for
ICF International during FY2010.Q4.

Deliverable: 11 Task: 5

Description: Up to 10 technical site evaluations on an as required basis.

Activity:

e Harrison Steel, Attica, IN — the Midwest RAC completed a Level 1 Feasibility to
investigate both CHP and waste heat recovery opportunities. The Midwest RAC
presented the results in July to Harrison Steel personnel. Harrison Steel staff
attended the Midwest RAC sponsored Waste Heat Recovery workshop in Chicago
in September.

e Gundersen Lutheran Hospital, Lacrosse, WI — the Midwest RAC was contacted
by Gundersen Lutheran to perform a Level 1 Analysis of a LFG/CHP project
during FY2010Q2.10. Gundersen Lutheran moved forward with an RFP in
FY201.Q3 in which the Midwest RAC assisted GL in writing the RFP and is in
the process of assisting GL in selecting a qualified engineering firm. The
Midwest RAC reviewed the submitted proposals from the project bidders and
served as a technical reviewer in FY2010.Q4 to Gundersen Lutheren in the
selection process. Construction is to begin before December 31, 2010.

U.S. DOE Midwest Clean Energy Application Center 8



e Gudersen Lutheran Hospital, Lacrosse, WI (Phase 11) — the Midwest RAC is
assisting GL in analyzing CHP for a future hospital expansion, in particular,
identifying whether or not, CHP is technical feasible and in addition if the natural
gas-fired CHP system can serve as the emergency backup generation to the
hospital (similar to the Beloit Memorial Hospital CHP application).

e Bell’s Brewery, Galesburg, MI — the Midwest RAC is performing a Level 1 CHP
analysis for a natural gas-fired CHP system.

e Continental Plaza Office Building, Columbus, OH — the Midwest RAC is
performing a Level 1 CHP analysis for a natural gas-fired CHP system as part of a
larger Energy Efficiency audit.

e Denison University, Granville, OH — the Midwest RAC is performing a Level 1
CHP analysis as a replacement to their current coal-fired boiler.

e Technical Assistance to Illinois Biogas CHP Projects: the Midwest RAC serves as
the technical resource arm for the Illinois DCEO (state energy office) on the
technologies of CHP. The UIC/ERC has leveraged funds with the IL DCEO to
serve as the contract manager for the Illinois Biogas CHP Program.

0 Green Industry Business Development Program for Organic Waste
Processing Facility (partners: Gas Environmental, Global Water & Energy
(GW&E), Growing Power) — food waste processing, composting, and
AD/CHP to power greenhouses to grow more food product (1-2 MW)

o Packer Engineering, gasifier (crop residue and corn stover) looking to site
CHP system (15 kW), Naperville, IL

o Agricultural Watershed Institute, for a mobile biomass briquetter and
distribute biomass briquettes to other biomass CHP projects, partners
include John Deere, Packer Engineering, and Archer Daniels Midland

0 Fox Lake Wastewater Treatment Facility, for a 100 kW CHP project
utilizing biogas from the anaerobic digester that was otherwise being
wasted and flared.

o Parkland College, 25 kW CHP project on campus using biogas

e The Midwest RAC has continued to maintain relations with and establish new
contacts with a number of Engineering Firms that involved in the Clean Energy
community in the Midwest region.

e Midwest Cogeneration Association (MCA)

o CIiff Haefke of the Midwest RAC has been serving as Vice President of
the Midwest Cogeneration Association (MCA) since January 2010.

o0 John Culttica participates in the MCA as a Board Member.

0 The Midwest RAC staff attended one MCA Board meeting during
FY2010.Q4 and attended the Annual MCA Meeting.

U.S. DOE Midwest Clean Energy Application Center 9



Deliverable: 12 Task: 5

Description: Provide clean energy technology support to Midwest IACs — one day
educational sessions.

Activity:

e The Midwest RAC extended invitations to the Midwest IACs to the Waste Heat
Recovery for Power and Heat Workshop in September in Chicago to provide
training on the concepts of waste heat recovery in industrial facilities. Assistance
for travel/lodging accommodations was also personally extended to each of the
sixe RACs.

e The Midwest RAC will be assembling and mailing the presentation materials and
tools from the Waste Heat Recovery workshop to be used as training manuals for
the Midwest IACs during FY2011.Q1.

Deliverable: 13 Task: 6

Description: Quarterly status reports activities, deliverables, etc. in accordance with
NETL/DOE instructions.

Activity:
e The Quarterly Report was submitted to Joe Renk (DOE/NETL).
e See this quarterly report for FY2010.Q4.
e Also see Quarterly Website Report in the Appendix for Midwest RAC website
activities.

Deliverable: 14 Task: 6

Description: Support DOE metrics of Centers as required.

Activity: No activity during FY2010.Q4.

U.S. DOE Midwest Clean Energy Application Center 10
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The MAC Web Site Traffic Report: July through September 2010

Web site traffic during the period was over 354,700.hits*. Figures 1 and 2 show monthly
and annual traffic, respectively.

Cumulative traffic, since launching the Web site in April 2002, now exceeds 8.3 million
hits as shown in Figure 3.

Total number of PDF documents (project profiles, reports, and presentations etc.)
viewed/downloaded from the Web site during the period exceeded 149,000. Since
launching the Web site over 3.17 million PDF documents have been viewed /
downloaded from the Web site. Figures 4 and 5 show monthly and annual download
data, respectively of the PDF documents.

During the period, the number of distinct computers that logged on to the Web site at
least once during the period was as high as 6,900 per month as shown in Figure 6 and
average over 6,700.

Data transferred by the Web site visitors during the period was as high as 23 Gigabytes
per month and totaled 63 Gigabytes as shown in Figure 7. Since launching the Web site,
over 1,250 Gigabytes of data have been transferred from the Web site as shown in
Figure 8.

Major documents and their number of copies viewed/downloaded are shown in Exhibits
1 and 2. These include the following:

- Project Profiles: Over 25,140 during the period (including over 11,800 of those
developed by other RACs) and over 82,300 YTD (including over 38,900 of those
developed by other RACs)

- CHP Resource Guide: Over 9,690 during the period and 31,100 YTD

- CHP Resource Guide for Hospitals (Published in March 2008): Over 1,520 during the
period and over 14,600 YTD

- lllinois Permitting Guidebooks (Volumes A, B and Calculator: Nearly 1,100 during the
period and over 3,800 YTD

- Report on “Potential Use of IL Coal in Dry-Mill Ethanol Plants:” Over 110 during the
period and over 540 YTD

- Report on “Energy Use in Future Dry-Mill Ethanol Plants:” Over 410 during the period
and over 1,300 YTD

- Report on “Global Warming Impact of Corn Ethanol Plants:” Over 310 during the period
and over 1,180 YTD

- Report on “CHP Application in Ethanol Plants:” Over 120 during the period and over
430 YTD.



- Presentations made at the “Waste to Energy Workshop for the lllinois Electric
Cooperatives,” (Held in Springfield, IL on October 20, 2009): Over 1,550 during the
period and over 6,660 YTD

- Presentations made at the “Waste-to-Energy Workshop,” (Held in Wooster, OH on April
7, 2009): Over 5,030 during the period and over 20,800 YTD

- Presentations made at the Workshop on “Energy Saving Opportunities for Wastewater
Treatment Facilities: Energy Efficiency and CHP,” (Held in Indianapolis, IN and
Elkhart, IN on May 19 and 21, 2008, respectively): Over 6,120 during the period and
19,100 YTD

- Presentations made at the Workshop on “Bio-Energy Production through Anaerobic
Digester Technologies,” (Held in Lansing, Ml on January 15, 2008): Over 1,540
during the period and over 5,170 YTD

- Presentations made at the Workshop on “Methane Recovery from Farm & Food
Processing Waste,” (Held in Richmond, IN on May 31, 2007): Over 2,800. during the
period and 8,100 YTD

- Presentations made at the Workshop on “Waste-to-Energy from the Ohio Livestock &
Food Processing Industries,” (Held in Wooster, OH on January 31, 2007): Over 2,510
during the period and over 8,680.YTD

- Presentations made at the Workshop on “Waste-to-Energy Workshop for Indiana’s
Farm, Food Processing and Wood Industries,” (Held in Jasper, IN on December 11,
2006): Over 1,940 during the period and 6,600 YTD

1. ALL Hits (Cannot determine the number of visitors that stayed on the Website for >5 minutes).
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Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

January 31, 2010
Dear Mr. Renk,

Please find the attached Progress Report for the 1% Quarter of Fiscal Year 2011
(FY2011.Q1) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $117,268.36 for FY2011.Q1.:
e October 2010: $52,855.26
e November 2010: $21,775.02
e December 2010: $42,638.08

Below you will find a brief synopsis of our activities (deliverables and tasks) for Q1.11.
If you have any questions, please do not hesitate to contact John Cuttica (312-996-4382,
cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefkl@uic.edu).

Thank you,

John Cuttica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center



Deliverable: 1 Task: 1

Description: Updated Project Management Plan

Activity: No update to the PMP was submitted during FY2011.Q1.

Deliverable: 2 Task: 2
Description: Minimum 5 workshops/webinars

Q1.11 Activity:
e Target Market Workshops and Webinars:

0 Renewable Biogas Energy Projects for Swine Producers: Meeting
Permitting Requirements, Increasing Energy Efficiency, and Improving
Your Bottom Line, November 23, 2010, Onarga, IL — the Midwest RAC
co-hosted and co-sponsored a target market workshop for hog farmers and
rural electric cooperatives. Over 50% of attendees were target market end
users. More info on the workshop can be found at:
http://www.chpcentermw.org/11-01 news.html#2010nov23

o District Energy and Combined Heat & Power: Increasing Energy
Efficiency and Cutting Carbon Emissions in Communities, Colleges and
Hospitals, November 18, 2010, St. Paul, MN — the Midwest RAC co-
hosted and co-sponsored a target market CHP/DE workshop for hospitals,
colleges, and communities with IDEA and the MN State Energy Office
(nearly 100 in attendance). More info on the workshop can be found at:
http://www.chpcentermw.org/11-01 news.html#2010nov18

e Other Workshops/Conferences/Presentations:

o Clean Energy State Policy Panel, October 6, 2010, Washington DC — the
Midwest RAC moderated a panel discussion on state policy at the Annual
USCHPA Conference

o Evolution of Biogas CHP Industry: Gas Engines, Microturbines, CHP
System Evolution, October 19, 2010, Des Moines, lowa — the Midwest
presented at the 10th Annual BioCycle Conference.

o0 Biogas-to-Energy Potential in Illinois, October 19, 2010, Des Moines,
lowa — the Midwest presented at the 10th Annual BioCycle Conference.

o Michigan On-farm Anaerobic Digester Operator Handbook — Chapter 13:
Combined Heat and Power System Management utilizing Biogas, October
28, 2010, Lansing Michigan — the Midwest RAC presented at Anaerobic
Digester Operator Training Program.

o0 Combined Heat and Power (CHP) Waste Heat Recovery (WHR) Building
a Coalition, November 9, 2010, Conference Call — the MAC presented to
the Ohio Manufacturers Association

0 Combined Heat and Power (CHP): Concepts & Technologies, November
18, 2010, St. Paul, MN — the MAC presented at the District Energy and
CHP: Increasing Energy Efficiency and Cutting Carbon Emissions in
Communities, Colleges, and Hospitals

U.S. DOE Midwest Clean Energy Application Center 3



0 Next Steps: How can the RAC assist?, November 18, 2010, St. Paul, MN
—the MAC presented at the District Energy and CHP: Increasing Energy
Efficiency and Cutting Carbon Emissions in Communities, Colleges, and
Hospitals

0 Anaerobic Digestion and Biogas Recovery Concepts and Technolgoies
Overview, November 23, 2010, Onarga, IL — the MAC presented at
“Renewable Biogas Energy Projects for Swine Producers: Meeting
Permitting Requirements, Increasing Energy Efficiency, and Improving
Your Bottom Line”

0 Role of DOE Clean Energy Application Centers, December 14, 2010,
Columbia, MO - the Midwest RAC presented at the Ohio Manufacturing
Competitiveness Workshop: “The Role of Combined Heat & Power and
Waste Heat to Energy”

o llinois CHP Potential, December 14, 2010, Springfield, Illinois — the
Midwest RAC presented at the Illinois Energy Assurance Planning
Workshop.

0 Anaerobic Digesters and Combined Heat & Power (AD/CHP), December
16, 2010, Wheaton, IL — the Midwest RAC presented at the Exploring
Waste-to-Energy Technologies Seminar (Halfmoon Seminars)

0 Missouri Combined Heat and Power (CHP), December 16, 2010,
Columbia, MO - the MAC presented at the Interconnection Symposium:
Creating Strong Interconnection Standards in the 2011 Legislature

e Booth Displays:
o Annual USCHPA Conference
o District Energy and CHP: Increasing Energy Efficiency and Cutting
Carbon Emissions in Communities, Colleges, and Hospitals
0 Renewable Biogas Energy Projects for Swine Producers: Meeting
Permitting Requirements, Increasing Energy Efficiency, and Improving
Your Bottom Line

Deliverable: 3 Task: 2

Description: All educational material developed and utilized in Deliverable 2 posted on
the website

Activity: See the U.S. DOE Midwest Clean Energy Application Center website at
www.midwestcleanenergy.org.

Deliverable: 4 Task: 3

Description: 1 regulatory workshop
Activity:

e Requlatory/Policy Workshop:

U.S. DOE Midwest Clean Energy Application Center 4



0 In conjunction with the State of Ohio policy activities, the Midwest RAC
was the co-sponsor for December 14™ workshop hosted by the Industrial
Energy Consumers of America (IECA) in Columbus, Ohio. The MAC
worked very closely with IECA to develop the program, agenda, and
recruit the target audience of Ohio industrials.

0 The presentations are available at the IECA website. The presentations
will be made available shortly on the Midwest RAC website.

0 The Midwest RAC will be providing a follow-up conference call to assist
in the organization of a OH CHP Coalition/Initiative during FY2011.Q2.

e RAC Policy Meetings: The Midwest RAC participated and presented at the
following RAC Policy Meetings focused on the Target Policy States:
0 October 20, 2010
o November 19, 2010
0 December 15, 2010

e Target Policy States: The Midwest RAC has been heavily involved in developing
an action plan for the State of Ohio titled “State of Ohio Clean Energy Policy
Opportunity Document.” This activity has been a highlighted focus for the
Midwest RAC and several other RACs working closely with DOE during FY
2010. The Midwest RAC has been working with several individuals in the State
of Ohio helping build an Ohio CHP/WHR Coalition to educate on needed policy
and regulatory reform for the CHP / WHR market in Ohio. Four (4) conference
calls were conducted during FY2011.Q1.:

0 October 15, 2010
o November 5, 2010
0 December 6, 2010
o December 22, 2010

e Other States: The Midwest RAC has been working with Renew Missouri
environmental group and the Missouri SEO in promoting CHP and WHR in
Missouri. The Midwest RAC presented at the Interconnection Symposium:
Creating Strong Interconnection Standards in the 2011 Legislature in Columbus,
Missouri with efforts to promoting CHP in the State of Missouri.

e Other Activities:

o State Energy Efficiency Action Network (SEE Action): the Midwest RAC
has been serving on the Industrial and CHP sub-committee identifying the
strategies to better meet DOE’s overall energy goals within the industrial
and CHP market sectors.

o llinois Electric Cooperatives: the Midwest RAC is working closely with
Association of Illinois Electric Cooperatives (AIEC) to promote AD/CHP
in the State of Illinois through the Illinois electric cooperatives and to
identify the related barriers.

0 U.S. Clean Heat and Power Association (USCHPA) — the Midwest RAC
serves on the board of directors for the USCHPA.

U.S. DOE Midwest Clean Energy Application Center 5



o Midwest Cogeneration Association (MCA) — the Midwest RAC serves on
the board of directors for the MAC.

Deliverable: 5 Task: 4

Description: Incorporate district energy and waste heat recovery technology material
into the website.

Activity:

e The Midwest RAC has been working on the redevelopment of the RAC websites
during FY2011.Q1. CIiff Haefke serves as co-chair with Christine Brinker
(Intermountain RAC) for the RAC Website and Logo Working Group. The
current initiative of the team is to develop a coordinated effort in converting the
RAC websites from “CHP” to “clean energy.” All 8 RACs now have updated
“clean energy” websites.

e The Intermountain RAC developed templates for RAC documents (i.e. reports,
presentations, etc.) in which the RACs provided comments on.

Deliverable: 6 Task: 4

Description: Provide semi-annual report on website activities, usage, and metrics.

Activity:
e Reporting on website activities, usage, and metrics has been completed on a
quarterly basis. Please see the Appendix for the FY2011.Q1 Midwest RAC
Website Traffic Report.

Website Highlights:

e Web site traffic during the period was over 410,800 hits.

e Cumulative traffic, since launching the Web site in April 2002, now exceeds 8.73
million hits.

e Total number of PDF documents (project profiles, reports, and presentations etc.)
viewed/downloaded from the Web site during the period exceeded 196,600.
Since launching the Web site over 3.36 million PDF documents have been viewed
/ downloaded from the Web site.

e During FY2011.Q1, the number of distinct computers that logged on to the Web
site at least once during the period was as high as 7,040 per month and averaged
over 6,620.

e Data transferred by the Web site visitors during the period was as high as 26
Gigabytes per month and totaled 76 Gigabytes. Since launching the Web site,
over 1,325 Gigabytes of data have been transferred from the Web site.

U.S. DOE Midwest Clean Energy Application Center 6



Deliverable: 7 Task: 4

Description: Develop a minimum of 9 project profiles.

Activity:
e Searchable Project Profile Database: the RAC Logo and Website Working Group
have been working with Energetics to develop a searchable database tool for the
DOE RAC website and the individual RAC websites (expected website launch in
December 2010)

e Project Profiles in development: eight project profiles were in development during
FY2011.Q1:
0 Northern Border Pipeline, North Dakota, 5.5 MW
Sietsema Farm Feeds, Howard City, MI, 500 kW
University of Missouri, Columbia, MO, 83.5 MW
CokeEnergy, East Chicago, IN, 94 MW
City Brewing Co., LaCrosse, WI, 633 kW
St. Paul Cogeneration Plant, St. Paul, MN, 32 MW

O O0O0OO0O0

Deliverable: 8 Task: 4

Description: Develop and launch at least 1 market sector page on the website.

Activity:
e See Activity #5 for a description of the website activity during FY2011.Q1.

Deliverable: 9 Task: 4

Description: Technical studies (topics TBD during the course of the year). Reports
posted on the website and provided as deliverable.

Activity:
e Technical Studies Under Development

o0 County-by-County Biogas Feedstock CHP Potential for the State of
Illinois (completion expected FY2011.Q1). A presentation of this analysis
was given by the Midwest RAC at the Annual BioCycle Conference in
Des Moines, lowa on October 19, 2010.

0 CHP Casebook for Food Processing Facilities (co-sponsored study with
Energy Center of Wisconsin). To be completed and published in
FY2011.Q2.

0 Ohio CHP Utility Barriers (in conjunction with the Target Policy States).
To be published FY2011.Q2.

e Three additional technical studies are being investigated and under consideration
to fund during FY 2011:

o Energy Savings Partnership — Integration of an Ethanol Plant and Dairy

Farm Facility

U.S. DOE Midwest Clean Energy Application Center 7



0 Update to the 2005 CHP Resource Guide
0 CHP Policy and Regulatory Activities in the Midwest

Deliverable: 10 Task: 4

Description: Semi-annual reporting of changes in clean energy installations in the
Midwest to DOE database.

Activity: The Midwest RAC has been collecting installation data and information for
ICF International during FY2011.Q1.

Deliverable: 11 Task: 5

Description: Up to 10 technical site evaluations on an as required basis.

Activity:

e Gundersen Lutheran Hospital, Lacrosse, WI (Phase I1) — the Midwest RAC is
assisting GL in analyzing CHP for a future hospital expansion, in particular,
identifying whether or not, CHP is technical feasible and in addition if the natural
gas-fired CHP system can serve as the emergency backup generation to the
hospital (similar to the Beloit Memorial Hospital CHP application).

e Bell’s Brewery, Galesburg, Ml — the Midwest RAC performed a Level 1 CHP
analysis for a natural gas-fired CHP system.

e Continental Plaza Office Building, Columbus, OH - the Midwest RAC performed
a Level 1 CHP analysis for a natural gas-fired CHP system (part of a larger
Energy Efficiency audit).

e Denison University, Granville, OH — the Midwest RAC is performing a Level 1
CHP analysis as a replacement to their current coal-fired boiler.

e Turano Bakery, Chicago, IL —the Midwest RAC was contacted by Turano Bakery
to investigate WHR project opportunities.

e Clow Water Systems, Coshocton, OH - the Midwest RAC was contacted by Clow
Water Systems to investigate WHR opportunities.

e Rentech, Inc., East Dubuque, IL — the Midwest RAC was contacted by Rentech to
investigate CHP opportunities.

e [lllinois State University, Normal, IL — the Midwest RAC was contacted by ISU to
investigate AD/CHP opportunities.

e Technical Assistance to Illinois Biogas CHP Projects: the Midwest RAC serves as
the technical resource arm for the Illinois DCEO (state energy office) on the
technologies of CHP. The UIC/ERC has leveraged funds with the IL DCEO to
serve as the contract manager for the Illinois Biogas CHP Program.

0 Green Industry Business Development Program for Organic Waste
Processing Facility (partners: Gas Environmental, Global Water & Energy
(GW&E), Growing Power) — food waste processing, composting, and
AD/CHP to power greenhouses to grow more food product (1-2 MW)

U.S. DOE Midwest Clean Energy Application Center 8



0 Packer Engineering, gasifier (crop residue and corn stover) looking to site
CHP system (15 kW), Naperville, 1L
o0 Agricultural Watershed Institute, for a mobile biomass briquetter and
distribute biomass briquettes to other biomass CHP projects, partners
include John Deere, Packer Engineering, and Archer Daniels Midland
0 Fox Lake Wastewater Treatment Facility, for a 100 kW CHP project
utilizing biogas from the anaerobic digester that was otherwise being
wasted and flared.
o Parkland College, 25 kW CHP project on campus using biogas
e The Midwest RAC has continued to maintain relations with and establish new
contacts with a number of Engineering Firms that involved in the Clean Energy
community in the Midwest region.
e Midwest Cogeneration Association (MCA)
o CIiff Haefke of the Midwest RAC has been serving as Vice President of
the Midwest Cogeneration Association (MCA) since January 2010.
o0 John Culttica participates in the MCA as a Board Member.
0 The Midwest RAC staff attended two MCA Board meetings during

FY2011.Q1.
Deliverable: 12 Task: 5

Description: Provide clean energy technology support to Midwest IACs — one day
educational sessions.

Activity:
e The Midwest RAC assembled Training Manuals for the six (6) Midwest IACs to
assist them with future waste heat recovery future energy audits. These training
manuals will be mailed in FY2011.Q2.

Deliverable: 13 Task: 6

Description: Quarterly status reports activities, deliverables, etc. in accordance with
NETL/DOE instructions.

Activity:
e The Quarterly Report was submitted to Joe Renk (DOE/NETL).
e See this quarterly report for FY2011.Q1.
e See Quarterly Website Report in the Appendix for Midwest RAC website

activities.
Deliverable: 14 Task: 6

Description: Support DOE metrics of Centers as required.

Activity: The FY2010 RAC Metrics will be completed in FY2011.Q2.
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The MAC Web Site Traffic Report: October through December 2010

Web site traffic during the period was over 410,800.hits*. Figures 1 and 2 show monthly
and annual traffic, respectively.

Cumulative traffic, since launching the Web site in April 2002, now exceeds 8.73 million
hits as shown in Figure 3.

Total number of PDF documents (project profiles, reports, and presentations etc.)
viewed/downloaded from the Web site during the period exceeded 196,600. Since
launching the Web site over 3.36 million PDF documents have been viewed /
downloaded from the Web site. Figures 4 and 5 show monthly and annual download
data, respectively of the PDF documents.

During the period, the number of distinct computers that logged on to the Web site at
least once during the period was as high as 7,040 per month as shown in Figure 6 and
average over 6,620.

Data transferred by the Web site visitors during the period was as high as 26 Gigabytes
per month and totaled 76 Gigabytes as shown in Figure 7. Since launching the Web site,
over 1,325 Gigabytes of data have been transferred from the Web site as shown in
Figure 8.

Major documents and their number of copies viewed/downloaded are shown in Exhibits
1 and 2. These include the following:

- Project Profiles: Nearly 20,900 during the period (including over 9,400 of those
developed by other RACSs)

- CHP Resource Guide: Over 9,600 during the period and over 40,800 YTD

- CHP Resource Guide for Hospitals (Published in March 2008): Over 3,170 during the
period and 17,800 YTD

- lllinois Permitting Guidebooks (Volumes A, B and Calculator: Over 1,100 during the
period and over 4,900 YTD

- Report on “Potential Use of IL Coal in Dry-Mill Ethanol Plants:” 217 during the period
and over 760 YTD

- Report on “Energy Use in Future Dry-Mill Ethanol Plants:” 375 during the period and
over 1,670 YTD

- Report on “CHP Application in Ethanol Plants:” 52 during the period and 490 YTD

- Presentations made at the Workshop on “Renewable Bioenergy Projects for Swine
Producers: Meeting Permitting Requirements, Increasing Energy Efficiency and
Improving Your Bottom Line” (Held in Onagra, IL on November 23, 2010): Nearly
3,400 during the period and 3,400 YTD



Presentations made at the Workshop on “District Energy and Combined Heat &
Power: Increasing Efficiency and Cutting Carbon Emissions in Communities, Colleges
and Hospitals” (Held in St. Paul, MN on November 18, 2010): Over 2,740 during the
period and 2,740 YTD

Presentations made at the Workshop on “Waste Heat Recovery for Electricity and
Heat” (Held in Chicago, IL on September 29-30, 2010): Over 23,800 during the period
and 23,800. YTD

Presentations made at the Workshop on “Waste to Energy Workshop for the lllinois
Electric Cooperatives” (Held in Springfield, IL on October 20, 2009): Over 2,700 during
the period and over 9,300 YTD

Presentations made at the Workshop on “Waste-to-Energy Workshop” (Held in
Wooster, OH on April 7, 2009) Over 6,600 during the period and over 27,500 YTD

Presentations made at the Workshop on “Energy Saving Opportunities for Wastewater
Treatment Facilities: Energy Efficiency and CHP,” (Held in Indianapolis, IN and
Elkhart, IN on May 19 and 21, 2008, respectively): Over 6,300 during the period and
25,400 YTD

Presentations made at the Workshop on “Bio-Energy Production through Anaerobic
Digester Technologies,” (Held in Lansing, Ml on January 15, 2008): Over 2,000
during the period and nearly 7,200 YTD

Presentations made at the Workshop on “Methane Recovery from Farm & Food
Processing Waste,” (Held in Richmond, IN on May 31, 2007): Nearly 2,800 during the
period and over10,900 YTD

Presentations made at the Workshop on “Waste-to-Energy from the Ohio Livestock &
Food Processing Industries,” (Held in Wooster, OH on January 31, 2007): Over 2,750
during the period and over 11,400.YTD

Presentations made at the Workshop on “Waste-to-Energy Workshop for Indiana’s
Farm, Food Processing and Wood Industries,” (Held in Jasper, IN on December 11,
2006): Over 1,940 during the period and over 8,500 YTD

ALL Hits (Cannot determine the number of visitors that stayed on the Website for >5 minutes).



Monthly Hits on the MAC Web Site
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Figure 1. Monthly Hits on the MAC Web Site During 2010




Annual Hits on the MAC Web Site
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Cumulative Hits on the MAC Web Site
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Figure 3: Cumulative MAC Web Site Hits through March 2010
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Annual Data Transferred by the MAC Web Site Visitors, Gigabytes/Year
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PROGRESS REPORT

Y ‘ U.S. DEPARTMENT OF ENERGY
bg Midwest Clean Energy Application Center

Award Number:
DE-EE0001108

Award Recipient:
University of Illinois at Chicago

Principal Investigators:
John Cuttica, (312) 996-5620, cuttica@uic.edu
Cliff Haefke, (312) 355-3476, chaefkl@uic.edu

Reporting Period:
Fiscal Year 2011 — 2nd Quarter
January 1, 2011 through March 31, 2010

Submission Date:
May 3, 2011

Submitted to:
U.S. DOE/NETL
Joseph Renk, (412) 386-6406, Joseph.Renk @NETL.DOE.GOV




Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

May 3, 2011

Dear Mr. Renk,

Please find the attached Progress Report for the 2™ Quarter of Fiscal Year 2011
(FY2011.Q2) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $108,621.39 for FY2011.Q2:

e January 2011: $31,719.95
e February 2011: $43,024.73
e March 2011: $33,876.71

Below you will find a brief synopsis of our activities (deliverables and tasks) for
FY2011.Q2. If you have any questions, please do not hesitate to contact John Cuttica
(312-996-4382, cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefkl@uic.edu).

Thank you,

John Cuttica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center



Deliverable: 1 Task: 1

Description: Updated Project Management Plan

Activity: No update to the PMP was submitted during FY2011.Q2.

Deliverable: 2 Task: 2

Description: Minimum 5 workshops/webinars

Q1.11 Activity:
e Target Market Workshops and Webinars:

0 The Midwest RAC has been working with the Minnesota Office of Energy
Security (MN SEO) to develop the “Waste-to-Energy Workshop for the
Minnesota Food Processing & Livestock Industries: Exploring CHP
Opportunities” that will be held on May 24™, 2011 in Brooklyn Center,
Minnesota. Target Markets = Food Processors and Farmers. More
information can be found at:
http://www.midwestcleanenergycenter.org/minnesotaCHPfoodprocessing?
011/index.html

0 The Midwest RAC has in the beginning stages of identifying a target
market for the State of Indiana to hold a workshop in the summer/fall
2011 time period.

0 The Midwest RAC is working with the Midwest Cogeneration Association
(regional trade association for cogeneration/CHP) to develop a webinar
series titled “Sustaining Operational Efficiency and Effective O&M
Strategies for Existing Cogeneration/CHP Applications.” This webinar
also gained large interest from the DOE Technical Account Managers
(TAMs).

e Graduate Level CHP Course: The Midwest RAC is in the midst of teaching a
Spring 2011 semester graduate course for the Energy Engineering Masters
program at the University of Illinois at Chicago titled “Combined Heat and
Power, Design, and Management.” The semester course began January 11" and
will conclude the week of May 2".

0 Module 1 - CHP the Concept (01/11/10)

0 Module 2 — CHP Fuels (01/18/10)

0 Module 3 —Prime Movers 1: Internal Combustion Engines (01/18/10)

0 Module 4 — Prime Movers 2: Gas Turbines and Microturbines (01/18/10)

0 Module 5 - Prime Movers 3: Steam Turbines and Fuel Cells (02/01/10)

0 Module 6 — Generators & Electrical Interconnection (01/25/10)

0 Module 7 — CHP Evaluations (02/22/11)

0 Module 8 — CHP Market Sectors (02/22/11)

0 Module 9 — Desiccant Dehumidifiers (02/08/11)

0 Module 10 — Thermal Distribution Systems and Absorption Chillers
(02/08/11)

0 Module 11 — CHP Software Modeling Training (03/01/11)

U.S. DOE Midwest Clean Energy Application Center 3



0 Module 12 - Financial and Economic Analysis (02/15/11)

0 Module 13 - Global Warming and Carbon Footprinting of Energy
Systems (03/08/11)

0 Module 14 — CHP Emissions Considerations (03/29/11)

0 Module 15 - Biogas Applications — Farm, Food, WWTF (03/15/11)

0 Module 18 — Biomass and Fluidized Bed Technologies (03/29/11)

e Other Workshops/Webinars/Conferences/Presentations:
0 CHP Technology for LEADER Plants, March 2™, 2011, Online Webinar —
the Midwest RAC Coordinator Ted Bronson (PEA) presented to the TAM
Leaders.
0 MCA Freedom Field Tour, March 31%, 2011, Rockford, IL — the Midwest
RAC assisted the Midwest Cogeneration Association (MCA) to host a tour
of the “Freedom Field” project.

e Booth Displays:
0 The Midwest RAC developed and manned the booth display for the RACs
at the International District Energy Association’s 24™ Annual Campus
Energy Conference on February 22-25, 2011 in Miami, FL.

e Other Activities:
0 The Midwest RAC assisted the Mid-Atlantic RAC identifying and
developing target market CHP materials for schools in January 2011.

Deliverable: 3 Task: 2
Description: All educational material developed and utilized in Deliverable 2 posted on
the website

Activity: See the U.S. DOE Midwest Clean Energy Application Center website at
www.midwestcleanenergy.org.

Deliverable: 4 Task: 3

Description: 1 regulatory workshop
Activity:

e Regulatory/Policy Workshop/Webinar:
0 The Midwest RAC conducted a follow-on webinar on February 17" to the
December 14" workshop hosted by the Industrial Energy Consumers of
America (IECA) in Columbus, Ohio.
0 The Midwest RAC completed follow-up call to assist in the organization
of the OH CHP Coalition/Initiative during FY2011.Q2.

U.S. DOE Midwest Clean Energy Application Center 4



e RAC Policy Meetings: The Midwest RAC assisted in the organization and
participation of the January 26™ RAC Policy Meeting call focused on the Target
Policy States.

0 Target Policy States: The Midwest RAC has been heavily involved in
developing an action plan for the State of Ohio titled “State of Ohio Clean
Energy Policy Opportunity Document.” This activity has been a
highlighted focus for the Midwest RAC and several other RACs
working closely with DOE during FY2010 and FY2011. The Midwest
RAC has been working with several individuals in the State of Ohio
helping build an Ohio CHP/WHR Coalition to educate on needed policy
and regulatory reform for the CHP / WHR market in Ohio. The Midwest
RAC met numerous times via individual and group conference calls with
key stakeholders of the OH CHP Coalition/Initiative.

e Other States:

0 Missouri — The Midwest RAC has been working with Renew Missouri
environmental group and the Missouri SEO in promoting CHP and WHR
in Missouri. The Midwest RAC commented on Interconnection language
that was drafted in January 2011 and submitted February 2011.

0 Indiana — The Midwest provided technical information in relation to
Indiana’s proposed Feed-In Tariff for renewable energy projects that
includes biogas CHP projects.

e Other Activities:

o State Energy Efficiency Action Network (SEE Action): the Midwest RAC
has been serving on the Industrial and CHP sub-committee identifying the
strategies to better meet DOE’s overall energy goals within the industrial
and CHP market sectors.

o llinois Electric Cooperatives: the Midwest RAC is working closely with
Association of Illinois Electric Cooperatives (AIEC) to promote AD/CHP
in the State of Illinois through the Illinois electric cooperatives and to
identify the related barriers.

0 U.S. Clean Heat and Power Association (USCHPA) — the Midwest RAC
serves on the board of directors for the USCHPA.

0 Midwest Cogeneration Association (MCA) — the Midwest RAC serves on
the board of directors for the MAC and Cliff Haefke serves as Vice
President of the MCA.

U.S. DOE Midwest Clean Energy Application Center 5



Deliverable: 5 Task: 4

Description: Incorporate district energy and waste heat recovery technology material
into the website.

Activity:

e The Midwest RAC has been working on the redevelopment of the RAC websites
during FY2011.Q2. Cliff Haefke serves as co-chair with Christine Brinker
(Intermountain RAC) for the RAC Website and Logo Working Group. During
FY2011.Q2, the DSIRE database feed and the searchable project profile database
was under development.

e The Midwest RAC launched their updated RAC website in January 2011
(www.midwestcleanenergy.org).

Deliverable: 6 Task: 4

Description: Provide semi-annual report on website activities, usage, and metrics.

Activity:

e The MAC was contacted by DOE sponsors in Washington DC to analyze web
tracking software for all of the RACs. The Midwest RAC will be working with
Avalon Consulting and using the Midwest RAC as the test RAC website.

e Reporting on website activities, usage, and metrics has been completed on a
quarterly basis. Please see the Appendix for the FY2011.Q2 Midwest RAC
Website Traffic Report.

Website Highlights:

e Web site traffic during the period was over 477,000 hits.

e Cumulative traffic, since launching the Web site in April 2002, now exceeds 9.2
million hits.

e Total number of PDF documents (project profiles, reports, and presentations etc.)
viewed/downloaded from the Web site during the period exceeded 165,100.
Since launching the Web site over 3.53 million PDF documents have been viewed
/ downloaded from the Web site.

e During FY2011.Q2, the number of distinct computers that logged on to the Web
site at least once during the period was as high as 8,539 per month and averaged
over 7,620.

e Data transferred by the Web site visitors during the period was as high as 28.2
Gigabytes per month and totaled 82 Gigabytes. Since launching the Web site,
over 1,408 Gigabytes of data have been transferred from the Web site.

U.S. DOE Midwest Clean Energy Application Center 6



Deliverable: 7 Task: 4

Description: Develop a minimum of 9 project profiles.

Activity:
e Searchable Project Profile Database: the RAC Logo and Website Working Group
have been working with Energetics to develop a searchable database tool for the
DOE RAC website and the individual RAC websites. The test searchable
database was launched in FY2011.Q2 at the Intermountain RAC website.

e Project Profiles in development: eight project profiles were in development during
FY2011.Q1:
0 Northern Border Pipeline, North Dakota, 5.5 MW
Sietsema Farm Feeds, Howard City, MI, 500 kW
University of Missouri, Columbia, MO, 83.5 MW
CokeEnergy, East Chicago, IN, 94 MW
City Brewing Co., LaCrosse, WI, 633 kW
St. Paul Cogeneration Plant, St. Paul, MN, 32 MW

O O0O0OO0O0

Deliverable: 8 Task: 4

Description: Develop and launch at least 1 market sector page on the website.

Activity:
e See Activity #5 for a description of the website activity during FY2011.Q2.

Deliverable: 9 Task: 4

Description: Technical studies (topics TBD during the course of the year). Reports
posted on the website and provided as deliverable.

Activity:
e Technical Studies Under Development

0 The Midwest RAC co-sponsored the “Great Lakes Region Food Industry
Biogas Casebook” that was published in March 2011 and was developed
by the Energy Center of Wisconsin (ECW). The Casebook shares how
biogas-to-energy projects present energy cost savings opportunities for
food processing facilities. Readers will learn why food and beverage
producers have been using anaerobic treatment of their production
wastewaters for decades to produce biogas. 12 facilities utilizing anaerobic
digesters are profiled in the Casebook with two utilizing the concepts and
technologies of CHP. The document can be viewed and downloaded at:
http://www.midwestcleanenergycenter.org/events/EventRelated/PDF/Food
Indus_Casebook.pdf.

o County-by-County Biogas Feedstock CHP Potential for the State of
Illinois (completion expected FY2011.Q3).

U.S. DOE Midwest Clean Energy Application Center 7



0 Ohio CHP Utility Barriers (in conjunction with the Target Policy States).
To be published FY2011.Q3.

0 “Gundersen Lutheran Health System’s path to energy independence” — the
Midwest RAC is writing an article for the Cogeneration & On-Site Power
Production (COSPP) magazine that will be submitted in FY2011.Q3.

e Two additional technical studies are being investigated and under consideration to
fund during FY 2011:
0 Update to the 2005 CHP Resource Guide
0 CHP Policy and Regulatory Activities in the Midwest

Deliverable: 10 Task: 4

Description: Semi-annual reporting of changes in clean energy installations in the
Midwest to DOE database.

Activity: The Midwest RAC has been collecting installation data and information for
ICF International during FY2011.Q2.

Deliverable: 11 Task: 5

Description: Up to 10 technical site evaluations on an as required basis.

Activity:

e City of Monmouth, Monmouth, IL — the Midwest RAC met with the City of
Monmouth and submitted a proposal in January 2011 to assist the City in
developing and issuing an RFP to develop a biogas CHP project.

e Gundersen Lutheran Hospital, Lacrosse, WI (Phase 11) — the Midwest RAC is
assisting GL in analyzing CHP for a future hospital expansion, in particular,
identifying whether or not, CHP is technical feasible and in addition if a natural
gas-diesel dual-fired CHP system can serve as the emergency backup generation
to the hospital (similar to the Beloit Memorial Hospital CHP application).

e Denison University, Granville, OH — the Midwest RAC completed a Level 1 CHP
analysis investigating the replacement to their current coal-fired boiler (ensuing
Boiler MACT regulations).

e Turano Bakery, Chicago, IL — the Midwest RAC was contacted by Turano Bakery
in FY2011.Q1 to investigate WHR project opportunities. The analysis has been
put on hold until FY2011.Q3.

e Clow Water Systems, Coshocton, OH — the Midwest RAC worked with Clow
Water Systems to investigate several WHR opportunities at their facility. The
Midwest RAC assisted Clow Water Systems in contacting several turnkey
engineering firms.

e |llinois State University, Normal, IL — the Midwest RAC was contacted by ISU in
FY2011.Q1 to investigate AD/CHP opportunities. The Midwest RAC had further
discussions with ISU during FY2011.Q2 and will assist ISU in issuing an RFI in
FY2011.Q3.

U.S. DOE Midwest Clean Energy Application Center 8



e Oberweiss Dairy, North Aurora, IL — the Midwest RAC discussed CHP
opportunities with staff at Oberweiss Dairy during FY2011.Q2.

e Met with Six Convert to discuss AD/CHP opportunities and identify potential test
facilities.

e Technical Assistance to lllinois Biogas CHP Projects: the Midwest RAC serves as
the technical resource arm for the Illinois DCEO (state energy office) on the
technologies of CHP. The UIC/ERC has leveraged funds with the IL DCEO to
serve as the contract manager for the Illinois Biogas CHP Program.

e The Midwest RAC has continued to maintain relations with and establish new
contacts with a number of Engineering Firms that are involved in the Clean
Energy community in the Midwest region.

e Midwest Cogeneration Association (MCA)

o CIiff Haefke of the Midwest RAC has been serving as Vice President of
the Midwest Cogeneration Association (MCA) since January 2010.

o0 John Culttica participates in the MCA as a Board Member.

0 The Midwest RAC staff attended two MCA Board meetings during
FY2011.Q2.

e The Midwest RAC attended the PAWG webinar focused on absorption cooling
systems on February 4™ 2011.

e The Midwest RAC has been working with the Association of Illinois Electric
Cooperatives (AIEC) on the newly established RenewE program for Illinois coop
members interested in investigating the biogas CHP opportunities in 2011 and
2012. The Midwest RAC will be serving as the prime technical advisor in
investigating the technical feasibility studies.

e The Midwest RAC has had several conversations with DOE headquarters
regarding future technical assistance in relation to the ensuing Boiler MACT

ruling.
Deliverable: 12 Task: 5

Description: Provide clean energy technology support to Midwest IACs — one day
educational sessions.

Activity:
e No activity in FY2011.Q2.

Deliverable: 13 Task: 6

Description: Quarterly status reports activities, deliverables, etc. in accordance with
NETL/DOE instructions.

Activity:

e The Quarterly Report was submitted to Joe Renk (DOE/NETL).
e See this quarterly report for FY2011.Q2.

U.S. DOE Midwest Clean Energy Application Center 9



e See Quarterly Website Report in the Appendix for Midwest RAC website
activities.

Deliverable: 14 Task: 6

Description: Support DOE metrics of Centers as required.

Activity: The FY2010 RAC Metrics were completed and submitted to Marty Schweitzer
of Oak Ridge National Laboratory (ORNL) on February 24™.

U.S. DOE Midwest Clean Energy Application Center 10
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The MAC Web Site Traffic Report: January through March 2011

Web site traffic during the period was over 477,000.hits. Figures 1 and 2 show monthly
and annual traffic, respectively.

Cumulative traffic, since launching the Web site in April 2002, now exceeds 9.2 million
hits as shown in Figure 3.

Total number of PDF documents (project profiles, reports, and presentations etc.)
viewed/downloaded from the Web site during the period exceeded 165,100. Since
launching the Web site over 3.53 million PDF documents have been viewed /
downloaded from the Web site. Figures 4 and 5 show the number of PDF documents
downloaded monthly and annually, respectively.

The number of distinct computers that logged on to the Web site at least once during the
period was as high as 8,539 per month as shown in Figure 6 and average 7,620.

Data transferred by the Web site visitors during the period was as high as 28.2
Gigabytes per month and totaled over 82 Gigabytes as shown in Figure 7. Since
launching the Web site, over 1,408 Gigabytes of data have been transferred from the
Web site as shown in Figure 8.

Major documents and their number of copies viewed/downloaded are shown in Exhibits
1 and 2. These include the following:

- Project Profiles: Over 20,2007 during the period (including over 10,900 of those
developed by other RACS)

- CHP Resource Guide: Over 7,500 during the period and over 7500.YTD (same as
during the period because it is the first quarter of 2011)

- CHP Resource Guide for Hospitals (Published in March 2008): Over 9,500 during the
period and 9,500 YTD

- lllinois Permitting Guidebooks (Volumes A, B and Calculator: Over 1,580 during the
period and over 1,580 YTD

- Report on “Potential Use of IL Coal in Dry-Mill Ethanol Plants:” Nearly 230 during the
period and 230 YTD

- Report on “Energy Use in Future Dry-Mill Ethanol Plants:” Nearly 370 during the period
and 370 YTD

- Report on “CHP Application in Ethanol Plants:” Over 110 during the period and over
110 YTD.

- Presentations made at the Workshop on “Renewable Bioenergy Projects for Swine
Producers: Meeting Permitting Requirements, Increasing Energy Efficiency and
Improving Your Bottom Line” (Held in Onagra, IL on November 23, 2010): Over 4,800
during the period and over 4,800 YTD



Presentations made at the Workshop on “District Energy and Combined Heat &
Power: Increasing Efficiency and Cutting Carbon Emissions in Communities, Colleges
and Hospitals” (Held in St. Paul, MN on November 18, 2010): Over 7,490 during the
period and 7,490 YTD

Presentations made at the Workshop on “Waste Heat Recovery for Electricity and
Heat” (Held in Chicago, IL on September 29-30, 2010): Over 37,500 during the period
and over 37,500. YTD

Presentations made at the Workshop on “Waste to Energy Workshop for the Illinois
Electric Cooperatives” (Held in Springfield, IL on October 20, 2009): Over 2,780 during
the period and over 2,780 YTD

Presentations made at the Workshop on “Waste-to-Energy Workshop” (Held in
Wooster, OH on April 7, 2009) Over 7,100 during the period and over 7,100 YTD

Presentations made at the Workshop on “Energy Saving Opportunities for Wastewater
Treatment Facilities: Energy Efficiency and CHP,” (Held in Indianapolis, IN and
Elkhart, IN on May 19 and 21, 2008, respectively): Over 6,4800 during the period and
over 6,480 YTD

Presentations made at the Workshop on “Bio-Energy Production through Anaerobic
Digester Technologies,” (Held in Lansing, Ml on January 15, 2008): Over 2,830
during the period and over 2,830 YTD

Presentations made at the Workshop on “Methane Recovery from Farm & Food
Processing Waste,” (Held in Richmond, IN on May 31, 2007): Over 3,500 during the
period and over 3,500 YTD

Presentations made at the Workshop on “Waste-to-Energy from the Ohio Livestock &
Food Processing Industries,” (Held in Wooster, OH on January 31, 2007): Over 2,450
during the period and over 2,450.YTD

Presentations made at the Workshop on “Waste-to-Energy Workshop for Indiana’s
Farm, Food Processing and Wood Industries,” (Held in Jasper, IN on December 11,
2006): Over 1,760 during the period and over 1,760 YTD

n

ALL Hits (Cannot determine the number of visitors that stayed on the Website for >5 minutes).

Does not include those downloaded/viewed from one of the ORNL servers (Not currently available
because of a cyber attack)
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Project Profiles

Adkins Energy

Advocate South Suburban Hospital

Afxantiou Farm

Albert Lea Wastewater Treatment Facility

Antioch Community High School
Barham Farms

Beloit Memaorial Hospital
Breeden YMCA

Broshco Fabricating Products
Claver Hill Dairy

Crave Brothers

Dakota Station

East Kansas Agri-Energy
Eastern Michigan University
Elgin Community College
Elkhart Hospital

Evanston High School
Franciscan Sisters

Franklin Heating Station

Huoliday Inn

Holsum Dairy

Holsum Elm Dairy

Hunter Haven Farms

Janesville Wastewater Treatment Facility

Jesse Brown VA Medical Center
Laclede Gas Building

Lake Forest Hospital

Little Company of Mary Hospital

Lorin Industries

Maine South High School

Manchester Tanks

Museum of Science

Mational Animal Disease Center

Maval Station Great Lakes

Mortheast Missouri Grain

Morthwest Community Hospital

MNorwiss Farms

Qnyx Seven Mile Creek Landfill

Pasadena City College

Presbytenan Homes

Resurrection Hospital

Rochester Wastewater Treatment Plant

S. C. Johnson

SmithField Foods

St Francis Hospital

St. Mary's Hospital, MN

St. Mary's Hospital, WI

Spectrum Health

U.S. Energy Partners

UIC- East Campus

UIC-West Campus

University of lowa

University of Michigan

Utilimaster Corporation

Vestil Manufacturing

Winnenago County Sheriffs Office
Total Project Profiles Total

Exhibit 1: Project Profiles, Guidebooks and Ethanol Reports Downloaded in 2010

2010

Jan11 Feb11 Mar'11  Apr'11 May11 Jun'11| Jul'11 | Aug'11 Sep1 Oct'11 Nov'11 Dec'11 Total

176 186
1 108
162 137
134 93
130 17
62 62
171 229
100 a7
95 68
70 108
N 97
100 95
268 182
67 110
167 177
195 176
108 141
139 166
87 [
104 101
87
9N 122
a8 82
63 58
2,866 2,776

232

202
228
121

181

1M

225
122
165
114
123

118
162

117
201

252

249

121
105

122

121
86
3,649

335
291
207
- - = = 9,291
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Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

July 29, 2011

Dear Mr. Renk,

Please find the attached Progress Report for the 3" Quarter of Fiscal Year 2011
(FY2011.Q2) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $152,420.00 for FY 2011.Q3:
e April 2011: $34,645.03
e May2011: $38,300.99
e June2011:  $79,473.98

Below you will find a brief synopsis of our activities (deliverables and tasks) for
FY2011.Q2. If you have any questions, please do not hesitate to contact John Cuttica
(312-996-4382, cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefk1@uic.edu).

Thank you,

John Cuittica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center
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Deliverable: 1 Task: 1

Description: Updated Project Management Plan

Activity: No update to the PMP was submitted during FY 2011.Q3.

Deliverable: 2 Task: 2

Description: Minimum 5 workshops/webinars

Q2.11 Activity:
e Target Market Workshops and Webinars:

o TheMidwest RAC co-sponsored the Waste-to-Energy Workshop for the
Minnesota Food Processing & Livestock Industries: Exploring CHP
Opportunities with the Minnesota Office of Energy Security (MN SEO).
Nearly 100 participants attended the workshop that was held on May 24",
2011 in Brooklyn Center, Minnesota. Senator Al Franklin provided
recorded opening remarks. More information can be found at:
http://www.midwestcleanenergy.org/events/defaul t.aspx?News=Exploring
CHPOpportunitie

o TheMidwest RAC met severa times via phone and in person with Indiana
CHP stakeholders (developers, industrial end users, state energy office)
focused on conducting a webinar and aworkshop revolving around near
term activities that could positively impact the implementation rate of
CHP, WHR, and DE applicationsin the state of Indiana (i.e. Boiler
MACT, tailoring rule, energy rates, industrial cash flow, etc.). The
webinar is tentatively scheduled for FY 2011.Q3 with afollow on
workshop scheduled at alater date and time.

o TheMidwest RAC has been working with the Midwest Cogeneration
Association (regional trade association for cogeneration/CHP) to develop
amonthly webinar seriestitled “Sustaining Operational Efficiency and
Effective O& M Strategies for Existing Cogeneration/CHP Applications.”
Thiswebinar also gained large interest from the DOE Technical Account
Managers (TAMs), stemming from a meeting between PEA, the Midwest
RAC, and ORNL back in FY2011.Q2, and will be advertised with the
TAMs. Thefirst two webinars scheduled include:

= Webinar #1 scheduled for July 28" — Generating Operation
Strategies in Real Time Energy Markets

= Webinar #2 scheduled for August 25" — Turbine Inlet Cooling
Options and Technologies

e Graduate L evel CHP Course: The Midwest RAC completed teaching the Spring
2011 semester graduate course for the Energy Engineering Masters program at the
University of Illinois at Chicago titled “Combined Heat and Power, Design, and
Management.”

o Course summary information:
»  Semester began January 11™ and concluded week of May 2™,

w
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* Modules1 - 15 and 18 were taught during FY 2011.Q2.
= Modules 16, 17, 20, 21 were taught during weeks FY 2011.Q3.
=  The Midwest RAC coordinated a site-tour of the UIC East Campus
CHP plant for the DOE Industrial Assessment Center and the
Energy Engineering Masters students, both of the University of
lllinois at Chicago, on April 26", 2011.
= Design project sessions were conducted during weeks 4/19, 4/26,
and 5/3.
Listing of Modules presented in FY 2011.Q3 (Module titles for
FY 2011.Q2 can be found be in FY 2011.Q2 Quarterly Report):
* Module 16 — Waste Heat Recovery Applications (04/05/11)
= Module 17 — Landfill Gas CHP Applications (04/05/11)
* Module 20 — Regulatory Related CHP Activities (04/12/11)
= Module 21 — Operations, Maintenance, and Sustaining Operational
Efficiency (04/12/11)

e Presentations:

o

Current CHP/WHR Scenario in Ohio, May 2™, 2011, Online Webinar —
Midwest RAC presented at the Interactive Webinar Identifying &
Prioritizing CHP/WHR Barriersin Ohio

Combined Heat and Power (CHP) Concepts & Technologies, May 24™,
2011, Brooklyn Center, Minnesota— the Midwest RAC presented at the
Waste-to-Energy Workshop for the Minnesota Food Processing &
Livestock Industries: Exploring CHP Opportunities.

Next Steps and Resources, May 24th, 2011, Brooklyn Center, Minnesota —
the Midwest RAC presented at the Waste-to-Energy Workshop for the
Minnesota Food Processing & Livestock Industries: Exploring CHP
Opportunities.

CHP Technology Overview, May 25", 2011, Online Webinar — the
Midwest RAC presented at the Biomass Thermal Energy Council’s
(BTEC) Webinar titled “Large-Scale Biomass Thermal — District Energy
and Combined Heat & Power.”

Examining CHP Technologies, June 2", 2011, Middleburg Heights, OH —
the Midwest RAC presented at the Halfmoon Seminar titled “Using
Combined Heat and Power”AD Biogas Opportunities in the Midwest,
June 22™, 2011, Chicago, Illinois— the Midwest RAC presented at the
Biogas East & Midwest Conference.

e Booth Displays:

o

U.S. DOE Midwest Clean Energy Application Center

Waste-to-Energy Workshop for the Minnesota Food Processing &
Livestock Industries: Exploring CHP Opportunities, May 24™, 2011,
Brooklyn Center, Minnesota



e Other Activities.
o TheMidwest RAC isworking closely with the Midwest Cogeneration
Association (MCA) in developing the conference materia the Midwest
Region’s Cogeneration Conference. Development activities include:
agenda, sponsorships, marketing, conference website, payment logistics,
speakers, etc. The conference was originally scheduled for August 11th,
but was postponed in late June to October 11th.

Deliverable: 3 Task: 2

Description: All educational material developed and utilized in Deliverable 2 posted on
the website

Activity: Seethe U.S. DOE Midwest Clean Energy Application Center website at
www.midwestcleanenergy.org.

Deliverable: 4 Task: 3

Description: 1 regulatory workshop
Activity:

e Regulatory/Policy Workshop/Webinar:
o TheMidwest RAC co-sponsored and organized an interactive webinar
with the Ohio Coalition of Combined Heat and Power on May 2™ (read
below for more information).

e RAC Policy Mestings:
o TheMidwest RAC assisted in the organization, coordination, and
participation of the two RAC Policy Meetings during FY 2011.Q3 working
closely with Eric Wong of ICF. Meetings were conducted on April 13"
and June 8",
o TheMidwest RAC met with Jamie Link (DOE) on May 3" to discuss the
role of the RACs.

e Target Policy State: As part of DOE’s RAC highlighted policy efforts, the
Midwest RAC has focused their attention on the State of Ohio and been actively
involved in developing an action plan for the State of Ohio, working with the
Ohio Coalition for Combined Heat and Power. The Midwest RAC was one of the
founding members of the coalition and serves as one of the key technical support
entities for the coalition.

o During FY2011.Q3, the Midwest RAC submitted milestones, goals,
updates, and reportsto Eric Wong (RAC Policy Coordinator) per Eric’s
request to keep DOE headquarters abreast of Ohio’s CHP Palicy activities.

o TheMidwest RAC developed the webpage for the Ohio Coalition for
Combined Heat and Power during FY 2011.Q3. The webpage will be
launched FY2011.Q4 in July.
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o TheMidwest RAC is developing areport studying the impacts and
potential barriers of standby rates toward CHP and other generating assets
in Ohio. Thethree |OUs being investigated are Duke, AEP, and First
Energy. The report will be published in FY2011.Q4.

o White Paper developed for OCCHP titled: “Ohio Electric Utility Rate
Impacts toward On-Site Generation”... completed in June 2011.

o TheMidwest RAC, as part of the Ohio Coalition for Combined Heat and
Power, conducted awebinar on May 2™ titled “Interactive Webinar
Identifying and Prioritizing CHP/WHR Barriersin Ohio.” This webinar
was the first in the series for Ohio stakeholders to investigate the potential
barriers to CHP/WHR implementation in Ohio. An interactive survey was
implemented during the live webinar. A follow up identical survey was
also issued to gain additional input into identifying and prioritizing the
barriers. For more information on the webinar visit:
http://www.midwestcleanenergy.org/events/default.aspx?News=WebinarC
HPWHRBarriersinOhio The first “solutions” webinar is tentatively
scheduled for early August.

o TheMidwest RAC met with industry experts, government staff, and other
individuals and groups during FY 2011.Q3 to discuss Ohio’s CHP and
Clean Energy efforts. Some of these meetings include:

= April 19" 2011 — met with Ohio Environmental Council

= April 22 2011 — met with GE Energy

= April 27" 2011 - attended the University Clean Energy Alliance
of Ohio conference in Columbus, OH

= April 27", 2011 — attended an “invitation only” meeting with
former Michigan Governor Granholm and the PEW Charitable
Trusts to discuss energy policy needsin the state of Ohio
(Columbus, Ohio)

= June 2™, 2011 — met with OEC and Policy Matters Ohioin

Cleveland, Ohio.

June 10", 2011 — met with OCCHP via conference call

June 21%, 2011 — met with OEC via phone

June 23, 2011 — met with OCCHP via conference call

June 30", 2011 - met with NRDC and RED in Chicago, IL.

o TheMidwest RAC was asked to comment on the agenda for the Ohio
Governor’s Fall Energy Summit.

o Other States:

o Missouri — Worked with Renew Missouri in reviewing HB 877.in April
2011.

o Indiana— Indianaissued a clean energy standard during FY 2011.Q2 with
low-medium support for CHP/WHR technologies.

o lowa- the Midwest RAC developed areport studying the impacts and
potential barriers of standby rates toward CHP and other generating assets
by lowa utilities in conjunction with the Environmental Law & Policy
Center.

U.S. DOE Midwest Clean Energy Application Center 6
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e Other Activities and Organizations:

o State Energy Efficiency Action Network (SEE Action): the Midwest RAC
has been serving on the Industrial and CHP sub-committee identifying the
strategies to better meet DOE’s overall energy goals within the industrial
and CHP market sectors.

= TheMidwest RAC attended a SEE Action conference call on April
26™, 2011.

= The Midwest RAC attended a SEE Action conference call on May
31%, 2011,

= TheMidwest RAC presented results of SEE Action to the Midwest
Governors Association on June 7/8", 2011.

o lllinois Electric Cooperatives. the Midwest RAC isworking closely with
Association of Illinois Electric Cooperatives (AIEC) to promote AD/CHP
in the State of Illinois through the Illinois electric cooperatives and to
identify the related barriers.

o U.S. Clean Heat and Power Association (USCHPA) — the Midwest RAC
serves on the board of directors for the USCHPA.

= The Midwest RAC attended a USCHPA team meeting on April
14™ 2011 in Washington DC.

= TheMidwest RAC participated in the USCHPA Stratgy Meeting
on April 15", 2011 in Washington DC.

* TheMidwest RAC participated at the Spring USCHPA Meeting in
Washington DC on May 5-6", 2011.

o Midwest Cogeneration Association (MCA) — the Midwest RAC serves on
the board of directors for the MAC and Cliff Haefke serves as Vice
President of the MCA.

=  Midwest RAC met with MCA President and Treasurer on April
19" to discuss region activities and coordinated efforts

= The Midwest RAC attended an MCA Board Meeting, Thursday,
May 5™, Oakbrook Terrace, Illinois

= Midwest RAC met with various MCA members on June 23" to
discuss Midwest region effortsin Westmont, Illinois.

= The Midwest RAC attended an MCA Board Meeting, Thursday,
June 30", Oakbrook Terrace, Illinois.

o Midwest Governors Association

= TheMidwest RAC attended a Midwest Governors Association
planning call on April 27™.

= The Midwest RAC attended a meeting in Columbus, Ohio, on June
7/8™, to present the status and results for SEE Action, that will be
included in the Midwest Industrial Activities

o Midwest Energy Efficiency Alliance (MEEA)

= The Midwest RAC met with MEEA Industrial and CHP
Coordinator on May 11" to discuss coordination of activitiesin the
Midwest region.
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o PEW Charitable Trusts and ELPC

= The Midwest RAC attended a meeting presentation titled "Legal
Implications of Environmental I1ssues’ given by Howard Lerner of
ELPC on May 12™, 2011.

= Midwest RAC attended an event at EL PC officesin Chicago,
[llinais, in which former Michigan Governor Granholm spoke
about energy policy needsin the U.S. and Illinois on June 29",
2011.

Deliverable: 5 Task: 4

Description: Incorporate district energy and waste heat recovery technology material
into the website.

Activity:

e Theinitial activity of incorporating district energy and waste heat recovery
technology material into the website was completed in FY 2011.Q2.

e Cliff Haefke serves as co-chair with Christine Brinker (Intermountain RAC) for
the RAC Website and Logo Working Group. During FY 2011.Q3, the DSIRE
database feed and the searchabl e project profile database were under
development. The searchable database was test launched on the Intermountain
RAC website.

Deliverable: 6 Task: 4
Description: Provide semi-annual report on website activities, usage, and metrics.

Activity:

e The Midwest RAC worked with Martin Schweitzer (ORNL) during April and
May to provide additional data and clarification to the Midwest Region’s RAC
metrics.

e Avaon Consulting is working with the Midwest RAC and using the Midwest
RAC website as the test RAC website to analyze web tracking software.

¢ Reporting on website activities, usage, and metrics has been completed on a
guarterly basis. Please see the Appendix for the FY2011.Q3 Midwest RAC
Website Traffic Report. FY2011.Q3 isthefirst quarter that the Midwest RAC has
begun using Google Analytics.

Website Highlights:
e Over 2,270 pages were viewed
e Over 930 visits
e Number of unique visitors per month ranged from 168 to 300

U.S. DOE Midwest Clean Energy Application Center 8



Deliverable: 7 Task: 4

Description: Develop a minimum of 9 project profiles.

Activity:
e Searchable Project Profile Database: the RAC Logo and Website Working Group
have been working with Energetics to develop a searchabl e database tool for the
DOE RAC website and the individual RAC websites. The test searchable
database was launched in FY 2011.Q3 at the Intermountain RAC website and
coding will be shared with the other RACsin FY 2011.Q4.

e Project Profilesin development: seven project profiles were in development
during FY 2011.Q3:
o Northern Border Pipeline, North Dakota, 5.5 MW
Sietsema Farm Feeds, Howard City, M1, 500 kW
University of Missouri, Columbia, MO, 83.5 MW
CokeEnergy, East Chicago, IN, 94 MW
City Brewing Co., LaCrosse, WI, 633 kW
St. Paul Cogeneration Plant, St. Paul, MN, 32 MW
Toledo WWTF, Toledo, OH

O O O O O O

Deliverable: 8 Task: 4

Description: Develop and launch at least 1 market sector page on the website.

Activity:
e SeeActivity #5 for adescription of the website activity during FY 2011.Q3.

Deliverable: 9 Task: 4

Description: Technical studies (topics TBD during the course of the year). Reports
posted on the website and provided as deliverable.

Activity:
e Technica Studies Under Development

o “Gundersen Lutheran Health System’s path to energy independence” — the
Midwest RAC is co-wrote an article for the Cogeneration & On-Site
Power Production (COSPP) magazine that was published in the May/June
issue of COSPP.

o County-by-County Biogas Feedstock CHP Potential for the State of
[linois (completion expected FY 2011.Q4).

o Ohio CHP Utility Barriers (in conjunction with the Target Policy States).
To be published FY 2011.Q3.

o TheMidwest RAC developed areport studying the impacts and potential
barriers of standby rates toward CHP and other generating assets under
lowa utilities in conjunction with the Environmental Law & Policy Center.

U.S. DOE Midwest Clean Energy Application Center 9



o TheMidwest RAC isworking on areport studying the impacts and
potential barriers of standby rates toward CHP and other generating assets
under Ohio utilities. The report will be published FY 2011.Q4.

e Two additional technical studies are being investigated and under consideration
to fund during FY 2011/2012:
o Update to the 2005 CHP Resource Guide
o CHP Policy and Regulatory Activities in the Midwest

Deliverable: 10 Task: 4

Description: Semi-annual reporting of changes in clean energy installations in the
Midwest to DOE database.

Activity:
e TheMidwest RAC submitted updated installation data and information for the
Midwest Region to Anne Hampson (ICF International) on June 17, 2011.

Deliverable: 11 Task: 5

Description: Up to 10 technical site evaluations on an as required basis.
Activity:

Technical Analysis

e ThePlant, Chicago, IL — the Midwest RAC toured the facility that will be
implementing an AD/CHP project. The facility is based on vertical indoor
farming. The RAC toured the facility and supplied names of AD/CHP industry
contacts in June.

e City of Vaparaiso, Indiana— the Midwest RAC assisted the City of Valparaiso in

e Youngstown State University — preliminary discussions regarding CHP on their
university campus and Boiler MACT issues.

e Verso Paper, Michigan — the Midwest RAC began discussionsin May and June
with Verso Paper (Michigan) in investigating waste heat recovery opportunities
and their industrial facility and greenhouse. The project inquiry stemmed from a
meeting with the ORNL/DOE Technical Account Managers (TAMS) meeting in
FY2011.Q2.

e |llinois State University — the Midwest RAC has been working with the ISU in
developing a digester-biogas-CHP project at their campus. The Midwest RAC
met I1SU at a RAC sponsored workshop in October 2010. RAC supported
activities during FY 2011.Q3 included reviewing an RFI, providing technical
support, providing regional equipment vendor and engineering contacts.

e Gundersen Lutheran Hospital, Lacrosse, WI (Phase |1):

o TheMidwest RACisassisting GL in anayzing CHP for afuture hospital
expansion, in particular, identifying whether or not, CHP is technical
feasible and in addition if anatural gas-diesel dual-fired CHP system can
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serve as the emergency backup generation to the hospital (similar to the
Beloit Memorial Hospital CHP application).

o The Midwest RAC began discussions with GL on implementing a biomass
CHP project. Further discussionsto occur in FY2011.Q4.

e Denison University, Granville, OH — the Midwest RAC completed aLevel 1 CHP
analysisin FY2011.Q2 and met with DU staff to discuss results and next steps on
April 4" 2011. DU is concerned about Boiler MACT issues. A follow up
conference call was held on April 18", 2011 to discuss funding opportunities,
turnkey engineering firms, etc.

e Hog Farm, lllinois— early discussions stages for AD/CHP project

e Turano Bakery, Chicago, IL — the Midwest RAC was contacted by Turano Bakery
in FY2011.Q1 to investigate WHR project opportunities. The analysis was put on
hold indefinitely, the Midwest RAC will be back in touch with Turano Bakery in
FY2011.0Q4.

e Confluence Solar Inc. — the Midwest RAC provided technical assistancein terms
of waste heat recovery applications.

e Clow Water Systems, Coshocton, OH — the Midwest RAC worked with Clow
Water Systems to investigate several WHR opportunities at their facility. The
Midwest RAC assisted Clow Water Systems in contacting several turnkey
engineering firms.

e Middough — the Midwest RAC assisted engineering firm with four potential
projectsin April/May:

o Chemical Plant, lowa— understanding emissions regulations

o LFG CHP Plant, Maryland — understanding transit fees and working with
RECs

o Heathcare campus, Ohio — helped organize a site tour of an existing CHP
application in Illinois

o University Campus, Illinois— identifying industry expertsin smart grid

e Technica Assistanceto Illinois Biogas CHP Projects: the Midwest RAC serves as
the technical resource arm for the Illinois DCEO (state energy office) on the
technologies of CHP. The UIC/ERC has leveraged funds with the IL DCEO to
serve as the contract manager for the lllinois Biogas CHP Program.

e The Midwest RAC has continued to maintain relations with and establish new
contacts with anumber of Engineering Firmsthat are involved in the Clean
Energy community in the Midwest region. Some of the meetings and dicussions
arelisted here:

o Energy Center of Wisconsin, June 16", 2011

Met with GE Energy on April 19", 2011

Met with Eisenmann on April 5, 2011

Attended “Biogas...What Is Its Future?” in Madison, WI, on April 7, 2011

Met on June 14" with Innovation Center with U.S. Dairy

Assisted Westinghouse Co. on June 15™ with market information for petro

chemical facilities.

e The Midwest RAC has been working with the Association of Illinois Electric
Cooperatives (AIEC) on the newly established RenewE program for Illinois coop
members interested in investigating the biogas CHP opportunities in 2011 and

O O O O O
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2012. The Midwest RAC will be serving as the prime technical advisor in
investigating the technical feasibility studies.

e TheMidwest RAC has had severa conversations with DOE headquarters
regarding future technical assistance in relation to the ensuing Boiler MACT

ruling.
Deliverable: 12 Task: 5

Description: Provide clean energy technology support to Midwest IACs.

Activity:

e The Midwest RAC coordinated a site-tour of the UIC East Campus CHP plant for
the DOE Industrial Assessment Center and the Energy Engineering Masters
students, both of the University of Illinois at Chicago, on April 26", 2011.

e The Midwest RAC began working with the US DOE Save Energy Now (SEN)
Midwest to develop an abbreviated webinar series for training the Midwest IACs
to be broadcast during FY 2011.Q3 (tentatively scheduled for September 2011).

Deliverable: 13 Task: 6

Description: Quarterly status reports activities, deliverables, etc. in accordance with
NETL/DOE instructions.

Activity:
e The Quarterly Report was submitted to Joe Renk (DOE/NETL) and EImer
Fleischman (DOE/NETL).
e The Quarterly Report was submitted to the DOE EERE Management Center
website at https://www.eere-pmc.energy.gov/SubmitReports.aspx.

Deliverable: 14 Task: 6

Description: Support DOE metrics of Centers as required.

Activity:
e TheMidwest RAC worked with Martin Schweitzer (ORNL) during April and
May to provide additional data and clarification to the Midwest Region’s RAC
metrics.

U.S. DOE Midwest Clean Energy Application Center 12
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U.S. Midwest Clean Energy Application Center
Website Traffic Report: April through June 2011

(Source: Google Analytics)

e Over 2,270 pages were viewed during over 930 visits and the number of unique visitors
per month ranged from 168 to 300. Figures 1 through 3 show the monthly pages viewed,
visits and unique visitors, respectively; and cumulative pages viewed and visits are
shown in Figures 4 and 5, respectively.

o The tiles of the pages viewed and the total number of time these pages were viewed
during the quarter are shown in Exhibit 1.
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Figure 2: Cumulative Pages Viewed on the Midwest RAC Website
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Figure 4: Cumulative Numbers of Visitors at the Midwest RAC Website
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Exhibit 1: Titles of the Pages Viewed at the Midwest RAC Website
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Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

July 29, 2011

Dear Mr. Renk,

Please find the attached Progress Report for the 4™ Quarter of Fiscal Year 2011
(FY2011.Q4) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $71,815.03for FY 2011.Q4:
e July 2011: $15,759.38
e August 2011: $27,652.40
e September 2011: $28,403.25

Below you will find a brief synopsis of our activities (deliverables and tasks) for
FY2011.Q2. If you have any questions, please do not hesitate to contact John Cuttica
(312-996-4382, cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefk1@uic.edu).

Thank you,

John Cuittica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center
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Deliverable: 1 Task: 1

Description: Updated Project Management Plan

Activity: No update to the PMP was submitted during FY 2011.Q4.

Deliverable: 2 Task: 2

Description: Minimum 5 workshops/webinars

Q4.11 Activity:
e Target Market Workshops and Webinars:

o TheMidwest RAC has been working with the Midwest Cogeneration
Association (regional trade association for cogeneration/CHP) on a
monthly webinar series titled “Sustaining Operational Efficiency and
Effective O&M Strategies for Existing Cogeneration/CHP Applications”
targeting engineers, developers, and existing/potential end users. Two
webinars were hosted in FY 2011.Q4 with two in planning phase for
FY2012.Q1.

=  Webinar #1. Generating Operation Strategies in Real Time Energy
Markets, July 28, 2011

=  Webinar #2: Turbine Inlet Cooling Options and Technologies,
August 25, 2011

o UPCOMING EVENT: The Midwest RAC is planning with Indiana CHP
stakeholders (devel opers, industrial end users, state energy office) an
education outreach effort that would include a target market workshop and
awebinar series towards users of medium to larger sized boilers:
industrial, healthcare, and higher education facilities. This effort would
surround the ensuing emissions regulations, forecasted natural gas prices,
projected energy rate increases, and industrial cash flow. Activities have
been postponed to beginning of 2012.

o UPCOMING EVENT: The Midwest RAC isin planning efforts with the
Association of Illinois Electric Cooperatives (AIEC) to conduct three
target market workshops in the lllinois rural cooperative service territories
during the Jan/Feb 2012 timeframe towards biogas CHP workshops in the
agriculture and food processing sectors.

e Presentations:

o Introduction and Overview of Combined Heat and Power, Online Webinar
#1: Generating Operation Strategies in Real Time Energy Markets, July
28, 2011.

o Introduction and Overview of Combined Heat and Power, Online Webinar
#2: Turbine Inlet Cooling Options and Technologies, August 25, 2011.

o Introduction to CHP and WHR Technologies, Online Hill Staff Webinar
for Ohio, Potential for Combined Heat and Power (CHP) to increase
Ohio's Competitiveness ,September 1, 2011

w
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o Combined Heat & Power Policies and Projects, An Overview of
Distributed Generation Resources (sponsored by the Division of Energy
Resources Minnesota Department of Commerce), St. Paul, MN,
September 29", 2011.

o UPCOMING EVENT: Snapshot of the Midwest CHP/Cogeneration
Market, 2011 Midwest Cogeneration Conference, Elgin, Illinois, October
11, 2011.

e Booth Displays:
o UPCOMING EVENT: 2011 USCHPA Annua Conference, October 6-7,
2011, Washington DC.

e Other Activities:

o UPCOMING EVENT: The Midwest RAC has scheduled an invite-only
webinar for the Midwest State Energy Offices on October 12™ geared
towards planning RAC activities for FY 2012 in conjunction with the
Midwest SEOs.

o UPCOMING EVENT: The Midwest RAC isworking closely with the
Midwest Cogeneration Association (MCA) in developing the conference
material for the Midwest Region’s Cogeneration/CHP Conference on
October 11" in Elgin, Illinois. Development activities include: agenda,
sponsorships, marketing, conference website, payment logistics, speakers,
etc.

Deliverable: 3 Task: 2

Description: All educational material developed and utilized in Deliverable 2 posted on
the website

Activity: Seethe U.S. DOE Midwest Clean Energy Application Center website at
www.midwestcleanenergy.org.

Deliverable: 4 Task: 3

Description: 1 regulatory workshop
Activity:

e Regulatory/Policy Workshop/Webinar:

o TheMidwest RAC co-sponsored and organized a webinar with the Ohio
Codlition of Combined Heat and Power and PEW Environment Group for
the Ohio Hill Staff on September 1% titled “Hill Staff Webinar — Potential
for Combined Heat and Power (CHP) to increase Ohio's
Competitiveness.”

o TheMidwest RAC, as part of the Ohio Coalition of Combined Heat and
Power, co-sponsored and co-organized an interactive webinar for Ohio
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CHP stakeholderstitled “Potential Policy Recommendations for
Implementing CHP/WHR Projectsin Ohio” on August 4, 2011.

e RAC Policy Mestings:

©)

©)

The Midwest RAC assisted in the organization, coordination, and
participation of the two RAC Policy Meetings during FY 2011.Q4 working
closely with Eric Wong of ICF. Meetings were conducted on July 20"
and September 7.

The Midwest RAC met with Jamie Link (DOE) on August 24™ to discuss
Midwest CHP policy efforts.

e Target Policy State: As part of DOE’s RAC highlighted policy efforts, the

Midwest RAC has focused their attention on the State of Ohio and been actively
involved in developing an CHP action plan for the new Governor Kasich,
working with the Ohio Coalition for Combined Heat and Power. The Midwest
RAC was one of the founding members of the coalition and serves as one of the
key technical support entities for the coalition.

o

o

During FY 2011.Q4, the Midwest RAC continued to work on milestones,
goals, updates, and reports due to DOE requests.
The Midwest RAC launchedwebpage for the Ohio Coalition for Combined
Heat and Power during FY 2011.Q4.
www.midwestcleanenergy.org/ohiochp
The Midwest RAC is developing areport studying the impacts and
potential barriers of standby rates toward CHP and other generating assets
in Ohio. Thethree IOUs being investigated are Duke, AEP, and First
Energy. The report will be published in FY2011.Q4.
The Midwest RAC co-sponsored and organized a webinar with the Ohio
Coalition of Combined Heat and Power and PEW Environment Group for
the Ohio Hill Staff on September 1% titled “Hill Staff Webinar — Potential
for Combined Heat and Power (CHP) to increase Ohio's
Competitiveness.”
The Midwest RAC, as part of the Ohio Coalition of Combined Heat and
Power, co-sponsored and co-organized an interactive webinar for Ohio
CHP stakeholderstitled “Potential Policy Recommendations for
Implementing CHP/WHR Projects in Ohio” on August 4, 2011.
The Midwest RAC met with industry experts, government staff, and other
individuals and groups during FY 2011.0Q4 to discuss Ohio’s CHP and
Clean Energy efforts. Some of these meetings included:

= July 12" 2011 — conference call with Ohio Coalition for
Combined Heat and Power (OCCHP)
July 28", 2011 - conference call with OCCHP
August 9", 2011 — conference call with OCCHP
August 16", 2011 — conference call with OCCHP
September 12", 2011 — conference call with OCCHP
The Midwest RAC attended Governor Kasich’s Ohio Energy Summit
(invitation only event) on September 21%, 2011.
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e Other States:

o lowa- the Midwest RAC developed areport studying the impacts and
potential barriers of standby rates toward CHP and other generating assets
by lowa utilities in conjunction with the Environmental Law & Policy
Center. The Midwest RAC isworking with several lowa entities to flush
out and review the report before publication.

o Minnesota— The Midwest RAC was asked to participate at the first of four
Minnesota Distributed Generation Policy Workshops on September 29",
2011: “Combined Heat and Power Policies and Projects.” The Midwest
RAC is planning to attend the fourth workshop on November 8" — Forum
on Next Steps.

o Michigan — the Midwest RAC met with the Michigan Environmental
Council to discuss CHP opportunities and barriers for tri-county region on
July 25", 2011.

e Other Activities and Organizations:

o State Energy Efficiency Action Network (SEE Action): the Midwest RAC
has been serving on the Industrial and CHP sub-committee identifying the
strategies to better meet DOE’s overall energy goals within the industrial
and CHP market sectors.

= The Midwest RAC presented on a RAC Conference Call on July
5™ the activities of SEE Action.

= TheMidwest RAC attended a SEE Action conference call on A"%*%
30", , 2011.

o Midwest Governors Association: the Midwest RAC has been participating
in MGA meetings and planning activities.

*  Midwest RAC presented on August 57, 2011 to the MGA
Industrial Committee (i.e. bringing CHP and SEE Action activities
to MGA)

= Midwest RAC attended MGA Industrial Group Meeting on August
31% and September 1%.

o lllinois Electric Cooperatives. the Midwest RAC isworking closely with
Association of Illinois Electric Cooperatives (AIEC) to promote AD/CHP
in the State of Illinois through the Illinois electric cooperatives and to
identify the related barriers.

o U.S. Clean Heat and Power Association (USCHPA) — the Midwest RAC
serves on the board of directors for the USCHPA.

*» TheMidwest RAC attended a USCHPA team conference call on
August 4™

= TheMidwest RAC participated in a USCHPA Board Meeting
conference call on September 20,

» TheMidwest RAC will be participating at the 2011 Annual
USCHPA Meeting in in Washington DC on October 6-7", 2011.

o Midwest Cogeneration Association (MCA) — the Midwest RAC serves on
the board of directors for the MAC and Cliff Haefke serves as Vice
President of the MCA.
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= Midwest RAC attended MCA Board Meeting on Thursday, June
30", 2011 in Oakbrook Terrace, lllinois.
»  Midwest RAC participated in aJuly 7" MCA Board Meeting
conference call.
=  Midwest RAC participated in a September 26" MCA Board
Meeting conference call.
= Midwest RAC isassisting the MCA in developing the 2011 MCA
Cogeneration/CHP Conference for October 11" in Elgin, IL.
o Midwest Energy Efficiency Alliance (MEEA)
= The Midwest RAC attended the MEEA Conference and presented
on the CHP/Industrial activities of SEE Action and MGA on
August 2" and 3"
o PEW Charitable Trusts and ELPC
» The Midwest RAC attended a meeting presentation on August 11™.
» TheMidwest RAC co-sponsored and organized a webinar with the
Ohio Coalition of Combined Heat and Power and PEW
Environment Group for the Ohio Hill Staff on September 1% titled
“Hill Staff Webinar — Potential for Combined Heat and Power
(CHP) to increase Ohio's Competitiveness.”

Deliverable: 5 Task: 4
Description: Incorporate district energy and waste heat recovery technology material
into the website.

Activity:

e Cliff Haefke serves as co-chair with Christine Brinker (Intermountain RAC) for
the RAC Website and Logo Working Group. During FY 2011.Q4, the DSIRE
database feed and the searchable project profile database were under
development. The searchable database was test launched on the Intermountain
RAC website and information to download to other RAC websites was shared in
FY2011.Q4

Deliverable: 6 Task: 4
Description: Provide semi-annual report on website activities, usage, and metrics.

Activity:
e Avalon Consulting isworking with the Midwest RAC and using the Midwest
RAC website as the test RAC website to analyze web tracking software.
¢ Reporting on website activities, usage, and metrics has been completed on a
quarterly basis. Please see the Appendix for the FY2011.Q4 Midwest RAC
Website Traffic Report. FY2011.Q4 is the second quarter that the Midwest RAC
has begun using Google Analytics.

Website Highlights:
e Over 6,470 pages were viewed
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e Over 2,200 visits
e Number of unique visitors per month ranged from 197 to 381

Deliverable: 7 Task: 4
Description: Develop a minimum of 9 project profiles.

Activity:
e Searchable Project Profile Database: the RAC Logo and Website Working Group
have been working with Energetics to develop a searchabl e database tool for the
DOE RAC website and the individual RAC websites. The test searchable
database was launched in FY 2011.Q3 at the Intermountain RAC website and
coding was shared with the other RACsin FY 2011.Q4.

e Project Profilesin development: seven project profiles were in development
during FY 2011.Q4:
o Northern Border Pipeline, North Dakota, 5.5 MW
Sietsema Farm Feeds, Howard City, M1, 500 kW
University of Missouri, Columbia, MO, 83.5 MW
CokeEnergy, East Chicago, IN, 94 MW
City Brewing Co., LaCrosse, WI, 633 kW
St. Paul Cogeneration Plant, St. Paul, MN, 32 MW
Toledo WWTF, Toledo, OH

O O O O O O

Deliverable: 8 Task: 4
Description: Develop and launch at least 1 market sector page on the website.

Activity:
e SeeActivity #5 for adescription of the website activity during FY 2011.Q4.

Deliverable: 9 Task: 4

Description: Technical studies (topics TBD during the course of the year). Reports
posted on the website and provided as deliverable.

Activity:
e Technica Studies Under Development

o County-by-County Biogas Feedstock CHP Potential for the State of
[llinois (completion expected FY 2012.Q1).

o TheMidwest RAC developed areport studying the impacts and potential
barriers of standby rates toward CHP and other generating assets under
lowa utilities in conjunction with the Environmental Law & Policy Center
(under review during FY 2011.Q4)
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o TheMidwest RAC isworking on areport studying the impacts and
potential barriers of standby rates toward CHP and other generating assets
under Ohio utilities. The report will be published FY 2012.Q1.

e Two additional technical studies are being investigated and under consideration to
fund during FY 2012:
o Update to the 2005 CHP Resource Guide
o CHP Policy and Regulatory Activities in the Midwest

Deliverable: 10 Task: 4

Description: Semi-annual reporting of changes in clean energy installations in the
Midwest to DOE database.

Activity:
e No activity in FY2011.Q4.

Deliverable: 11 Task: 5

Description: Up to 10 technical site evaluations on an as required basis.
Activity:

Technical Analysis

e ThePlant, Chicago, IL — the Midwest RAC toured the facility that will be
implementing an AD/CHP project. The facility is based on vertical indoor
farming. The RAC toured the facility and supplied names of AD/CHP industry
contactsin June.

e lllinois State University — the Midwest RAC has been working with the ISU in
developing a digester-biogas-CHP project at their campus. The Midwest RAC
met I1SU at a RAC sponsored workshop in October 2010. RAC supported
development of RFP..

e Gundersen Lutheran Hospital, Lacrosse, WI (Phase 11):

o TheMidwest RAC is providing technical assistance in the development of
a CHP biomass project at the Gundersen Lutheran La Crosse campus. The
Midwest RAC developed an RFP for GL and reviewed submitted
proposals.

e Black Hills Bronze, Inc. — the Midwest RAC is providing technical assistance
towards the feasibility evaluation of CHP for Black Hills Bronze located in South
Dakota.

e Quaker Foods & Snacks aDivision of PepsiCo — the Midwest RAC has been
contacted to investigate CHP opportunities for their facilities.

e Superior FibersLLC — the Midwest RAC was contact to provide a CHP
feasibility evaluation in Bremen, Ohio.

e Technica Assistanceto Illinois Biogas CHP Projects: the Midwest RAC serves as
the technical resource arm for the Illinois DCEO (state energy office) on the
technologies of CHP. The UIC/ERC has leveraged funds with the IL DCEO to
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serve as the contract manager for the lllinois Biogas CHP Program. The Midwest
RAC reviewed and approved funding for Danville WWTF.

e The Midwest RAC has been working with the Association of Illinois Electric
Cooperatives (AIEC) on the newly established RenewE program for Illinois coop
members interested in investigating the biogas CHP opportunitiesin 2011 and
2012. The Midwest RAC will be serving as the prime technical advisor in
investigating the technical feasibility studies.

e TheMidwest RAC met with EPA Region 5 and Illinois EPA to discuss project
identification and developments for acommunity based digester CHP project in
llinois.

o Conference Call — July 6", 2011
o Meeting— September 15", 2011 (EPA Region 5, Illinois EPA, Association
of Illinois Electric Cooperatives, Illinois Clean Energy Foundation)

Deliverable: 12 Task: 5

Description: Provide clean energy technology support to Midwest IACs.

Activity:
e No activity in FY2011.Q4.

Deliverable: 13 Task: 6

Description: Quarterly status reports activities, deliverables, etc. in accordance with
NETL/DOE instructions.

Activity:
e The Quarterly Report was submitted to Joe Renk (DOE/NETL) and EImer
Fleischman (DOE/NETL).
e The Quarterly Report was submitted to the DOE EERE Management Center
website at https.//www.eere-pmc.energy.gov/SubmitReports.aspx.

Deliverable: 14 Task: 6

Description: Support DOE metrics of Centers as required.

Activity:
e No activity in FY2011.Q4.
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U.S. Midwest Clean Energy Application Center
Website Traffic Report: July through September 2011
(Source: Google Analytics)

Over 6,470 pages were viewed during over 2,200 visits and the number of unique
visitors per month ranged from 197 to 381. Figures 1 through 3 show the monthly pages
viewed, visits and unique visitors, respectively; and cumulative pages viewed and visits
are shown in Figures 4 and 5, respectively.

The tiles of the pages viewed and the total number of time these pages were viewed
during the quarter are shown in Exhibit 1.
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Figure 3: Monthly Number of Visitors
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Exhibit 1: Titles of the Pages Viewed at the U.S. DOE Midwest RAC Website

Page Title Pageviews
Home 965
Mews & Evant 476
Project Profiles 285
Resources 275
About Clean Energy || Combined Heat & Power (CHF) 156
States 93
About Clean Energy || Waste Heat Recavery _ n |
About Clean Energy || Combinad Heat & Power (CHP) || Prime Mover Technalogies | 90
Contact Us | 89
Puolicy & Initistives | 78
Markets [ 75
About Clean Energy || Waste Heat Recovery || Heat-to-Power Technologies [ 74
Markets || Industrial 73
Project Start-up || Pre-Screen / Site Qualfication | 70
Projact Start-up || Level 1 Screening Analysis 68
About Clean Energy || Waste Heat Recovery || Importance to Industry 65
About Clean Energy || Waste Heat Recovery || Recover & Use of Waste Heat B5
About Clean Energy || Combined Heat & Power (CHP) || CHP Thermal Technologies B4
States || Ohia G2
Abaut Us ) | 59
Project Start-up || Level 2 Conceptual & Financial Analysis [ &5 |
States || Minois _ 55
About Clean Energy || Combined Heat & Pawer (CHP) || What a CHP System Produces | M
About Clean Energy || Waste Heat Recovery || Sources of Waste Heat [ 82 |
About Clean Energy || Waste Heat Recovery || Factors Affecting Feasibility [ 44
About Clean Energy || Combined Heat & Power (CHP) || Emissions | 43
About Clean Energy || Benefits & Bamers | 40
About Clean Energy || Combined Heat & Power (CHP) || Fusls for CHP 40
States || Minnesota 36
About Clean Energy 35
Project Start-up || Level 3 Imestment-Grade Analysis ]|
About Clean Energy (| District Energy 28
E-NEWSLETTER [ 27
[ECA Warkshop Summary - December 14, 2010 25
|Stales || Nebraska _ 25
States || Wisconsin [ 25
Webinars | 24
Project Start-up || Procurement. Operation, & Maintenance [ 23
About Clean Energy || Combined Heat & Power (CHP) || History | 22 |
About Clean Energy || Distrct Energy || Who Uses Distict Enengy? [ 22
About Clean Energy || Distnct Energy || Fuels for District Energy [ 21
States || Other Regions 20
About Clean Energy || Economics 18
IECA Workshop - December 14, 2010 16
States || Indiana 16
About Clean Energy || District Energy || Electric Generation Technologies for District Enargy 14
States || lowa 13
States || Missouri [ 12
States || Morth Daketa [ 12 |
About Clean Energy |l District Energy || History | 1]
States || Michigan | 11

About Clean Energy || Distnct Energy || Why District Energy?
Ohio Clean Energy || Register

States | Kansas

Project Start-up || Financing

MCA-MidwestRAC_VWebinars

Markets || Commercial

States || South Dakota

Markets || Agricultural

Home Page ""Ohio Coalition fro Combined Heat and Power™

= P L LD L de Q0| Dy

Total 4,198
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Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

February 1, 2012

Dear Mr. Renk,

Please find the attached Progress Report for the 3" Quarter of Fiscal Year 2012
(Q1.FY2012) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $105,002.61 for Q1.FY 2012:
e QOctober 2012: $23,849.41
e November 2012: $49,184.97
e December 2012: $31,968.23

Below you will find a brief synopsis of our activities (deliverables and tasks) for
QL1.FY2012. If you have any questions, please do not hesitate to contact John Cuttica
(312-996-4382, cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefk1@uic.edu).

Thank you,

John Cuittica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center
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Deliverable: 1 Task: 1

Description: Updated Project Management Plan

Activity: No update to the PMP was submitted during Q1.FY 2012.

Deliverable: 2 Task: 2

Description: Minimum 5 workshops/webinars

Q2.11 Activity:
e Target Market Workshops and Webinars:
o TheMW CEAC co-sponsored the Implementing Winning
Cogeneration/CHP Projects conference with the Midwest Cogeneration
Association on October 11", 2011 in Elgin, lllinois. More information
can be found at: http://www.cogeneration.org/111011Conf/index.html

o Midwest State Opportunities Webinar for CHP, District Energy, & Waste
Heat Recovery, October 12", 2011, Online Webinar, the MW CEAC
coordinated a webinar for the Midwest SEOs. 8 of the 12 SEOs
participated in the event.

o Following the 10/12 webinar, the MW CEAC met with the Wisconsin
SEO on 10/28 to discuss CHP opportunities in Wisconsin. The Wl SEO
and MW CEAC identified the target market sectors of breweries, food
processing facilities, and waste water trestment facilities as sectorsto
pursue in FY 2012 for workshops and/or webinars.

o The MW CEAC has been meetingwith Indiana CHP stakeholders
(developers, industrial end users, SEO personnel) focused on conducting a
webinar and aworkshop series revolving around near term activities that
could positively impact the implementation rate of CHP, WHR, and DE
applicationsin the state of Indiana (i.e. utility and non-utility regulations,
energy rates, industrial cash flow, etc.). The webinar/workshop seriesis
tentatively scheduled for Q2.FY 2012.

e Graduate Level CHP Course: The MW CEAC will be teaching a Spring 2012
semester graduate engineering course for the Energy Engineering Masters
Program at the University of Illinois at Chicago titled “Combined Heat and
Power, Design, and Management.” The MW CEAC was preparing coursework in
Q1.FY 2012 for this class.

e Presentations:
o Snapshot of the Cogeneration/CHP Market and Industry Trends, October
11™, 2011, Elgin, IL — MW CEAC presented at the MCA Conference.
o Midwest State Opportunities Webinar for CHP, District Energy, & Waste
Heat Recovery, October 12", 2011, Online Webinar, the MW CEAC
presented a coordinated a webinar for the Midwest SEOs (8 of the 12
SEOs attended the webinar).

w
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o Waste Heat Recovery Opportunities, October 14", Chicago, Illinois— the
MW CEAC presented at the World Energy Engineering Congress
(WEEC) conference.

o CHP using Biogas & Biomass Fuels, November 18" , 2011, Chicago, IL —
the MW CEAC presented at the Illinois 25x°25 Renewable Energy
Forum’s Distributed Electricity and Renewable Electricity Panel.

o Industrial Cogeneration / CHP, November 11, 2011, Chicago, IL, —the
MW CEAC presented at the American Institute of Chemical Engineers
(AIChE) 2011 Midwest Regiona Conference

o Combined Heat & Power (CHP) In the Food Processing Industry : When
Does It Make Sense? November 11, 2011, Chicago, IL —the MW CEAC
presented at the American Institute of Chemical Engineers (AIChE) 2011
Midwest Regional Conference

o Introduction to CHP and WHR Technologies, November 17", 2011,
Washington DC — MW CEAC presented at the Congressional Education
Briefing sponsored by NASEO and ASERTTI

o Combined Heat & Power (CHP) and Waste Heat Recovery (WHR)
Briefing Waste Heat Recovery, November 22", 2011, Columbus, OH —
the MW CEAC presented to the PUCO commissioners and staff.

e Booth Displays:
o Implementing Winning Cogeneration/CHP Projects. Midwest
Cogeneration Association Conference, October 11th, 2011 in Elgin, IL
o USCHPA Annual Meeting, October 4-6, 2011, Washington DC.

e Other Activities:

o TheMW CEAC isworking closely with the Midwest Cogeneration
Association (MCA) in implementing a monthly webinar seriestitled
“Sustaining Operational Efficiency and Effective O&M Strategies for
Existing Cogeneration/CHP Applications.” The first webinar of
FY 2012.Q2 will be scheduled for February 2012.

Deliverable: 3 Task: 2
Description: All educational material developed and utilized in Deliverable 2 posted on
the website

Activity: Seethe U.S. DOE Midwest Clean Energy Application Center website at
www.midwestcleanenergy.org.

Deliverable: 4 Task: 3

U.S. DOE Midwest Clean Energy Application Center 4
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Description: 1 regulatory workshop

Activity:

U.S. DOE Midwest Clean Energy Application Center

Requlatory/Policy Workshop/Webinar:

@)
©)

No workshops/webinars were scheduled during Q1.FY 2012.

The MW CEAC isworking closely with the Midwest Governors
Association (MGA), the Ohio Codlition for CHP, the Ohio Governor’s
Office, and other key stakeholdersin planning aworkshop for
Q2.FY2012.

RAC Policy Mestings:

(@]

The MW CEAC assisted in the organization, coordination, and
participation of the CEAC Policy Meeting on November 16" working
closaly with Eric Wong of ICF.

Target Policy State: As part of DOE’s CEAC highlighted policy efforts, the MW

CEAC has continued their focus and attention on the State of Ohio and has been
actively involved in developing an action plan for the State of Ohio, working with
the Ohio Coalition for Combined Heat and Power. The MW CEAC isone of the
founding members of the coalition and serves as one of the key technical support
entities for the coalition.

o

The Ohio Coalition for Combined Heat and Power (OCCHP) submitted
CHP/WHR policy recommendations to Governor Kasich’s office on
10/25/11. The MW CEAC reviewed and provided recommendations to the
draft version of the policy recommendations.

The MW CEAC presented to the commissioners and staff of the the Public
Utility Commissioner of Ohio on November 22, 2012.

Stemming from actions that took place in Q4.FY 2011, that included the
MW CEAC providing requested technical assistance and information, the
Ohio PUC ruled in favor of the 350 MW outlined in AEP’s 3 year energy
security plan.

The Ohio Coalition for Combined Heat and Power and the MW CEAC
met various times (in-person meetings, conference calls, one-on-one calls)
with the Governor’s staff, legidative staff, PUCO staff, and other
government staff throughout Q1.FY 2012.

The MW CEAC is developing areport studying the impacts and potential
barriers of standby rates toward CHP and other generating assets in Ohio.
The three IOUs being investigated are Duke, AEP, and First Energy. The
report is expected to be published in Q3.2012.

The MW CEAC attended bi-weekly meetings (conference calls) and other
meetings with representatives from the Ohio Coalition for Combined Heat
and Power during Q1.FY 2012.

Other States:



o Missouri —the MW CEAC met with Missouri SEO staff on 12/12/2011.

o Wisconsin — the MW CEAC met with Wisconsin SEO staff on
10/28/2011.

o lowa-the MW CEAC met with lowa SEO staff on 12/8/2011.

e Other Activities and Organizations:

o State Energy Efficiency Action Network (SEE Action): the Midwest RAC
has been serving on the Industrial and CHP sub-committee identifying the
strategies to better meet DOE’s overall energy goals within the industrial
and CHP market sectors and attended SEEA ction meetings during
QL. FY2012.

o lllinais Electric Cooperatives. the MW CEAC isworking closely with
Association of Illinois Electric Cooperatives (AIEC) to promote AD/CHP
in the State of Illinois through the Illinois electric cooperatives and to
identify the related barriers.

o U.S. Clean Heat and Power Association (USCHPA) —the MW CEAC
serves on the board of directors for the USCHPA and attended various
team meetings/calls during Q1.FY 2012.

o Midwest Cogeneration Association (MCA) — the MW CEAC serves on the
board of directors for the MCA and Cliff Haefke serves as Vice President
of the MCA and attended conference calls and planning meetings for the
October cogeneration conference.

o Midwest Governors Association — the MW CEAC has been meeting with
the MGA to plan a CHP/WHR policy workshop in Ohio scheduled for
Q2.FY2012.

o Midwest Energy Efficiency Alliance (MEEA) - the MW CEAC serves on
the board of MEEA and attended various meetings during Q1.FY 2012.

Deliverable: 5 Task: 4

Description: Incorporate district energy and waste heat recovery technology material
into the website.

Activity:

e Theinitia activity of incorporating district energy and waste heat recovery
technology material into the website was completed in FY 2011.Q2.

e Cliff Haefke serves as co-chair with Christine Brinker (IM CEAC) for the CEAC
Website and Logo Working Group.

e During Q1.FY 2012, the DSIRE database feed were under development.

e TheWorking Group is coordinating the Target Market Sector website page
development (see Deliverable 8 for more information).

Deliverable: 6 Task: 4

Description: Provide semi-annual report on website activities, usage, and metrics.

Activity:

U.S. DOE Midwest Clean Energy Application Center 6



e The MW CEAC worked with Martin Schweitzer (ORNL) during
Q1.FY 2012provide additional dataand clarification to the Midwest Region’s
CEAC metrics.

e Avalon Consulting isworking with the MW CEAC and using the Midwest RAC
website as the test CEA C website to analyze web tracking software.

e Reporting on website activities, usage, and metrics is completed on a quarterly
basis. Please see the Appendix for the Q1.FY 2012 Midwest CEAC Website
Traffic Report.

Website Highlights:
e Over 5,700 pages were viewed
e Over 1,850 visits
e Number of unique visitors per month ranged from 473 to 502

Deliverable: 7 Task: 4

Description: Develop a minimum of 9 project profiles.

Activity:
[ ]
e Several Project Profiles were in development in Q1.FY 2012, includingthe
following:
o Northern Border Pipeline, North Dakota, 5.5 MW

o University of Missouri, Columbia, MO, 83.5 MW
o CokeEnergy, East Chicago, IN, 94 MW
o Gundersen Lutheran, LaCrosse, WI
o Bayview WWTF, Toledo, OH
Deliverable: 8 Task: 4

Description: Develop and launch at least 1 market sector page on the website.

Activity:

e Cliff Haefke (MW CEAC) and Christine Brinker (IM CEAC) are co-chairs for the
CEAC Website Working Group.

e CIiff and Christine are working with the 8 CEACs in developing the Target
Market Sector web pages for the CEACs.

e The8 CEACsplusIDEA are all tasked to complete adraft of one Market Sector
write-up each by 1/31/2012 that will be submitted to Cliff and Christine.

e Thegoa isto publish these initial market sector write-ups on the CEAC websites
by 2/29/2012.

U.S. DOE Midwest Clean Energy Application Center 7



Deliverable: 9 Task: 4

Description: Technical studies (topics TBD during the course of the year). Reports
posted on the website and provided as deliverable.

Activity:
e Technica Studies Under Development

o TheMW CEAC isworking with the Association of Illinois Electric
Cooperatives on developing a County-by-County Biogas Feedstock CHP
Potential for the State of 11linois (completion expected Q2.FY 2012).

o The MW CEAC developed adraft report studying the impacts and
potential barriers of standby rates toward CHP and other generating assets
under lowa utilities in conjunction with the Environmental Law & Policy
Center and the lowa Environmental Council. Thisreport will be published
in Q2.FY 2012 and presented to the lowainvestor owned utilities

o The MW CEAC isworking on areport studying the impacts and potential
barriers of standby rates toward CHP and other generating assets within
Ohio utilities. The report is expected to be published Q3.FY 2012.

o The MW CEAC will be updating the 2005 CHP Resource Guide during
FY2012. A planning meeting was organized in December 2011. Work on
this guide is expected to begin in Q2.FY 2012.

Deliverable: 10 Task: 4

Description: Semi-annual reporting of changes in clean energy installations in the
Midwest to DOE database.

Activity:
e The MW CEAC submitted updates on installation data and information for the
Midwest Region to Anne Hampson (ICF International) during Q1.FY 2012.

Deliverable: 11 Task: 5

Description: Up to 10 technical site evaluations on an as required basis.
Activity:

Technical Analysis

e ThePlant, Chicago, IL — the MW CEAC provided project assistance to THE
PLANT providing funding, loans, and incentive assistance. The facility is based
on vertica indoor farming and is implementing an AD/CHP project.

e Thilmany Papers, Kaukauna, WI —the MW CEAC met with Thilmany Papersto
discuss future CHP operations/modifications and their efficiency issuesin their
existing steam turbines. The MW CEAC is developing a paper on low isentropic
efficiency issues in steam turbines as part of the first steps of reviewing their
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plant, expected completion FY 2012.Q2. The MW CEAC was introduced to
Thilmany Papers by Paul Lemar, DOE Technical Account Manager (TAM).

e Gundersen Lutheran Hospital, Lacrosse, WI (Phase I1): the Midwest CEAC is
providing technical assistance to GL on their biomass CHP project (operations
expected in late 2012).

e Technica Assistanceto Illinois Biogas CHP Projects: the MW CEAC serves as
the technical resource arm for the Illinois DCEO (state energy office) on the
technologies of CHP. UIC/ERC has leveraged funds with the IL DCEO to serve
as the contract manager for the Illinois Biogas/Biomass CHP Program.

e The MW CEAC continues to maintain relations with and establish new contacts
with industry stakeholders of the CHP/WHR/DE industry.

e The MW CEAC has been working with the Association of Illinois Electric
Cooperatives (AIEC) on the RenewE program for Illinois coop members
interested in investigating the biogas CHP opportunities.. The MW CEAC is
serving as the prime technical advisor in investigating the technical feasibility
studies.

e The MW CEAC isworking with DOE headquarters and ICF on the upcoming
technical assistance work in relation to the ensuing Boiler MACT ruling.

Deliverable: 12 Task: 5

Description: Provide clean energy technology support to Midwest IACs.

Activity:
e Noactivity in QL.FY2012.

Deliverable: 13 Task: 6

Description: Quarterly status reports activities, deliverables, etc. in accordance with
NETL/DOE instructions.

Activity:
e The Quarterly Report was submitted to Joe Renk (DOE/NETL) and EImer
Fleischman (DOE/NETL).
e The Quarterly Report was submitted to the DOE EERE Management Center
website at https://www.eere-pmc.energy.gov/SubmitReports.aspx.

Deliverable: 14 )

Description: Support DOE metrics of Centers as required.

Activity:
e The MW CEAC worked with Martin Schweitzer (ORNL) during Q1.FY 2012 to
provide additional data and clarification to the MW CEAC’s metrics.

o
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https://www.eere-pmc.energy.gov/SubmitReports.aspx

Appendix

U.S. DOE Midwest Clean Energy Application Center

10



U.S. Midwest Clean Energy Application Center
Website Traffic Report: October through December 2011
(Source: Google Analytics)

Over 5,610 pages were viewed by over 1,850 visits and the number of unique visitors
per month ranged from 473 to 502. Figures 1 through 4 show the monthly number of
pages viewed, number of visitors, number of unique visitors and number of PDF files
downloaded/viewed, respectively; and cumulative number of pages viewed, visitors and
PDF files downloaded/viewed are shown in Figures 5 and 7, respectively. Please note
that the counting of PDF downloaded files recorded by Google did not start until October
2011.

The tiles of the pages viewed and the total number of time these pages were viewed
during the quarter are shown in Exhibit 1.
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Figure 4. Cumulative Numbers of Visitors at the Midwest RAC Website
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Figure 5: Monthly Numbers of Unique Visitors at the Midwest RAC Website
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Exhibit 1: Titles of the Pages Viewed at the U.S. DOE Midwest RAC Website

Page Title Pageviews
! 1,267
{resources/ 356
/PDFPages/ 327
{states/ 320
Iprofilas/ 301
Icleanenergy/chp/ 283
{events/ 172
fcleanenergy/chp/technologies aspx 171
Icleanenergy/chp/technologies-thermal.aspx 128
[cleanenergy/whr/ 128
fcleanenergy/whr/heat-to-power aspx 112
Icleanenergy/whr/recovery.aspx 110
[cleanenergy/chp/products.aspx 106
/events/webinars/index html 93
Icleanenergy/chp/fuels.aspx 78
[cleanenergy/chp/emissions.aspx 76
/support/levell.aspx 73
Ipolicy/ 71
[cleanenergy/benefits/ 68
/support/ 62
{/Contact.aspx 58
Imarkets/industrial/naturalgas.aspx 57
/markets/ 56
Icleanenergy/whr/feasibility aspx 54
[cleanenergy/whr/sources.aspx 52
fcleanenergy/chp/history aspx a1
Icleanenergy/whrfindustry aspx 51
[ohiochp/ 49
/support/level2 aspx 49
{states/oh/ 43
[cleanenergy/district/ 35
/about/ 33
{states/mi/ 33
[cleanenergy/chp/default.aspx 32
/states/regions_aspx 32
/support/level3.aspx 32
[cleanenergy/whr/resources.aspx 29
fcleanenergy/economics. aspx 27
Icleanenergy/ 26
[events/EventRelated/Content\WorkshopSummary_IECA_2010Dec14.asp 26
fcleanenergy/district/generation aspx 25
Istatesfia/ 24
{states/il/ 24
/states/mn/ 23
Icleanenergy/district/who_aspx 22
[events/EventRelated/Content/Agenda_|IECA_2010Dec14.aspx 19
fcleanenergy/whr/default aspx 18
Icleanenergy/district/history aspx 17
[events/ENewsletter/default.aspx 17
/support/default aspx 17
/support/procurement.aspx 17
[cleanenergy/district/why.aspx 14
fevents/ENewsletter/ 14
Icleanenergy/district/economics_aspx 13
[cleanenergy/district/fuels.aspx 12
/PDFViews/2007ComEethanolEnergySys_pdf 12
Istates/in/ 12
{states/mo/ 12
fevents/default. aspx?News=ExploringCHPOpportunities "
/contact.aspx 10
[ohiochpfindex.html| 10
/default_aspx

/XLSPages/

[cleanenergy/district/default. aspx

fohiochp/register aspx

{states/wil

[cleanenergy/default.aspx

/states/ks/

{states/nd/

levents/default. aspx?News=SwineProducers

/states/sd/

Imidwestwebinar/

Istates/ia’default.aspx

[states/il/default aspx

Istates/sd/default aspx

/HospitalGuide/

/markets/institutional/

Istates/mi/default aspx

[states/oh/default.aspx
ftranslate_c?hl=de&prev=/search?q=combined+heat+and+power+mid+we
Icleanenergy/benefits/default aspx

levents/default. aspx?News=CleanHeatPowerAssociation
fevents/default. aspx?News=IndustrialEnergyStrategies
fevents/default. aspx?News=WebinarCHPWHRBarriersInChio
{events/webinars/

/markets/commercial/

Imarketsfindustrial/
/search?hi=en&gs_sm=e&gs_upl=414016015101639011011010191010114 11141
/states/mn/default aspx

/states/nd/default aspx

Istates/ne/

fevents/default. aspx?News=, |ChioEnergyM; ent
levents/default. aspx?News=ID

levents/default. aspx?Mews=IDEAZ24thAnnualCampusEnergyConference
/PDFViews/040130-Linterconnect-AppendixA_pdf
/PDFViews/040805_Roadmap_Final pdf
/PDFViews/EthanolStudyReport_Nov2007 pdf
/PDFViews/IA_Baseline_Report_Final_102405_pdf
/PDFViews/icci_coal_ethanol_final_report_pub.pdf
/PDFViews/USHospitalGuidebook_111907_pdf
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Q2.FY2012 MW CEAC Progress Report

Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

April 30, 2012

Dear Mr. Renk,

Please find the attached Progress Report for the 2™ Quarter of Fiscal Y ear 2012
(FY2012.Q2) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $70,872.37 for FY 2012.Q2:

e January 2012: $9,192.17
e February: $31,666.19
e March: $30,014.01

Below you will find a brief synopsis of our activities (deliverables and tasks) for
FY2012.Q2. If you have any questions, please do not hesitate to contact John Cuttica
(312-996-4382, cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefk1@uic.edu).

Thank you,

John Cuittica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center
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Q2.FY2012 MW CEAC Progress Report

Section 1: Award Number: DE-EE0001108

Section 2: Project Title and Name of Directors/ Principal Investigators
a. Project Title: Midwest Region Clean Energy Application Center
b. Name of Project Directors/ Principal Investigators
I. John Cuttica, (312) 996-5620, cuttica@uic.edu
ii. Cliff Haefke, (312) 355-3476, chaefk1@uic.edu

Section 3: Report and Period Covered by the Report
a. Report submitted 4/30/2012
b. Reporting Period: January 1, 2012 through March 31, 2012

Sections 4,5, 7: Quarterly Accomplishments & Schedule Status (see Appendix)

Section 6: Cost Status — The center invoiced $70,872.37 for FY 2012.Q2.

e January 2012: $9,192.17
e February: $31,666.19
e March: $30,014.01

Section 8: Changesin Approach — N/A

Section 9: Anticipated Problems or Delays— N/A

Section 10: Absence or Changes of Key Personnel — N/A

Section 11: Product Produced or Technology Transfer Activities Accomplished

a. Publications; conference papers; or other public releases of results. Publications
arelisted in the Appendix.

i.  1/17 — Industrial/Commercial/Institutional Boiler MACT Combined
Heat and Power: A Technical & Economic Compliance Option, DOE
SEE Action Webinar (see attached)

ii.  2/3—Welcome Presentation @ Biogas Renewable Energy CHP Projects for
Clinton County Electric Coop Dairy Farmers: Understanding Issues,
Evaluating Combined Heat & Power Opportunities, Increasing Energy
Efficiency, and Improving Y our Bottom Line, Breese, IL. (see attached)
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Q2.FY2012 MW CEAC Progress Report

iii.  2/6 — Introduction to Combined Heat & Power (CHP) @ 2012 NARUC
Winter Meetings, Washington DC (see attached).

iv. 2/6 - Strategic States and SEE-Action Network for Industrial EE & CHP
@ IDEA Business Development Workshop, Washington DC. (see attached)

V. 2/9 —Welcome Presentation @ Biogas Renewable Energy CHP Projects for
South-Central Illinois Livestock Producers: Understanding Issues, Evaluating
Combined Heat & Power Opportunities, Increasing Energy Efficiency, and
Improving Y our Bottom Line, Effingham, IL. (see attached)

vi. 2/10 — Welcome Presentation @ Biogas Renewable Energy CHP Projects
for South-Central Illinois Livestock Producers: Understanding Issues,
Evaluating Combined Heat & Power Opportunities, Increasing Energy
Efficiency, and Improving Y our Bottom Line, Macomb, IL. (see attached)

vii. 2/14 — CHP & WHR Technology Briefing and Environmental Benefits,
Ohio Webinar (see attached).

viii.  3/9 - U.S. Department of Energy Boiler MACT Technical Assistance
Pilot Program @ Public Utilities Commission of Ohio (PUCO) Educational
Forum, Columbus, OH (see attached).

b. Web site or other Internet sites that reflect the results of this project — see ongoing
development of Midwest CEAC website @ www.midwestcleanenergy.org

c. Networks or collaborations fostered — N/A
d. Technologies/Techniques— N/A
e. Inventions/Patent Applications— N/A

f. Other products— N/A

U.S. DOE Midwest Clean Energy Application Center 4
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CEAC Goals and Milestones from January Presentations and Project Management Plan

CEAC Goals Activities Qutcomes Milestones Status (as of 3/31)

Midwest Ohio . Inclusion of CHP /WHR as a . Participate Workshop(s) (energy summit follow-up) . COMPLETED Q2: March
specified & recognized PUCO...Feb. 2012 Workshop hosted 3/9, more
technology with an installed . Develop consensus on the policy direction ( Ohio CHP being planned
capacity target in the new Coallition) ....Spring ,2012 . Ongoing (undetermined
Governor’s energy plans , . Policy reform introduced from Gov Office to Legislature consensus amongst coalition,
Ohio energy regulations, Ohio and/or PUCO.... Spring 2012 testimony to be heard by state
energy legislation. . Provide educational and technical support to the senate in April on SB 315

. Inclusion of CHP as a viable Coalition (biweekly conference calls, white paper(s) . COMPLETED Q2: Gov. Kasich
approach to meet Boiler MACT identifying issues and suggested actions to be introduced energy plan (SB 315)
Regs considered: rate structures /jobs ..Ongoing on 3/22

. Initiate Boiler MACT activities with PUCO .... Winter . Ongoing
2012 . Initiated March, additional
. Complete Policy Options Paper (standby milestones being set
rates)..Spring2012 . Ongoing (to be published in May
2012)
lllinois . Initiate the implementation of a | « Partnership with AIEC, identification of 2 CHP sites & . Ongoing (Working with Iron
minimum of two biogas CHP initiation of engineering studies (includes 3 planned Street Farms & Downstate
projects with the Association of workshops).....Fall 2012 Community Digester Ag Project,
lllinois Electric Cooperatives . Successful start-up of minimum 2 additional CHP biogas 3 workshops co-sponsored on
securing their commitment to sites...Fall 2012 2/3, 2/9, 2/10)
biogas CHP within the state . lllinois Power Authority commitment to WHR as . Ongoing (working with Fox River
and expanding biogas CHP approved technology for RPS (long term Grove WWTF (100 kW) and
within the state contracts)....Spring 2012 Danville WWTF (100 kw))

. Bring the Ohio model to lllinois | * IDEA workshop on Community Energy Development . Ongoing
(ELPC, IEC, NRDC, others) Guide...(Chicago) --- District Energy/CHP as . Ongoing

. Expand educational activities redevelopment tool ....June, 2012
to identify new CHP avenues . Develop plan for bringing Ohio model to lllinois ... Fall . Not yet started
within the state: 2012

. Inclusion of CHP as a viable
approach to meet Boiler MACT
Regs

Wisconsin . Re-engage the SEO, include . Identify and implement outreach activities with SEO and | * Workshops delayed till fall
CHP in their energy programs. targeted markets (Breweries, Food Processing,

. Continue technical support on Livestock, WWTF).. Ongoing efforts with potential
high visibility CHP/WHR webinars by spring/summer 2012
projects (target markets . Min 2 project profiles from tech assistance efforts ... . Initiated work on one project
remain biogas and pulp/paper) ongoing profile (March), Gundersen

. Inclusion of CHP as a viable Lutheran Health System in
approach to meet Boiler MACT Onalska, WI (completion
Regs expected May 2012)

lowa . IEC & ELPC introducing utility . Rate study analysis completed (best practices).. Spring . COMPLETED: submitted Feb
rate reform to PUC 2012 . Ongoing

. SEO/Industry sponsored . CHP Market Impact Analysis .. Summer 2012 . COMPLETED: first meeting held
education webinars . Settlement agreement meeting ..Summer 2012 3/7 in Des Moines

. CHP as a viable approach to . IEC & ELPC submittal of reform request to PUC ... Fall . Ongoing
meet Boiler MACT Regs 2012

. 1 Targeted webinar .. Summer/Fall . Not yet started

Minnesota . Inclusion of CHP/WHR in SEO | - Rate study / net metering paper(s) for SEO.. Summer . Not yet started
programs and 2012

recommendation to PUC for . Reform recommendations to PUC .. Fall 2012 . Not yet started

DG policy reform
CHP as a viable approach to
meet Boiler MACT Regs




Indiana

NIPSCO initiate pilot FIT for CHP
similar to existing pilot FIT for
renewables

NIPSCO agreement to proceed with pilot FIT request to Utility
Commission .....Winter 2012

Not yet started

Michigan Expanded CEAC work in Michigan Identify and initiate expanded CHP opportunities for CEAC Not yet started
involvement ....Fall 2012

Kansas Support CHP activities as required Nothing identified at this time

Missouri

Nebraska

North Dakota
South Dakota

Boiler MACT . Training Session ...Jan. 2012 . Completed

. Develop Implementation Plan .... March 1%, 2012 . Ongoing

. Method of Screening Opportunities . Ongoing (test case Ohio)

. Materials Development . Ongoing (test case Ohio)

. Method of Contacting Opportunities (including site visits) | Ongoing (test case Ohio)

. Resources Split (internal versus subcontracts)

. Implementation ..... Spring 2012 . Resources identified

. Ohio Test Case: Work with PUC Ohio — January 2012 . Pilot underway in Ohio

. Work underway — initiated March

SEEAction Planned FY 12/FY 13 Activities/Milestones

Lead the development of CHP version of Policy Guide
Provide assistance to Hdgtrs in development of white

papers and policy guide book.. ongoing

Participate in the Development & Implementation of 2

Regional Utility/Regulatory Workshops (MW & SE)

Lead shifted to Eric by DOE Hdqtrs
Ongoing

Ongoing coordination with MEEA

Market Sector
Development

Market Sector Business Plans

Plan development participation:

Hospitals — NE lead....Spring
o  Project Profile
o  White Paper
WHR - Pacific lead....Spring
Biomass — NW lead....Spring

. Ongoing (participated on
conference calls, reviewed drafts,
provided comments)

. Ongoing ((participated on
conference calls, reviewed drafts,
provided comments)

. Ongoing (participated on
conference calls, reviewed drafts,
provided comments)

Other

Educational Materials

Updated CHP Resource Guide

Project Profiles

. Outline to be submitted to DOE
for review in April 2012
. Ongoing




Industrial/Commercial/Institutional Boiler MACT

Combined Heat and Power
A Technical & Economic Compliance Strategy

January 17, 2012
John Cuttica, Midwest Clean Energy Application Center
Bruce Hedman, ICF International
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ICI Boiler MACT

= Standards for hazardous air pollutants from major sources:
industrial, commercial and institutional boilers and process
heaters (excludes any unit combusting solid waste)

= Major source is a facility that emits:
° 10 tpy or more of any single Hazardous Air Pollutant, or 25 tpy or more of
total HAPs
= Emissions limits applicable to new and existing units > 10
MMBtu/hr
° Mercury (Hg)

° Particulate Matter (PM) as a surrogate for non-mercury metals
(alternative limits for total selective metals (TSM))

° Hydrogen Chloride (HCI) as a surrogate for acid gases

°  Carbon Monoxide (CO) as a surrogate for non-dioxin organics)

a1 or B
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Impacts of the Boiler MACT

= Compliance straight forward for natural gas fired units
(tune-ups)

= Rule significantly impacts oil, coal and biomass boilers
and process heaters

= Controls are potentially required for Hg, PM, HCl and CO

= Emissions limits must be met at all times except for start-
up and shutdown periods

= Also includes monitoring and reporting requirements

= Limits are economically challenging for oil and coal units

BT —
F& ' Midwest Clean Energy Application Centes
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Compliance Options

= The specific emissions limits depend on fuel type and combustor
design, but all pollutants within a group (Hg, PM, HCl, CO) can be
controlled with the same measures

= Required compliance measures for any unit depend on current
emissions levels and control equipment already in place

= Fabric filters and activated carbon injection are the primary
control devices for Hg

= Electrostatic precipitators may be required for units that need
additional control for PM or TSM

= Wet scrubbers or fabric filters with dry injection are primary
controls for HCI

= Tune-ups, replacement burners, combustion controls and
oxidation catalysts for CO and organic HAPs control

T T p—
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Potential Opportunity for CHP?

= Compliance with MACT limits will be expensive for
many coal and oil units - some users will consider
switching to natural gas

= Potential opportunity to move to natural gas CHP
— Trade off of benefits and additional costs

— Economics now based on incremental investment over
compliance costs

Affected units (EPA ICR Database — all facilities)
— 616 coal units ($2.7 Billion capital cost)

— 903 liquid fuel units ($1.7 Billion capital cost)
— 508 biomass units ($0.6 Billion capital cost)

™ LS. Dipasruatsa v Esg
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Affected
Industrial/Commercial/Institutional Boilers

Number of Facilities 652

Fuel Class # Units (h/?:/l’;‘j%r)
Coal 495 131,526
Heavy Liquid 287 38,020
Light Liquid 202 19,926
Biomass 442 97,131
Process Gas 78 21,146
Total 1,504 307,749

Excludes non-continental liquid, Gas 1 (NG/RG) and limited use units

a1 or B
s Michwest Clean Energy Application Center




Facilities with Affected Boilers by
Region

q Number of | Number of | Number of Nufnber Y pameeret
Region " Biomass Process Gas
Facilities Coal Units Oil Units o

Units Units
187 242 114 55 53

Midwest

Southeast 270 153 200 248 7
Mid-Atlantic 56 68 58 14 18
North East 37 11 58 16 0
Mountain 8 10 7 0 0
Northwest 45 7 20 55 0
Gulf Coast 39 8 13 46 0
Pacific 10 1 19 8 9
Total 652 495 489 442 78

Includes only Industrial/Commercial/Institutional units

Affected Coal, Oil, and Process Gas Boilers
by Industry (drops biomass boilers)

Application
Mining (except Oil and Gas) 7 14 4,767
Food Manufacturing 64 134 27,745
Textiles 13 28 1,851
Wood and Furniture 18 27 2,508
Paper Manufacturing 87 149 48,566
Petroleum Refining 19 65 10,491
Chemical Manufacturing 74 199 34,347
Plastics and Rubber Manufacturing 22 54 4,500
Primary Metal Manufacturing 20 107 35,048
Transportation Equip. Manufacturing 23 80 11,151
Other Industrial 11 28 8,877
Educational Services 26 68 10,400
National Security and Int'l Affairs 9 64 4,695
Other Institutional 17 a5 5673
Total 410 1062 210,618

Includes only industrial, commercial and institutional boilers

mergy Application Centes s
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Affected Boilers in the Midwest
Fuel Type Number of Units Capacity (MMBtu/hr)
Coal 242 62,071
Heavy Liquid 63 10,351
Light Liquid 51 4,461
Process Gas 53 14,820
Total 409 91,705
Includes only coal, oil, and process gas industrial, commercial and institutional
boilers (drops out biomass boilers)
r"" [REN T
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Affected Coal, Oil, and Process Gas Boilers
in the Midwest

Number | Number |  Boiler
of of Capacity | E g
p Facilities | Units |(MMBtu/hr)| CHP Sites
5 14 2

Mining and Agriculture 4,397

Food Processing 42 89 20,299 19 676
Wood Products 4 8 421 0 0
Paper Products 29 55 13,716 19 739
Refining 5 10 857 il 40
Chemicals 21 48 7,135 2 6
Plastic and Rubber

Products 5 13 781 0 [
Primary Metals 9 64 23,529 5 547
Transportation Equipment 12 40 6,840 1 3
Other Industrial 11 27 6,787 2 24
Colleges/Universities. 13 34 6,294 9 268
Hospitals 1 3 191 1 1
Other Institutional 2 4 456 0 0
Total 159 409 91,705 61 2,439

PG VS Dirssmias o Eicy
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Affected Boilers in the Southeast

Fuel Type Number of Units Capacity (MMBtu/hr,

Coal 153 39,353
Heavy Liquid 110 11,716
Light Liquid 90 7,422
Process Gas 7 1,322
Total 360 59,814

Includes only coal, oil, and process gas industrial, commercial and institutional
boilers (drops out biomass boilers)

FG LS. Dirastiasa or Extvcr
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Affected Coal, Oil, and Process Gas Boilers
in the Southeast

Boiler

Application
Food Processing
Beverage and Tobacco 3 5 1,123 2 25
Textile Mills 8 16 1,387 0 0
Wood Products 8 10 412 0 0
Paper Products 36 60 24,612 25 1,706
Chemicals 31 102 17,028 6 301
Plastics and Rubber Products 1 30 2,354 0 0
Transportation Equipment 4 16 1,794 0 0
Other Industrial 8 24 2,801 1 40
Colleges and Universities 6 12 1,511 3 44
National Security and Int'l
Affairs 6 56 3,623 0 6
Other Institutional 5 13 910 0 0
Total 136 360 59,813 39 2,152

PG VS Dirssmuas o Esicy
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CHP as a Compliance Alternative

= Compliance with MACT limits will be expensive for
many coal and oil users

= Many are considering switching to natural gas
— Conversion for some oil units
— New boilers for most coal units

= Some are considering moving to natural gas CHP

— Potential for lower steam costs due to generating own
power

— Higher overall efficiency and reduced emissions

— Higher capital costs, but partially offset by avoided costs
for emissions controls or new gas boiler

FT U5 Diamana or Exrcy
s Midhwest Clean Energy Application Center
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Example - Affected Facility in Pennsylvania

= Four existing coal boilers at the site

Boiler Capacity mm Existing Controls

10.2 MMBtu/hr Coal 8000 Cyclone
17.0 MMBtu/hr Coal 8000 Cyclone
20.4 MMBtu/hr Coal 8000 Cyclone
20.4 MMBtu/hr Coal 4000 Cyclone

*  Average steam demand of 40 MMBtu/hr

*  Pays $0.08/kWh for power and $3.10 MMBtu for coal
= Projected compliance costs

*  Additional controls required for PM, HCl and CO

*  $4,100,000 Capital cost

«  $723,000 annual operating and maintenance costs

T T —
s Midhwest Clean Energy Application Center
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Comparative Steam Costs

Exlstlr}g Coal | New Na_tural Gas Natural Gas CHP
Boilers Boilers
60 60 60

Steam Capacity, MMBtu/hr

Avg Steam Demand, MMBtu/hr 40 40 40
Boiler Efficiency 76% 80% N/A
CHP Capacity, MW 0 0 8

CHP Electric Efficiency N/A N/A 29%
Fuel Use, MMBtu/year 416,842 396,000 752,993
Annual Fuel Cost $1,292,211 $2,772,000 $4,901,985
Annual O&M Cost $1,242,189 $502,920 $1,154,664
Annual Compliance O&M $723,000

Annual Electric Savings ($4,692,557)
Annual Steam Operating Costs $3,257,400 $3,274,920 $1,364,092

Based on delivered coal price of $3.10/MMBtu, natural gas price of $7.00/MMBtu,
and industrial electricity price of $0.08/kWh (CHP avoids 90% of retail rate)

I T —
s Midhwest Clean Energy Application Center
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CHP Paybacks

g |Natural Gas | Natural Gas
Coal Boilers| Boilers CHP

1 Annual Steam Operating Costs $3,257,400 $3,274,920  $1,364,092
2 Annual Operating Savings (coal compliance) $1,893,308
3 Annual Operating Savings (gas boiler) $1,910,828
4 Installed Costs $4,103,000 $2,643,750  $16,000,000
5

6 CHP Incremental costs (coal compliance) $12,000,000
7 CHP Payback (coal compliance) 6.3 years
8

9 CHP Incremental costs (gas boiler) $13,355,000
10 CHP Payback (gas boiler) 7.0 years

CHP Benefits

* Compliance with MACT Increase Electric Service Reliability
* Investment versus Operating Cost * Enhance Economic Competitiveness

= Payback between 6 and 7 years ® Reduce Carbon Emissions

= 115, Dirs
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Potential CHP Capacity

Number of Boiler CHP
Number of| Affected Capacity Potential

Fuel Type Facilities Units MMBtu/hr]

Coal 227 495 131,526 13,155
Heavy Liquid 120 287 38,020 3,803
Light Liquid 91 202 19,926 1,993
Process Gas 14 78 21,146 2,115
Total 452* 1062 210,618 21,065

*Some facilities are listed in multiple categories due to multiple fuel types;
there are 410 affected facilities

CHP potential based on average efficiency of affected boilers of 75%; Average
annual load factor of 65%, and simple cycle gas turbine CHP performance
(power to heat ratio = 0.7)

= |15 D
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Boiler MACT
Assistance Available

= List of available state incentives for emissions controls, energy
efficiency measures, boiler replacements/tune-ups, CHP, and
energy assessments (DOE)
° http://www1.eere.energy.gov/industry/states/pdfs/incentives_boiler mact.pdf
° Will be updated when final reconsidered rule signed

=  Extensive assistance materials for Area Source rule available from
EPA
° Tune-up guidance, fast facts, brochure, table of requirements, small entity
compliance guide, etc.

° www.epa.gov/ttn/atw/boiler/boilerpg.html
= DOE technical assistance for Major Source rule (when final
reconsidered rule signed)

° Site-specific technical and cost information for evaluation of clean energy
compliance options for facilities with coal/oil-fired boilers through Regional Clean
Energy Application Centers. Includes site visits.

norgy Application Center




Thank You!
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Biogas Renewable Energy
CHP Projects for Clinton County
Electric Coop Dairy Farmers:
Under Issues, ing Coi it Heat & Power

Opportunities, Increasing Energy Efficiency,
and Improving Your Bottom Line

Knotty Pine Restaurant e Breese, lllinois
February 3, 2012
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Thank You to All our Sponsors!
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Today’s Workshop Agenda

Regulations impacting operations
Implementing an anaerobic digester project
Investigating digester outputs

On-farm case study

Interconnection

Funding

Lunch

Q&A

Why is the U.S. DOE interested in
Combined Heat & Power (CHP)?

Look at our Current Efficiency in the Power Generation Sector

More than two-thirds of the
fuel used to generate power in

the U.S. is lost as heat

Is there a more efficient way?

Key Part of our Energy Future is CHP

What is Combined Heat and Power (CHP)?

Form of Distributed
Generation (DG)

An integrated system Traditional System CHP System
Located at or near a
building or facility | ELECTRICITY

Provides at least a portion

of the electrical load and

Recycles the thermal I HEAT

energy for
Space Heating / Cooling @ Efficiency Eﬂimency
Process Heating / Cooling

Dehumidification
Additional generation

CHP provides efficient, clean, reliable, affordable energy — today and for the future.




40 more Gigawatts of CHP by 20207
Snapshot of Existing U.S. CHP Installations

3,700 CHP Projects

558 CHP Projects

Saves 1.8 quads of
fuel each year

CO, reduction =
removing 430 GW coal plants

CO, reducation =
removing 42 million cars

4/29/2012

Where does CHP make sense?

1. Good Coincidence Between Electric and Thermal Loads
2. Central Heating/Cooling System

3. Large “Spark Spread” - Cost Differential Between
Electricity (Grid) and CHP Fuel

4. Long Operating Hours

5. Energy Concerns (current/future costs, power reliability,
facility efficiency/conservation, etc.)

6. Environmental Concerns

7. Renovation and/or expansion of existing facilities
2. Access to on-site or nearby biomass/biogas resources

e P i p—— oy e

Where are farm AD projects
located?

s fmm 575 e s Ty TN Miastos en o T
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161 farm scale projects
15 regional/centralized or multiple-farm projects

Enjoy the workshop!
0 Ask questions...

0 Get engaged...

o Network...

o Don't forget to complete the survey...
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Introduction to
Combined Heat & Power (CHP)

2012 NARUC Winter Meetings
February 6, 2012

Panel Discussion:
Combined Heat & Power — Panacea or Pandora’s Box

John Cuttica
Director, Energy Resources Center
University of Illinois at Chicago
US DOE Midwest Clean Energy Application Center
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www.midwe eanenergy.org

Combined Heat and Power

Conventional CHP

The onsite sequential
production of useful
electric and thermal
power from a single

dedicated fuel source

Traditional Energy System vs.
Conventional CHP System

CHP
80% efficiency

56 .
units
¥ N
45
units
Combined Efficiency Combined Efficiency
-51% -~ 80%

4/29/2012

Traditional Energy Systems

[ units J
M Power Plant Electricity
35 efficiency

56
units

Boiler/Furnace
80% efficiency

Combined Efficiency
~51%

Conventional CHP System

Electricity

CHP
809% efficiency

45
units

Combined Efficiency
~80%

Conventional CHP

What drives system efficiency in a
conventional CHP system?

Ability to utilize as much of the thermal energy as possible +
coincidence between electric and thermal loads

To ensure high system efficiency, how would
you size a conventional CHP system?

Size for thermal load and generate electricity when operating to meet
the thermal load

What maximizes the effectiveness of a
conventional CHP system?

Long operating hours + max efficiency = max savings/effectiveness




Combined Heat and Power

Conventional CHP Waste Heat Recovery CHP

Captures heat otherwise
wasted in an industrial /
commercial process and
utilizes it to produce
electric power.

The sequential
production of useful
electric and thermal
power from a single

dedicated fuel source

Waste Heat Recovery CHP

No additional fossil fuel (capturing waste heat as the fuel)
No incremental emissions

Like conventional CHP, power generated at site (DG)
Base load generation — industrials operate 24/7

High temp (> 800°F) is low hanging fruit industrial

Positive Impacts and Benefits
(Nation)
Provides immediate path to increased energy
efficiency and reduced GHG emissions

Offers low cost approach to new electricity
generation capacity and lessens need for new
T&D

Uses abundant, domestic energy sources

Uses highly skilled local labor & American
technologies

4/29/2012

Another Form of CHP =
Waste Heat Recovery,

Exhaust gases
entering the
atmosphere!

Capture the
exhaust gases
to generate
electricity!!!

Consume on-
! site or sell to
the grid...

Positive Impacts and Benefits
(U.S. Businesses)

Reduces energy costs for the user

Increases energy efficiency, helps manage
costs, maintains jobs

Reduces risk of electric grid disruptions &
enhances energy reliability

Provides stability in the face of uncertain
electricity prices

CHP Is Used at the Point of Demand
3,600 CHP Projects

sl

81,700 MW
B

A ”.

Saves 1.8 quads of
fuel each year

Eliminates 241 M tons of
CO, each year

| CO2 reduction & % 1 ] = o SR

CHP/WHR is an

equivalent to
eliminating forty 1,000

MW coal power plants Underutilized Resource!!!




Existing CHP Capacity
~ 8% US generating capacity

~ 12% total annual MWh
generated

Industrial applications represent
88% of existing capacity

Commercial/institutional
applications represent 12% of
existing capacity:
Hospitals, Schools, University
Campuses, Hotels, Nursing Homes,
Office Buildings, Apartment
Complexes,
Data Centers

4/29/2012

Snapshot

Existing CHP (82 GW) vs. CHP Potential (+132 GW) by Application

60,000

50000 CHP Potential
= Existing CHP

40,000

30,000

Capacity (MW)

20,000

10,000

. - i
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CHP Onsite Technical Potential Market

\,

‘9'

#'"‘\

D <1,000 MW

D 1,000 - 1,999 MW
. 2,000 - 4,999 MW

. >5,000 MW

Thank You

John Cuttica
(312) 996-4382
cuttica@uic.edu

www.midwestcleanenergy.org
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What’s Needed to Increase Market Share

Removal of state policy barriers (interconnection,
standby rates, etc)

Clear value proposition for electric utilities

Increased awareness of CHP benefits by end-
users, state decision makers, & policy makers

Supportive federal policies
Technology advancements




Strategic States and SEE-Action
Network for Industrial EE & CHP

Presentation to:
IDEA Business Development Workshop
February 6, 2012

Presentation by
John Cuttica
Director, Energy Resources Center
University of lllinois at Chicago
US DOE Midwest Clean Energy Application Center
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Presentation Outline

Description of the State Energy Efficiency (SEE)

Action Network

Industrial EE and CHP Working Group

First Year Activities

Examples of ongoing Clean Energy Application
Center (CEAC) State Policy Efforts

CHP as a Boiler MACT Compliance Strategy

The State and Local Energy Efficiency Action
Network (SEE-Action)

The Opportunity

Energy efficiency represents one of our nation’s largest untapped energy resources

Investing in cost-effective energy efficiency improvements could save hundreds of billions

of dollars nationally over the next 10-15 years*

State and local programs and policies are critical to capturing the benefits of efficiency:
Job creation and economic development
Reduced demand and need for new transmission and distribution investments; improved system reliability
Reduction in fossil fuel use; significant public health and environmental benefits

What is SEE Action?
A state- and local-led effort facilitated by US DOE and US EPA to take energy efficiency to
scale that builds on the National Action Plan for Energy Efficiency.**

SEE Action offers best practice recommendations and technical assistance to state and
local decision makers as they seek to advance energy efficiency in their jurisdictions

Goal: to achieve all cost effective energy effici by 2020

*McKinsey Global Energy and Materials (2009),
Unlocking Energy Efficiency in the U.S. Economy
**For more information visit wew.epa gov/eeactionplan

Decision Maker Action

SEE Action supports individuals and organizations seeking to reap
the benefits of energy efficiency through policies and programs:

Utility Regulators and their utility partners who can utilize efficiency as an
energy resource to ensure reliable, affordable energy for ratepayers

State and Local Policymakers including governors, legislators, and mayors,
who can implement effective energy efficiency policies and programs for their

communities

State Energy and Air Officials who can develop and implement cost-effective
energy efficiency programs to realize energy, cost, and emissions savings among

other benefits

State and Local Partners, including utilities and other energy efficiency program
administrators, financial institutions, energy services companies, industrial facility
and commercial building owners, and many others

SEE Action Network Structure

Executive Group Members:
Leadership/strategic direction and vision of
SEE Action Network

SEE Action’s Eight Working Groups:

Working Group Chairs:
Leadership of 8 priority issue areas.

DOE/EPA Staff Leads:
Support/coordination of Working Groups and
Executive Group.

Who is the Network?

Over 200 leaders from state and local government,
associations, business & industry, NGOs, and
others who provide visionary leadership, strategic
direction, and drive to reach the goal.

ip lists at energy.qo

SEE Action Working Group Priorities

+ Driving Ratepayer-Funded Efficiency
Through Regulatory Policies

Increase investments in energy efficiency
through ratepayer-funded programs.

+ Building Energy Codes

Increase the adoption of model and stretch
building energy codes, and increase
compliance with adopted codes for new and
renovated buildings.

+ Existing Commercial Buildings

+ Customer Information and Behavior
Decrease residential energy consumption through
behavior change, information, and feedback.

+ Evaluation, Measurement, and Verification
Transform EM&V to yield more accurate, credible,
and timely results that accelerate deployment and
improve management of energy efficiency.

+ Financing Solutions
Increase and improve energy efficiency financing
instruments and mechanisms in the residential

Improve energy efficiency in i I
public and private buildings by promoting
solutions for whole-building improvements such
as retr ing and high

leasing.

+ Residential Retrofit

Increase the number and effectiveness of
moderate income residential energy efficiency
programs nationwide, and support development
of a thriving home energy upgrade industry.

6

and ial sectors.

+ Industrial Energy Efficiency and Combined
Heat and Power (CHP)

Improve energy efficiency in the U.S.
manufacturing sector though programs and
policies that support industrial efficiency and
implementation of CHP.




SEE Action IEE/CHP Working Group

Chairs: Todd Currier, WA Energy Office & Greg White,
Commissioner — Michigan PSC

DOE/EPA staff leads: IEE (Sandy Glatt-DOE, Betsy
Dutrow-EPA) and CHP (Katrina Pielli-DOE, Neeharika
Naik-Dhungel-EPA)

Members include: ACEEE, ASE, NRDC, NYSERDA,
SoCal Gas, MW CEAC, Saint Gobain

Blueprint has Four Focus Areas:

Demand for Industrial Energy Efficiency & CHP
Build the Workforce

Promote Efficient Operations & Investment

Move the Market

4/29/2012

IEE / CHP Working Group Scope

IEE / CHP Working Group addresses:
Industrial sector/manufacturing:
Large-, medium-, and small-sized industries
Varying levels of energy intensity
Energy efficiency of systems and processes in terms of:
Energy intensity (as a measure of efficiency)
Combined Heat and Power (CHP)
Energy Intensity — energy consumption per unit of GDP. Chosen over solely

BTUs consumed because it does not include energy efficiency savings that
might occur due to industrial downsizing or other market events.

CHP — the simultaneous production of useful thermal and electric energy
from a single fuel source (dedicated fuel or waste heat recovered from
industrial equipment or processes).

IEE / CHP Working Group Goals

Note: The working group recognizes that the reduction may not be an annual
2.5% achievement, but a cumulative effort over time that equates to a 2.5%
annual reduction, on average, over the next 10 years.

Building Blocks to Meet the Goals

Promote Efficient
Operations &
Investment

Drive Demand for

|EE & CHP Build the Workforce

Move the Market

Key Solutions & Actions to Achieve the

Goals

Drive Demand for
IEE & CHP

Build the Workforce

Promote Efficient
Operations &
Investment

Move the Market

T
1. State, Local, & Utility
Programs for Industry
Programs that better meet the
needs of industry

2. State Policy Models
Broader adoption of model
policies

3. National Energy
Efficiency Policy

Enhance national policy with
regard to industrial energy
efficiency and CHP

4. Education & Outreach
Build corporate culture; foster
greater understanding of the
economic value of industrial
energy efficiency and CHP

5. Education & Workforce
Development

Identify industry's needs and
workforce needs; develop
new programs to address
needs

6. Develop Training &
Academic Curricula

From the plant floor to the
corporate level

7. Licensing &
Certification Protocols
Certified Energy Manager
(CEM); DOE Qualified
Specialists; Continuous
Energy Improvement, etc.

8. Financing Innovation
Loan guarantees, energy
service companies
(ESCOs), etc

9. Financial Incentives
Address industry ROI and
refit cycles

10. Technical Solutions
Improve availability of
energy efficiency and CHP
information and tools for
industry

11. Energy Management
Programs/Continuous
Energy Improvement
Ex: IS0 50001, Superior
Energy Performance (SEP),
ENERGY STAR, and others

12. Technology
Demonstration

Adoption of existing
technologies

13. Regulatory
Recommendations to
Support CHP

Offer comprehensive CHP
policies

14. Reduce Uncertainty
Related to State
Interconnection
Harmonization across broad
regions and states

15. Financing Reform
Depreciation rules and
‘Sarbanes-Oxley Act

Red = IEE and CHP solution 11
Purple = CHP only solution

Impact of IEE / CHP WG Goals

Energy, quadrillion primary Btu

Where We According to the Energy Information Administration,

Are Today: gross domestic product (GDP) growth estimates with
fixed energy intensity, the industrial sector will 46
consume 41.6* quads of primary energy in the year
2020 (Business as Usual).

Working Based on the McKinsey report, 13.4 quads of potential

Group Goals: industrial Btu savings by 2020 exist.** The working

group’s goals to reduce industrial energy intensity by

2.5% annually through 2020 and install 40 GW of new,

cost-effective CHP by 2020 will achieve a reduction of

10.4 quads.***

Scope: Reaching goals would capture 78% of the potential 30
energy efficiency in the industrial sector, leaving 3.0

quads to address through other activities.

Resulting 2020 Energy Use if all potential is addressed: 282

*Total industrial sector energy consumption includes refining-related efforts,

* The McKinsey non-transportation industrial estimates were used to calculate the potential for the full industrial sector.
2020 efficiency potential is based on an estimated 25.2% growth in GDP by 2020 (Annual Energy Outlook 2008) and
afixed industrial energy intensity (energy consumption per value of shipments) through 2020.
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IEE/CHP Working Group - First Year Activities

2012 Webinar Series
(http://www1.eere.energy.qgov/seeaction/iee.chp.webinars.html)

EPA Regulations and CHP (held January 17t)
Showcasing Model Utility IEE Programs (Feb 7t)
Elevating IEE Regulatory Issues for Commissioners (March 6t)

Successful State CHP Policies (Summer, 2012) — see below

Developing “Guide to Implementing Successful State
CHP Policies” & “IEE Model Programs & Policies Guide”

Regional (MW & SE) Utility/Industry Workshops
Overcoming |IEE and CHP Batrriers ..... Spring/Summer 2012

Engage Utility Regulators on Successful State Policies
(IEE and CHP)

U.S. DOE Clean Energy Application
Centers (CEACS)
Market Assessments: Supporting analyses of
CHP/WHR market potential

Education and Outreach: Information on benefits
and application to state and local policy makers,
regulators, energy end-users, utilities, others

Technical Assistance: Providing
technical information, site assessments,.
feasibility studies, technical & financial
analyses

Pacific CEAC --- California

Policy Issues --------- Education/Outreach/Tech Assistance ------- Status

Economic analysis of benefits
to state contributed to $250 M
extension

Initiated technical paper on
CHP and GHG reduction to
ensure “fair” treatment under
cap-and-trade policies
Completing CHP jobs

Self-Generation Incentive
Program (SGIP) Extension

Treatment of CHP under CA
Cap-and-Trade

Support for Governor’s
6.5GW CHP Installation Goal

Garner Support for Balanced
CA Energy Portfolio

creation/economic impact
analysis

Work to demonstrate how CHP,
energy efficiency, & renewable
can work together to move
away from centralized fossil
generation — CA 33% RPS

South East CEAC --- North Carolina

Policy Issues ---------| Education/Outreach/Tech Assistance ------- Status

Parity for CHP with Renewable © Fostered understanding among
Resources renewable & policymakers:

35% tax credit in place
Renewable & EE Std. incl. CHP

Tax incentive
Portfolio Standard

Revise public IOUs business Part of utility/industry team
model to recognize CHP as investigating the feasibility of

viable new generation capacity ~ Pilot program fostering
utility/industry partnership (Duke

Energy — potential docket 2012)

Efforts Include:
Collaboration ESCO, SEO, NCState,
Fort Bragg — Projects underway,
Tech. analysis on HB 906 — Third
Party Sale of Electricity —-Biomass
CHP

Third Party CHP Investment

Midwest CEAC --- Ohio

Policy Issues --------- Education/Outreach/Tech Assistance ------- Status

Northeast CEAC --- New York

Policy Issues ---------| Education/Outreach/Tech Assistance ------- Status

Education and technical support of
environmental & industrial coalition.
Strong policy recommendations:

New interested Gov and
Ohio PUC Chairman —
Energy Summit highlights

Preserve/expand resources
dedicated to CHP in 2012-
2015 (5yr) SBC IV Plan

Extensive education & support

efforts turned $0 allocation to $75M
for CHP acquisitions under SBC IV

CHP

More favorable inclusion of
CHP/WHR in the State
Advanced Energy Resource
Standard — SB 221

CHP as First Option
Considered in New
Generation Capacity Building
Access to low interest
financing

WHR as an eligible technology in RPS
Conventional CHP benchmark in

advanced technology section
AEP Energy Security Plan stipulates
350 MW of CHP

Integration into existing OAQDA

program or similar agency to administer

aloan program

Engage IOUs on recognizing © Collaborative with:
benefits of CHP as an National Grid to create “Principles
alternative to distribution Document” on non wires alternatives &

ital i pilot 2012 project.
system capital investments Con Ed on “CHP Zones" that would

create significant system benefits,
exploring new incentive designs.
Asked to partner with Mayor’s
Office to assist in implementation —
work starts in Feb 2012
Working with DASNY —
hospitals/universities

Promote realization of
800MW CHP goal — PlaNYC

Innovative Financing




CHP as a Boiler MACT Compliance
Alternative

Compliance with MACT limits will be expensive for many
coal and oil users

Retrofitting old boilers (pre mid 1970s) very difficult

Many are considering switching to natural gas
Conversion for some oil units
New boilers for most coal units

Some are considering moving to natural gas CHP
Potential for lower steam costs due to generating own power
Higher overall efficiency and reduced emissions

Higher capital costs, but partially offset by avoided costs for
emissions controls or new gas boiler
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CHP as a Boiler MACT Compliance
Alternative

Compliance with MACT limits will be expensive for many
coal and oil users

Retrofitting old boilers (pre mid 1970s) very difficult

Many are considering switching to natural gas
Conversion for some oil units
New boilers for most coal units

Some are considering moving to natural gas CHP
Potential for lower steam costs due to generating own
power
Higher overall efficiency and reduced emissions

Higher capital costs, but partially offset by avoided costs for

emissions controls or new gas boiler
20

Potential CHP Capacity

Coal 227 495 131,526 13,155
Heavy Liquid 120 287 38,020 3,803
Light Liquid 91 202 19,926 1,993
Process Gas 14 78 21,146 2,115
Total 452* 1062 210,618 21,065

*Some facilities are listed in multiple categories due to multiple fuel types;
there are 410 affected facilities

CHP potential based on average efficiency of affected boilers of 75%; Average
annual load factor of 65%, and simple cycle gas turbine CHP performance
(power to heat ratio = 0.7)

CHP Compliance Option - Potential Benefits

Compliance with MACT

Investment versus compliance cost/expenditure
More Favorable Paybacks

Increase electric service reliability

Enhance economic competitiveness (higher
efficiency plant)

Reduce Carbon Emissions

Potential partnership with Utilities facing EPA
power plant emission regulations

Thank You

John Cuttica
(312) 996-4382
cuttica@uic.edu

www.midwestcleanenergy.org
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Biogas Renewable Energy
CHP Projects for South-Central
Illinois Livestock Producers:
Under Issues, ing Coi it Heat & Power

Opportunities, Increasing Energy Efficiency,
and Improving Your Bottom Line

Keller Convention Center e Effingham, Illinois
February 9, 2012
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Today’s Workshop Agenda

Regulations impacting operations

Implementing an anaerobic digester (AD) project
Investigating digester outputs

Real life on-farm case study

Connecting to the grid

Available funding

Lunch

Q&A

Why is the U.S. DOE interested in clean and
renewable on-site power generation?

Look at our Current Efficiency in the Power Generation Sector

More than two-thirds of the

Source: DOE/ORNL

Is there a more efficient way?

CHP: A Key Part of our Energy Future

What is Combined Heat and Power (CHP)?

Form of Distributed
Generation (DG)

An integrated system Traditional System CHP System
Located at or near a
building or facility | ELECTRICITY

Provides at least a portion

of the electrical load and

Recycles the thermal I HEAT

energy for
Space Heating / Cooling Eﬁmency Eﬂimency
Process Heating / Cooling

Dehumidification Source: DOE/ORNL.

Additional generation

CHP provides efficient, clean, reliable, affordable energy — today and for the future.




40 more Gigawatts of CHP by 20207
Snapshot of Existing U.S. CHP Installations

3,700 CHP Projects

558 CHP Projects

Saves 1.8 quads of
fuel each year

uction =
30 GW coal plants.

CO, reducation =
removing 42 million cars

Source: ICF International

Why CHP and Anaerobic Digesters?

4/29/2012

What are the benefits of CHP
and when does it make sense?

' CHP does not make sense in Making sense when...

%but where it o Good coincidence between
does make technical and

electric and thermal loads
o Central heating/cooling system

o Large “Spark Spread” -
cost differential between electricity
(grid) and CHP fuel

o Long operating hours

Where are farm AD projects
located?

Hap ey P oy P2 5wne Q9 oy P nee R s

. Source: EPA AgStar www.epa.gov/agstar
161 farm scale projects

15 regional/centralized or multiple-farm projects

US DOE Regional Clean Energy
Application Centers (CEACs)

o0 US DOE Midwest Clean Energy
Application Center

o www.midwestcleanenergy.org
o DOE goal of 40 GW of CHP by 2020

o Today the center promotes the use
of CHP, District Energy, and Waste
Heat Recovery Technologies

O Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market Assessments .
FE U5 Do or Extecy

— Education and Outreach Midwest Clean Energy Application Center

— Technical Assistance

Enjoy the workshop!

0 Ask questions and get engaged...
o Network and utilize the available resources...

o Don't forget to complete the survey...

@g‘g@k%E

@ Shelby Electric

Y B _.....,‘,t.
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Biogas Renewable Energy
CHP Projects for South-Central
Illinois Livestock Producers:
Under Issues, ing Coi it Heat & Power

Opportunities, Increasing Energy Efficiency,
and Improving Your Bottom Line

Spoon River College Community Outreach Center
February 10, 2012 e Macomb, lllinois

Thank You to All our Sponsors!

p Assaciation of Illinois
@ Electric Lnop:udvu

oviraramaniad Lam & Py Carder
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Today’s Workshop Agenda

Regulations impacting operations

Implementing an anaerobic digester (AD) project
Investigating digester outputs

Real life on-farm case study

Connecting to the grid

Available funding

Lunch

Q&A

Why is the U.S. DOE interested in clean and
renewable on-site power generation?

Look at our Current Efficiency in the Power Generation Sector

Source: DOE/ORNL

Is there a more efficient way?

CHP: A Key Part of our Energy Future

What is Combined Heat and Power (CHP)?

Form of Distributed
Generation (DG)

An integrated system

Located at or near a
building or facility | ELECTRICITY

Provides at least a portion
of the electrical load and

Recycles the thermal

l HEAT
energy for

Traditional System CHP System

Space Heating / Cooling @ Efficiency 30% Eﬂimency
Process Heating / Cooling
Dehumidification e

Additional generation

CHP provides efficient, clean, reliable, affordable energy — today and for the future.




40 more Gigawatts of CHP by 20207
Snapshot of Existing U.S. CHP Installations

3,700 CHP Projects

558 CHP Projects

Saves 1.8 quads of
fuel each year

duction =
W coal plants

CO, reducation =
removing 42 million cars

Source: ICF International

Why CHP and Anaerobic Digesters?
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What are the benefits of CHP
and when does it make sense?

' CHP does not make sense in Making sense when...

%but where it o Good coincidence between
does make technical and electric and thermal loads

o Central heating/cooling system

o Large “Spark Spread” -
cost differential between electricity
(grid) and CHP fuel

o Long operating hours

Where are farm AD projects
located?

Hap ey P oy P2 5wne Q9 oy P nee R s

. Source: EPA AgStar www.epa.gov/agstar
161 farm scale projects

15 regional/centralized or multiple-farm projects

US DOE Regional Clean Energy
Application Centers (CEACs)

o0 US DOE Midwest Clean Energy
Application Center

o www.midwestcleanenergy.org
o DOE goal of 40 GW of CHP by 2020

o Today the center promotes the use
of CHP, District Energy, and Waste
Heat Recovery Technologies

O Strategy: provide a technology outreach program to end users,
policy, utility, and industry stakeholders focused on:

— Market Assessments .
X F4 U5, Drrsamaint or Extecy
— Education and Outreach Midhwest Clean Energy Application Center

— Technical Assistance

Enjoy the workshop!

0 Ask questions and get engaged...
o Network and utilize the available resources...

o Don't forget to complete the survey...
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Fuel Utilization by U.S. Utility Sector

CHP & WHR Technology Briefing
and Environmental Benefits

Tuesday, February 14, 2012

John Culttica More than two-thirds of the
R fuel used to generate
Director, Energy Resources Center ; N ls rtnr

University of lllinois at Chicago
US DOE Midwest Clean Energy Application Center

PR S, Drrasrist o Entecy

x\ Midwest Clean Energy Application Center
-

The energy lost in the U.S. from wasted heat in the utility

Traditional Energy Systems
Combined Heat and Power

Conventional CHP

L units Topping Cycle CHP

100 Central Station . Ty . L

ol Fuel | Power Plant Elpetricity - .
32% efficiency

Onsite Building
Boiler/Furnace
80% efficiency

54
units

The sequential
production of useful
electric and thermal

Combined Efficiency power from a single
~a9% dedicated fuel source

Conventional CHP System Traditional Energy System vs.
(Topping Cycle) Conventional CHP System

| units J
— Central Station A .
m Power Plant Elpetrlgly Conventional

Electigity Conventional 32% efficiency Combined

Combined Heat and units
Heat and Power
Power — - Onsite Building CHP-—
-——-CHP--- units Boiler/Furnace 75% efficiency
75% efficiency 80% efficiency

43 units
units Combined Efficiency Combined Efficiency
~ 49% ~75%

Combined Efficiency
- 75%
CHP provides efficient, clean, reliable, affordable energy —
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Conventional CHP CHP Role in Our Environmental Future
Impact on Carbon Emissions
What drives system efficiency in a

i ?
conventional CHP system? S B @ TOTAL @ —

- - . EMISSIONS
Ability to utilize as much of the thermal energy as possible +

coincidence between thermal and electric loads Kons/year Klons/year
To ensure high system efficiency, how would 106 RN
you size a conventional CHP system? m EECTRITY

Size for thermal base-load and generate electricity when operating to
meet the thermal load Boiler F
117 IMMBY

or
mrh | 147 WML
What maximizes the effectiveness of a

conventional CHP system? Example of e 0, saings potenl of CH based o

Long operating hours + max efficiency = max savings/effectiveness

Source: http://www.chpcentermw.org/pdfs/ORNL_Report_Dec2008.pdf

Waste Heat Recovery C
Combined Heat and Power

Capture the
exhaust gases
to generate
electricity!!!

Exhaust gases
entering the
atmosphere!

Waste Heat Recovery CHP
Bottoming Cycle CHP

Conventional CHP
Topping Cycle CHP

Consume on-
site or sell to
- . the grid...
The sequential Captures heat otherwise
production of useful wasted in an industrial /
electric and thermal commercial process and
power from a single - utilizes it to produce
dedicated fuel source electric power.
Waste Heat Recovery CHP CHP Nomenclature

No additional fossil fuel (capturing waste heat as the fuel)
No incremental emissions

Like conventional CHP, power generated at site (DG)
Base load generation — industrials operate 24/7

High temp (> 800°F) is low hanging fruit industrial

Waste Heat Recovery
CHP (WHR)
Bottoming Cycle CHP

Waste Energy
Recovery CHP (WER)
Waste Heat to Power
CHP (WHP)
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Positive Impacts and Benefits
(U.S. Businesses)

Reduces energy costs for the end-user

Increases energy efficiency, helps manage
costs, maintains jobs

Reduces risk of electric grid disruptions &
enhances energy reliability

Provides stability in the face of uncertain
electricity prices

Positive Impacts and Benefits
(Nation)
Provides immediate path to increased energy
efficiency and reduced GHG emissions

Offers low cost approach to new electricity
generation capacity and lessens the need for
new T&D

Uses abundant, domestic energy sources

Uses highly skilled local labor & American
technologies

CHP Is Used at the P0|nt of Demand

Saves 1.8 quads of
fuel each year

Eliminates 241 M tons of
CO, each year

CO2 reduction

equivalent to e O
eliminating forty 1,000 R 3 v CHP/WHR is an
Aiiccalucheguans ? nderutilized Resource!!!

Source: ICF International

CHP Onsite Technical Potential Market

Existing CHP (82 GW)
CHP Potential W/O Export (+132 GW)
'1\.

\ i

Source: ICF internal estimates . >5,000 MW
16

4—

<1,000 MW

] 1,000 1,999 Mw
[ 2000-4.999 MW

Snapshot of Ohio CHP Market
| curent | Potential |

CHP Implementation in Ohio 766.6 MW 9,800 MW
CHP % of Total Ohio Electric Generation 2.3% 29.4%
Nationally, CHP % of Total Generation 8.0%
g\

Paper 2,329 CHP Technical Potential

Chemicals 2,838

Primary Metals 430

Food 310

Other Industrial 767

Commercial/Institutional 3,082

Total 9,800

Attractive CHP Markets

@20 6

Industrial Commercial Institutional Agricultural
Chemical Data centers Hospitals Concentrated
manufacturing Hotels and casinos Landfills animal feeding
Ethanol Multi-family housing Universities & operations
Food processing Laundries colleges Dairies
Natural gas pipelines Apartments Wastewater ‘Wood waste
Petrochemicals Office buildings treatment (biomass)

P i Refri Residential
Pulp and paper warehouses confinement
Rubber and plastics Restaurants

Supermarkets
Green buildings




CHP Represents a Cost-Effective
Electricity Resource in Ohio

Costof Delivered Electricity - Ohio

FHITINI

©
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{9 CHP thermal creit reflects the cost of boiler fuel
avoided by capturing and using the waste heat from CHP

4/29/2012

CHP as a Boiler MACT Compliance
Alternative
Compliance with MACT limits will be expensive for many
coal and oil users
Many are considering switching to natural gas
Conversion for some oil units
New boilers for most coal units
Some are considering moving to natural gas CHP (gas
turbine system)

Potential for lower steam costs due to generating own
power

Higher overall efficiency and reduced emissions

Higher capital costs, but partially offset by avoided costs for
emissions controls or new gas boiler

Investment rather than control cost

MACT Affected Boilers in the Midwest

Coal 398 84,495
Heavy Liquid 82 11,760
Light Liquid 79 6,487
Biomass 67 8,705
Process Gas 1 18,892
Total 697 130,339

Includes industrial, commercial and institutional boilers only

What’s Needed to Increase Market Share

Removal of state policy barriers (interconnection,
standby rates, etc)

Clear value proposition for electric utilities

Increased awareness of CHP benefits by end-
users, state decision makers, & policy makers

Supportive federal policies
Technology advancements

DOE Clean Energy Application Centers: Locations, Contacts, and Web Sites

MEDWEST
O i

NG . hoRmueasT
"\ u

Thank You

John Cuttica
(312) 996-4382
cuttica@uic.edu

www.midwestcleanenergy.org
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U.S. Department of Energy
Boiler MACT Technical Assistance
Pilot Program

Public Utilities Commission of Ohio (PUCO) Educational Forum
March 9, 2012

John Cuttica
Director, Energy Resources Center
University of lllinois at Chicago
US DOE Midwest Clean Energy Application Center

P ULS, Derarmaant of Enircy

s Midwest Clean Energy Application Center
-

Presentation Outline

What is Combined Heat and Power (CHP)
Status and Opportunity of CHP in the US and Ohio
Boiler MACT and CHP as a Control Strategy

U.S. DOE Boiler MACT Technical Assistance Pilot
Program

U.S. DOE Clean Energy Application Centers

L U5, Dt o Lsamcy
B, Michwest Clean Energy Application Centes

DOE Boiler MACT Technical Assistance
Team

Katrina Pielli --- DOE Headquarters

Patti Garland --- Oak Ridge National Laboratory
Bruce Hedman & Ann Hampson --- ICF International
John Cuttica & Cliff Haefke --- Midwest CEAC

Jim Freihaut --- Mid Atlantic CEAC

Tom Bourgeois --- Northeast CEAC

Isaac Panzarella --- Southeast CEAC

L US. Dot o Lsamcy
B, Michwest Clean Energy Application Centes

Presentation Message / Take Away

Combined Heat & Power (CHP) is an important energy resource
that provides
Benefits for U.S. Industry
Reduces energy costs for the user
Reduces risk of electric grid disruptions
Provides stability in the face of uncertain electricity prices

Benefits for the Nation
Provides immediate path to increased energy efficiency and
reduced GHG emissions
Offers a low-cost approach to new electricity generation capacity
and lessens need for new T&D infrastructure
Enhances grid security
Enhances U.S. manufacturing competitiveness
Uses abundant, domestic energy sources
Uses highly skilled local labor and American technology

L U5, Dt o Lsamcy
B, Michwest Clean Energy Application Centes

Presentation Message / Take Away

Ohio has significant CHP potential — 9,800 MW
Today, Ohio has only 766 MW of CHP installed

Current circumstances have highlighted the role additional CHP
can play in the energy resource mix & achieve above benefits
Coal power plant retirement announcements
Boiler MACT opportunity for new CHP
Focus on maintaining and increasing manufacturing in the US

DOE currently provides technical information and assistance,
market development, and education on CHP, Waste Heat
Recovery, and District Energy options through its 8 regional Clean
Energy Application Centers (CEACS)

L US. Dot o Lsamcy
B, Michwest Clean Energy Application Centes

Presentation Message / Take Away

DOE, through the CEACs, is supplementing this ongoing effort by

providing site-specific technical and cost information on clean

energy compliance strategies to those major source facilities

affected by the Boiler MACT rule currently burning coal or oil.
These facilities may have opportunities to develop compliance
strategies, such as CHP, that are cleaner, more energy efficient, and
that can have a positive economic return for the plant over time

DOE Boiler MACT Technical Assistance program is being piloted
in Ohio now, and will be rolled out nationally when the EPA rule
reconsideration process is complete (Spring 2012)

http://www1.eere.energy.gov/manufacturing/distributedenergy/boilermact.html

L U5, Dt o Lsamcy
B, Michwest Clean Energy Application Centes




Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventional CHP
(also referred to as Topping Cycle CHP or Direct Fired CHP)

Conventional
CHP System

Min. eff. = 60%
Typical eff. 70% - 80%

#L U5, Ot oo Lsancy
B, Midwest Clean Eneeiy Application Centes

= Simultaneous generation of heat
and electricity

= Fuel is combusted/burned for the
purpose of generating heat and
electricity

= Normally sized for thermal load
to max. efficiency — 70% to 80%

= Minimum efficiency of 60%
normally required

= Normally non export of electricity

= Low emissions — natural gas

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Waste Heat Recovery CHP
(also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

_——m e m —————— = Fuel first applied to produce useful

thermal energy for the process
Steam Turbine

1

1 = Waste heat is utilized to produce
I electricity and possibly additional
| thermal energy for the process
1

1

1

= Simultaneous generation of heat and
Heat recovery ..
E|eCtrICIty
e e - = No additional fossil fuel combustion

Waste heat from the

(no incremental emissions)
industrial process

= Normally produces larger amounts

Energy N ¢
Intensive electric generation (often exports
Industrial electricity to the grid; base load

Process electric power)

Heat produced for the
industrial process = Required high temperature (> 800°F)
(low hanging fruit in industrial plants)

#L U5, Ot oo Lsancy
A Midwest Clean Energy Application Centes

Defining Combined Heat & Power (CHP)

The on-site simultaneous generation of two forms of energy
(heat and electricity) from a single fuel/energy source

Conventional CHP
eferred to as Topping CHP or Direct Fired CHP)

Conventional
CHP System

e

[ LS. Dvraainant o0 Lsamoy
&, Midwest Clean Eneegy Application Center

Two (2) Forms of CHP

Waste Heat Recovery CHP
(also referred to as Bottoming Cycle CHP or Indirect Fired CHP)

Energy
Intensive
Industrial
Process

CHP Is Used at the Point of Demand

‘Saves 1.8 quads of
fuel each year

Eliminates 241 M tons of
CO, each year

CO2 reduction
equivalent to
eliminating forty 1,000

MW coal power plants

CHP/WHR is an
Underutilized Resource!!!

L avrelineriian
- Mighwest Clean Energy Application Cenles

Existing CHP Capacity

o

~ 8% US generating capacity

o~ 12% total annual MWh
generated

o Industrial applications represent
88% of existing capacity

o Commercial/institutional
applications represent 12% of
existing capacity:

Hospitals, Schools, University
Campuses, Hotels, Nursing Homes,
Office Buildings, Apartment
Complexes, Data Centers, Fitness
Centers

#L U5, Ot oo Lsancy
B, Midwest Clean Eneeiy Application Centes

12%
Commergialf 14%
Insttutional Paper
B%
Food
L 1%
5% Patroleum
Primary Matals Refining

8%
Other Manulacturing

6%
Other ivdustrizl

0%
Chemical

Source: ICF International

CHP Onsite Technical Potential Market

D <1,000 MW

D 1,000 - 1,999 MW
. 2,000 - 4,999 MW

- >5,000 MW

Source: ICF internal estimates 12




Snapshot of Ohio CHP Market
| cCurrent | Potential

CHP Implementation in Ohio 766.6 MW 9,800 MW
CHP % of Total Ohio Electric Generation 2.3% 29.4%
Nationally, CHP % of Total Generation 8.0%
Gen. Potential
Paper 2,329 CHP Technical Potential
Chemicals 2,838 ¥ -
Primary Metals 430
Food 310
Other Industrial 767
Commercial/Institutional 3,082
Total 9,800
% LS, Duraamnant oo Lsamoy
‘., Midhwest Clean Energy Application Center

Attractive CHP Markets

Industrial Commercial Institutional Agricultural
Chemical Data centers Hospitals Concentrated
manufacturing Hotels and casinos Landfills animal feeding
Ethanol Multi-family housing Universities & operations
Food processing Laundries colleges Dairies
Natural gas pipelines Apartments Wastewater Wood waste
Petrochemicals Office buildings treatment (biomass)
Pharmaceuticals Refrigerated Residential
Pulp and paper warehouses confinement
Rubber and plastics Restaurants

Supermarkets

Green buildings

o LY ey

&, Michwest Clean Energy Application Centes

CHP Represents a Cost-Effective
Electricity Resource in Ohio

Costof Delivered Electricity - Ohio

Cont e Gamerate Power
et delivsted)

- CHP thermal credit reflects the cost of boiler fuel

B, Michwest Clean Energy Application Center

[TL e—

avoided by capturing and using the waste heat from CHP

EPA ICI Boiler MACT

Three rules. DOE effort focused on Major Source Boiler MACT

Standards for hazardous air pollutants from major sources: industrial,
commercial and institutional boilers and process heaters (excludes any
unit combusting solid waste)

Major source is a facility that emits:

10 tpy or more of any single Hazardous Air Pollutant, or 25 tpy or more of
total Hazardous Air Pollutants (HAPs)

Emissions limits applicable to new and existing units > 10 MMBtu/hr
Mercury (Hg)

Particulate Matter (PM) as a surrogate for non-mercury metals (alternative
limits for total selective metals (TSM))

Hydrogen Chloride (HCI) as a surrogate for acid gases

Carbon Monoxide (CO) as a surrogate for non-dioxin organics

S US. D ¢

. Mishwest Clean Energy Application Centes

B, Michwest Clean Energy Application Center

Impacts of the Boiler MACT

Compliance straight forward for natural gas fired units (tune-
ups in lieu of more rigorous control options)

Refinery and blast furnace gases are treated as natural gas

Rule significantly impacts oil, coal and biomass boilers and
process gas boilers

Emissions limits must be met at all times except for start-
up and shutdown periods

Controls are potentially required for Hg, PM, HCl and CO
Also includes monitoring and reporting requirements

Limits difficult (technically and economically) for oil and
coal units

LS. Dot cw Loa

Standard Compliance Measures

Mercury (Hg): Fabric filters and activated carbon injection are the
primary control devices

Particulate Matter (PM): Electrostatic precipitators may be required
for units to meet emission levels

Hydrogen Chloride (HCl): Wet scrubbers or fabric filters with dry
injection are the primary control technologies

Carbon Monoxide (CO): Tune-ups, replacement burners, combustion
controls and oxidation catalysts are the preferred control
technologies

Required compliance measures for any unit depend on current
emissions levels and control equipment already in place

S US. D ¢
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Affected Facilities by CEAC Region

Number of | Number of

Number of | Number of | Number of

EEACIKeEID Facilities | Coal Units | Oil Units Bion:nass
Units

Gulf Coast 46 10 11 48 8

Intermountain 16 19 11 0 0

Mid-Atlantic 133 126 152 32 23
Midwest 264 378 159 64 59
Northeast 85 23 149 23 6

Northwest 78 20 30 89 0

Pacific 23 5 16 32 0

Southeast 326 179 224 317 15
Total 971 760 752 605 111

The data in this chart is still being refined
= This table includes only industrial/commercial/institutional boilers

= There are 217 affected utility facilities not included in this table

© 2011 ICF International. Expanded Database. All rights reserved.

Affected Boilers in the Midwest

Fuel Type Number of Units | Capacity (MMBtu/hr)
Coal 378 80,902

Heavy Liquid 82 11,760

Light Liquid 77 6,427
Biomass 64 8,128

Process Gas 59 15,292

Total 660 122,509

The data in this chart is still being refined
Includes industrial, commercial and institutional boilers only

" 105 Dot o Esancy © 2011 ICF International. Expanded Database. All rights reserved.
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Affected Boilers in Ohio

Fuel Type Number of Units | Capacity (MMBtu/hr)
Coal 76 12,202

Heavy Liquid 5 563

Light Liquid 10 1,579
Biomass 6 1,106
Process Gas 13 4,114

Total 110 19,565

The data in this chart is still being refined

Includes industrial, commercial and institutional boilers only

FE LS. Dot o L
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Affected Coal and Oil Boilers in Ohio

- " Capacity
M (MMBtu/hr)
5 9

Food

1,150
Paper 7 15 2,195
Petroleum and Coal 1 2 108
Chemicals 10 21 2,856
Plastics and Rubber 2 5 740
Primary Metals 2 3 1,347
Fabricated Metals 3 7 716
Machinery 1 4 400
Transportation Equip. 5 16 3,383
Educational Services 4 9 1,450
Total 40 91 14,345

The data in this chart is still being refined

FE - US. Drrsant o L
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CHP as a Compliance Strategy

Compliance with MACT limits will be expensive for many coal
and oil users (standard compliance measures)

May consider converting to natural gas
Conversion for some oil units
New boilers for most coal units?

May consider moving to natural gas fueled “Conventional
CHP” (trade off of benefits versus additional costs)
Represents a productive investment
Potential for lower steam costs due to generating own power
Higher overall efficiency and reduced emissions

Higher capital costs, but partially offset by required compliance costs
or new gas boiler costs

F4 o US Dosman o Lan
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Potential CHP Capacity

Number | Number of Boiler CHP.

of Affected Capacity | Potential
Fuel Type Facilities Units MMBtu/hr, (MW)
Coal 333 760 177,435 17,746
Heavy Liquid 194 422 52,358 5,237
Light Liquid 145 330 29,495 2,950
Total 672* 1,512 259,288 25,933

The data on this chart is still being refined

*Some facilities are listed in multiple categories due to multiple fuel types;
there are 621 ICl affected facilities

CHP potential based on average efficiency of affected boilers of 75%; Average
annual load factor of 65%, and simple cycle gas turbine CHP performance
(power to heat ratio = 0.7)
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DOE Boiler MACT
Technical Assistance Program
(Ohio Pilot)

The U.S. DOE Midwest CEAC will supplement its normal
CHP services by:

Providing site specific technical and cost information to the 40+
major source facilities (~ 90 to 100 boilers) in Ohio currently burning
coal or oil (Decision Tree Analysis)

Meeting with willing individual facility management to discuss “Clean
Energy Compliance Strategies” including potential funding and
financial opportunities.

Assisting interested facilities in the implementation of CHP as a
compliance strategy

B, Mishwest CL m:-nn,..mmn Cenler

DOE Boiler MACT
Technical Assistance Program

Site specific “Decision Trees” will include:
Facility Info
Site Financial Data
Contact Info
Boiler Unit Data
Compliance Control Requirements
CHP as an Alternative Compliance Option
Comparative Cost of Compliance Options
CHP Payback
Available Financial Options

, Midwest Clean Energy Application Contes

Decision Tree Analysis Example
XXXX Co. (Ohio)

Existing Boilers

Total Capacity | Primary Year o
MMBtu/hr Fuel Installed EXEUneleuniicls
156 Coal 8,400 1,960  Electrostatic Precipitator
245 Coal 8,539 1,968 Electrostatic Precipitator

Average steam demand of 240 MMBtu/hr
Pays $0.07/kWh for power and $2.50 MMBtu for coal

Projected compliance costs
Additional controls required for PM and CO
$17,921,813 Capital cost
$3,111,500 annual operating and maintenance costs of controls

FL U, Ot o
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Comparative Costs

Existing Coal | New Natural Gas Natural Gas CHP
Bculers Bmlers

Steam Capacity, MMBtu/hr input

Avg Steam Demand, MMBtu/hr 240 240 240
Boiler Efficiency 75% 80% N/A
CHP Capacity, MW 0 0 25%
CHP Electric Efficiency N/A N/A 32%
Fuel Use, MMBtu/year 2,720,000 2,550,000 3,404,334
Annual Fuel Cost $5,984,000 $15,300,000 $20,426,003
Annual O&M Cost $8,105,600 $3,238,500 $4,990,500
Annual Compliance O&M $3,111,500

Annual Electric Savings ($12,622,500)
Annual Steam Operating Costs $17,201,100 $18,538,500 $12,794,003
Capital Costs $17,921,500 $14,800,000 $35,000,000

Calculations based on delivered coal price of $2.50/MMBtu, natural gas price of $6.00/MMBtu,
and industrial electricity price of $0.07/kWh (CHP avoids 90% of retail rate)

* Steam demand could support 50 to 55 MW CHP system; system designed to meet the facility
electric load of 25 MW (non-export mode)

FL U Ot o
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CHP Paybacks

Existing Coal | Natural Gas | Natural Gas
Boilers Boilers CHP

Annual Steam Operating Costs $17,201,100 $18,538,500 $12,794,003

Annual Operating Savings (coal compliance) $4,407,097
Annual Operating Savings (gas boiler) $5,744,497
Installed Costs $17,921,500 $14,800,000 $35,000,000
CHP Incremental costs (coal compliance) $17,078,500
CHP Payback (coal compliance) 3.9 years

CHP Incremental costs (gas boiler) $20,200,000
CHP Payback (gas boiler) 3.5 years

FL U, Ot o
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Frequently Asked Questions

How accurate is the Decision Tree Analysis results?
The results are only as good as the assumptions utilized. We expect the
facilities will update the assumptions after the one-on-one meetings.

What are the sources of the facility and unit data assumptions?

ICR — Survey data on boilers, process heater and other combustion units, submitted to
EPA (facility & unit level data)

ECHO — EPA Enforcement & Compliance History Online database (facility level data
on major source polluters)

REPIS — NREL Renewable Electric Plant Info System database (facility and unit level
data for biomass facilities)

MIPD — Major Industrial Plant database (facility data for large industrial plants
LBDB — Large Boiler database (facility & unit level data — boilers > 250 MMBtu/hr
ELECUTIL — ICF Electric Utility database (facility & unit level data for utility boilers

FL U Ot o
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Frequently Asked Questions

What is the value of an option that has such a significantly larger
first cost?
Investment (with payback) versus a cost - higher efficiencies & lower
emissions — potential for lower steam costs
As a “rule of thumb,” which boilers are most favorable for a CHP
control strategy?
Older coal and oil boilers where installing standard control technologies
and/or converting the existing boiler to natural gas is very expensive.
If the facility wants to further explore CHP, what specific services
can the CEAC provide?

Assist in scoping the project (level 1 sizing, costs, design options);
assist in securing needed engineering, financial and installation support

U5, Duaarsant oo Lsamcy
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Next Steps — Ohio

Midwest CEAC will send letters to all affected Ohio facilities
explaining the pilot program, providing contact info, and urging them
to contact the Midwest CEAC (March)

Midwest CEAC will call all major sources that use coal or oil to set-
up one-on-one meetings (March)

Site visits will be made to those interested major source facilities that
use coal or oil to meet and discuss their “Decision Tree” and CHP
opportunity (ASAP starting immediately)

Continue technical assistance as appropriate

Want to work with in-state trade associations, utilities and others to
spread word

DOE Boiler MACT Technical Assistance information:

http://www1.eere.energy.gov/manufacturing/distributedenergy/boilermact.html

LS. Dusisant cw Loa

Ohio Effort

“Because of coal plant retirements, educating consumers on
combined heat power is of particular interest to the PUCO. A
facility’s decision to invest in CHP may constitute a rational
market response that not only benefits the facility but which
will also supports grid reliability in Ohio.”

Public Utilities Commission of Ohio
Chairman Todd Snitchler
February 23, 2012

http://www.puco.ohio.gov/puco/index.cfm/industry-information/industry-topics/us-doe-pilot-

program-for-combined-heat-power/
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CEAC Mission and Focus

CEAC Mission: Develop technology application knowledge and
the educational infrastructure necessary to promote “clean
energy” technologies as viable energy options and reduce any
perceived risks associated with their implementation.

CEAC Focus: Assist in transforming the market for
CHP, WHR, and DE technologies and concepts
throughout the United States by providing:

Technical
Assistance

Education &

Market Analysis
Qutreach

& Evaluation

S US. D ¢
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DOE Clean Energy Application Centers: Locations, Contacts, and Web Sites

DOE Clean Energy
Application Cente:
Program Contacts

DOE & Midwest CEAC Contacts

DOE Headquarters Midwest CEAC

U8, DEPARTMENT Of -
ENERGY =N uic

PR,
Energy Efficiency & - s5E ..|E|. S OF ENGINEERING
Renewable Energy Y

nergy Resources
Canter

Director: John Cuttica;

312/996-4382; cuttica@uic.edu

Associate Director / Lead Engineer: Cliff
Haefke; 312/355-3476; chaefkl@uic.edu

www.midwestcleanenergy.org

States Covered: lllinois, Indiana, lowa,
Kansas, Michigan, Minnesota, Missouri,
Nebraska, North Dakota, Ohio, South
Dakota, Wisconsin

Katrina Pielli
Senior Policy Advisor
Office of the Deputy Assistant
Secretary for Energy Efficiency
U.S. Department of Energy
Washington DC

http://www1.eere.energy.gov/manufact

uring/distributedenergy/ceacs.html
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Q3.FY2012 MW CEAC Progress Report

Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

July 30, 2012

Dear Mr. Renk,

Please find the attached Progress Report for the 3" Quarter of Fiscal Year 2012
(FY2012.Q3) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced -$12,452.58 for FY 2012.Q3:

e April 2012: $5,631.33
e May: -$6,018.54
e June -$12,065.37

Below you will find a brief synopsis of our activities (deliverables and tasks) for
FY2012.Q3. If you have any questions, please do not hesitate to contact John Cuttica
(312-996-4382, cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefk1l@uic.edu).

Thank you,

John Cuittica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center


mailto:cuttica@uic.edu
mailto:chaefk1@uic.edu

Q3.FY2012 MW CEAC Progress Report

Quarterly Progress Report
34 Quarter Fiscal Year 2012

Section 1: Award Number: DE-EE0001108

Section 2: Project Title and Name of Directors/ Principal Investigators
a Project Title: Midwest Region Clean Energy Application Center
b. Name of Project Directors/ Principal Investigators
I. John Cuttica, (312) 996-5620, cuttica@uic.edu
ii. Cliff Haefke, (312) 355-3476, chaefk1@uic.edu

Section 3: Report and Period Covered by the Report
a. Report submitted 7/30/2012
b. Reporting Period: April 1, 2012 through June 30, 2012

Sections 4,5, 7: Quarterly Accomplishments & Schedule Status

The US DOE Midwest Clean Energy Application Center (MW CEAC), one of the eight
DOE sponsored Clean Energy Application Centers, promotes and assists in transforming
the market for CHP, waste heat recovery, and district energy technologies and concepts
throughout the twelve Midwest state region. The MW CEAC was the first Application
Center awarded by DOE in 2001 and is managed by personnel located at the Energy
Resources Center at the University of Illinois at Chicago. The key services of the
Regional Clean Energy Application Centers include:

e Market Assessments— Supporting analyses of CHP market potential in diverse
sectors, such as, health care, industrial sites, hotels, and new commercial and
ingtitutional buildings.

e Education and Outreach — Providing information on the benefits and applications
of CHP to state and local policy makers, regulators, energy end-users, trade
associations, and others.

e Technica Assistance — Providing technical information to energy end-users and
othersto help them consider if CHP, waste heat recovery or district energy makes
sense for them. This includes performing site assessments, producing project
feasibility studies, and providing technical and financial analyses.

The MW CEAC was active during the 3" Quarter in anumber of the twelve Midwest
states encompassing a variety of activities. The following highlight the major activities
and goals accomplished during Q3.FY 2012 set out in the MW CEAC Project
Management Plan.

U.S. DOE Midwest Clean Energy Application Center 3
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Ohio — Q3.FY2012 activities focused on the Governor’s new energy plan and the
DOE Boiler MACT Pilot program.

The MW CEAC participated in the planning and preparation of the June 20"
PUCO CHP Case Studies Workshop in Columbus, OH.

The MW CEAC presented at the June 20™ PUCO CHP Case Studies Workshop in
Columbus, OH.

The MW CEAC launched the DOE Boiler MACT Technical Assistance pilot
program on March 9. The MW CEAC has continued their effortsin Q3 of
targeting and contacting Boiler MACT affected facilities in Ohio and sharing the
Decision Tree Analyses. The MW CEAC has brought on board two sub-
contractors to assist in this effort.

Ohio Governor Kasich introduced an energy bill, Senate Bill 315 (SB 315), on
March 22" that included the treatment of CHP and WHR under existing law. The
MW CEAC worked with the Ohio CHP Coalition and other key stakeholdersin
the preceding months and prior year providing education and information on the
concepts, benefits, and applications of CHP and WHR technologies. SB 315 was
passed into law on June 11, 2012 with WHR now qualifying as a Renewable
Energy technology and CHP & WHR both qualifying as EE technologies. Next
steps are to determine how the utilities will incorporate these qualifying measures
into their utility plans.

The MW CEAC has continued to meet with CHP stakeholdersin Ohio in regards
to SB 315 and Boiler MACT.

The MW CEAC provided planning assistance to DOE and the Midwest Energy
Efficiency Alliance towards the Midwest IEE/CHP Regional Meeting on June 21,
2012. The MW CEAC also presented at this workshop.

Illinois — Q3.FY2012 activities focused on AD/CHP development.

The MW CEAC has been working with Growing Power (high profile urban based
community digester CHP project within city limits of Chicago) and with a
downstate community digester project located near Breese to initiate engineering
studies and investigate financing options for AD/CHP projects.

The MW CEAC has been working with the Village of Fox River Grove
Wastewater Treatment Facility (100 kW) and the City of Danville Wastewater
Treatment Facility (100 kW) over the past year in devel oping two separate
AD/CHP projects. Both facilities are expected to begin CHP operations later this
calendar year.

The MW CEAC has been working with Downers Grove Sanitary District (138
kW) and the Sanitary District of Decatur (500 kW) on two CHP projects that are
expected to be online in calendar year 2013.

The MW CEAC has not yet started discussions with the Illinois Power Authority
committing to WHR as an approved technology under the state’s RPS program
(i.e. long term contracts). The MW CEAC has determined that the regulatory
landscape of this activity is not feasible at this time and will revisit later in 2012
closer to the elections.

U.S. DOE Midwest Clean Energy Application Center 4
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Wisconsin — Q3.FY2012 activities focused on development of educational outreach
materials.

The MW CEAC delayed the education outreach efforts with the WI SEO until
Fall 2012 due to the increased level of MW CEAC effortsin Ohio and the DOE
Boiler MACT Technical Assistance pilot program in Ohio.

The MW CEAC isworking on a Project Profile for the 1.1 MW landfill gas fired
CHP project at Gundersen Lutheran Health System in Onalaska, WI, that began
operation in January 2012. The MW CEAC provided technical assistance
towards the development of this LFG-CHP project. The Midwest CEAC attended
the May 8" announcement in Onalaska, WI, announcing that viathe LFG-CHP
project, the Gundersen Lutheran — Onal aska Campus is the first known energy
independent medical campus in the country.

lowa — Q3.FY2012 activities focused on utility rate barriers to CHP implementation.

The MW CEAC met in Des Moines on March 7" with the Mid-American Energy
Company, the lowa Office of Consumer Advocates, IEC, and ELPC to begin
discussions of the utility rate barriers study that was developed by the MW
CEAC. Mid-American did not deny their utility rates were outdated, but initially
did not concede to needing to adjust their rates prior to the 2013-2014 utility rate
case period. In May 2012, Mid-American during informal conversations with
IEC and MW CEAC stated the would be seeking to modify their standby ratesin
calendar year 2012, prior to the official utility rate case period.

The MW CEAC began the development of atechnical paper for the lowa
Environmental Council (IEC) on the topic of recommended standby rate utility
practices for Mid-American (next steps study) that avoid unfair utility practices
and that do not further negatively impact the implementation of CHP
development. This paper will be used as atechnical document for IEC to usein
discussions with Mid-American Energy Company.

Minnesota — Q3.FY 2012 activities focused on utility standby rate and net metering
barriers to CHP implementation.

In May, the ERC submitted a proposal to the Division of Energy Resources
(DER) Minnesota Department of Commerce — Request for Proposals — under the
Conservation Applied Research and Development Grant Program to study viable
CHP opportunities that could aid Minnesota meeting their state energy savings
goals through analyzing net metering and standby rates. The proposed study was
aresponse to the workshop discussion topics that took place at the MN DER
sponsored DG/CHP workshops in the Fall of 2011 that the MW CEAC attended.
The ERC was notified in July that the MN DER has high interest in this study and
will be awarded funding for ERC to complete this study. This study was
identified by the Midwest CEAC in the Goals and Milestones.

Market Sector Business Plans — Q3.FY?2012 focused on the initial developments of
the CHP Market Sector Business Plans (presentations of plans expected in
Q4.FY2012)

U.S. DOE Midwest Clean Energy Application Center
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e Waste Heat Recovery — MW CEAC assisted lead Pacific CEAC
e Biomass— MW CEAC assisted lead NW CEAC

Other Educational Material — Q3.FY2012 focused on the update of the CHP
Resource Guide

e The MW CEAC began updating the 2005 CHP Resource Guide, a rules-of-thumb
/ ready reference document initially developed by the MW CEAC for awide
range of interested parties considering the application of CHP systems.

Section 6: Cost Status — The center invoiced -$12,452.58 for FY 2012.Q3.
e April 2012: $5,631.33
e May: -$6,018.54
e June -$12,065.37

Section 8: Changesin Approach — N/A

Section 9: Anticipated Problems or Delays— N/A

Section 10: Absence or Changes of Key Personnel — N/A

Section 11: Product Produced or Technology Transfer Activities Accomplished

a. Publications; conference papers; or other public releases of results. Publications
are listed on the Midwest CEAC website..

i. 5/15 - Market Opportunities for Biogas Utilization @ AW&WMA Lake
Michigan States Section’s Waste Not Conference, Oakbrook Terrace, 1L

ii.  5/16 — Panel: Advancing Pro-CHP Policy in Ohio @ USCHPA Spring
Forum, Washington DC

iii. 6/14 — CHP Opportunities and DOE’s Regional Clean Energy
Application Centers @ Indiana District Energy Seminars, Indianapolis, IN

iv. 6/20 - Combined Heat and Power 101 @ Public Utility Commission of
Ohio’s Combined Heat and power Case Studies: Voices of Experience,
Columbus, OH.

V. 6/21 — Session 2: “Opportunities and Potential for Industrial CHP” @

Industrial Energy Efficiency & CHP Diaogue, US DOE Regiona Meeting —
Midwest, Columbus, OH.

U.S. DOE Midwest Clean Energy Application Center 6



Q3.FY2012 MW CEAC Progress Report

b. Web site or other Internet sites that reflect the results of this project — see ongoing
development of Midwest CEAC website @ www.midwestcleanenergy.org

c. Networks or collaborations fostered — N/A
d. Technologies/Techniques— N/A
e. Inventions/Patent Applications— N/A

f. Other products— N/A

U.S. DOE Midwest Clean Energy Application Center 7
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CEAC Goals and Milestones from January Presentations and Project Management Plan

CEAC Goals Activities Qutcomes Milestones Status (as of 7/30)

Midwest Ohio . Inclusion of CHP /WHR as a . Participate Workshop(s) (energy summit follow-up) . COMPLETED Q2: March Workshop
specified & recognized PUCO...Feb. 2012 hosted on 3/9, MW CEAC
technology with an installed . Develop consensus on the policy direction ( Ohio participated in PUCO workshop on
capacity target in the new CHP Caoallition) ....Spring ,2012 6/20, MW CEAC will present at 7/24
Governor’s energy plans , . Policy reform introduced from Gov Office to NASEO webinar on OH status, MW
Ohio energy regulations, Ohio Legislature and/or PUCO.... Spring 2012 CEAC will be presenting at 8/2
energy legislation. . Provide educational and technical support to the PUCO workshop

. Inclusion of CHP as a viable Coalition (biweekly conference calls, white paper(s) . Ongoing (Ohio CHP Coalition is
approach to meet Boiler MACT identifying issues and suggested actions to be now working on how to incorporate
Regs considered: rate structures /jobs ..Ongoing CHP and WHtP into the utility plans)

. Initiate Boiler MACT activities with PUCO .... Winter . COMPLETED Q2: Gov. Kasich
2012 introduced energy plan (SB 315) on
. Complete Policy Options Paper (standby 3/22. Gov. Kasich signed into law
rates)..Spring2012 SB 315 on June 11, 2012 which
qualifies WHtP as a Renewable
Technology and CHP & WHtP as
EE technologies. With the law
signed, next steps are to determine
how CHP and WHtP are
implemented into Ohio utility plans.
MW CEAC will offer technical
assistance where needed)
. Ongoing
. Initiated March, MW CEAC has
been contacting Ohio facilities and
working with ICF and PUCO
. Ongoing (to be published in August
2012 and potentially used in
September PUCO workshop)
lllinois . Initiate the implementation of a | « Partnership with AIEC, identification of 2 CHP sites & | Ongoing (Working with Growing
minimum of two biogas CHP initiation of engineering studies (includes 3 planned Power / Iron Street Farms &
projects with the Association of workshops).....Fall 2012 Downstate Community Digester Ag
lllinois Electric Cooperatives . Successful start-up of minimum 2 additional CHP Project in Breese, IL), 3 Workshops
securing their commitment to biogas sites...Fall 2012 Completed: co-sponsored on 2/3,
biogas CHP within the state . lllinois Power Authority commitment to WHR as 2/9, 2/10)
and expanding biogas CHP approved technology for RPS (long term . Ongoing (working with four WWTFs
within the state contracts)....Spring 2012 in lllinois: Fox River Grove WWTF

. Bring the Ohio model to lllinois | * IDEA workshop on Community Energy Development (100 kw) and Danville WWTF (100
(ELPC, IEC, NRDC, others) Guide...(Chicago) --- District Energy/CHP as kW) to be installed/operating by end

. Expand educational activities redevelopment tool ....June, 2012 of 2012, Downers Grove WWTF
to identify new CHP avenues . Develop plan for bringing Ohio model to lllinois ... Fall (138 WWTF) and Decataur WWTF
within the state: 2012 (500 kW) to be installed/operating

. Inclusion of CHP as a viable by end of 2013
approach to meet Boiler MACT . Ongoing
Regs . Ongoing

. Not yet started
Wisconsin . Re-engage the SEO, include . Identify and implement outreach activities with SEO . Workshops delayed till fall

CHP in their energy programs.
. Continue technical support on

high visibility CHP/WHR

projects (target markets

remain biogas and pulp/paper)
. Inclusion of CHP as a viable

and targeted markets (Breweries, Food Processing,
Livestock, WWTF).. Ongoing efforts with potential
webinars by spring/summer 2012

Min 2 project profiles from tech assistance efforts ...
ongoing

Initiated work on one project profile
(March), Gundersen Lutheran
Health System in Onalska, WI




approach to meet Boiler MACT

(completion expected May 2012)

Regs
lowa . IEC & ELPC introducing utility . Rate study analysis completed (best practices).. . COMPLETED: submitted Feb
rate reform to PUC Spring 2012 . Ongoing (draft expected Aug 2012)
. SEO/Industry sponsored . CHP Market Impact Analysis .. Summer 2012 . COMPLETED: first meeting held
education webinars . Settlement agreement meeting ..Summer 2012 with Mid-American on 3/7 in Des
. CHP as a viable approach to . IEC & ELPC submittal of reform request to PUC ... Moines, first meeting with Alliant to
meet Boiler MACT Regs Fall 2012 be held in August
. 1 Targeted webinar .. Summer/Fall . Ongoing (Mid-American will be
modifying standby rates prior to
2013 rate case; MW CEAC is
providing technical assistance to
IEC & ELCP)
. Not yet started
Minnesota . Inclusion of CHP/WHR in SEO | - Rate study / net metering paper(s) for SEO.. Summer | ¢ Ongoing (MW CEAC submitted
programs and 2012 proposal on standby rate and net
recommendation to PUC for . Reform recommendations to PUC .. Fall 2012 metering study to MN SEO; MW
DG policy reform CEAC was notified in July of award;
. CHP as a viable approach to work on study to begin Fall 2012)
meet Boiler MACT Regs
. Not yet started (actions will follow
study)
Indiana NIPSCO initiate pilot FIT for CHP NIPSCO agreement to proceed with pilot FIT request to Not yet started
similar to existing pilot FIT for Utility Commission .....Winter 2012
renewables
Michigan Expanded CEAC work in Michigan Identify and initiate expanded CHP opportunities for CEAC | Not yet started
involvement ....Fall 2012
Kansas Support CHP activities as required Nothing identified at this time
Missouri
Nebraska
North Dakota
South Dakota
Boiler MACT . Training Session ...Jan. 2012 . Completed
. Develop Implementation Plan .... March 1%, 2012 . Ongoing
. Method of Screening Opportunities . Ongoing (test case Ohio)
. Materials Development . Ongoing (test case Ohio)
. Method of Contacting Opportunities (including site . Ongoing (test case Ohio)
Visits)
. Resources Split (internal versus subcontracts) . Resources identified
. Implementation ..... Spring 2012 . Pilot underway in Ohio
. Ohio Test Case: Work with PUC Ohio — January 2012 | - Work underway — initiated March
SEEAction Planned FY 12/FY 13 Activities/Milestones

. Lead the development of CHP version of Policy Guide

. Provide assistance to Hdgtrs in development of white
papers and policy guide book.. ongoing

. Participate in the Development & Implementation of 2
Regional Utility/Regulatory Workshops (MW & SE)

Lead shifted to Eric by DOE Hdqtrs

Ongoing

Ongoing coordination with MEEA, MW
CEAC assisted DOE and MEEA with
June 21 Regional Meeting in Columbus,

OH

Market Sector
Development

Market Sector Business Plans

Plan development participation:
- Hospitals — NE lead....Spring
o  Project Profile

Ongoing (participated on conference
calls, reviewed drafts, provided




o  White Paper
- WHR - Pacific lead....Spring
- Biomass — NW lead....Spring

comments)

Ongoing (participated on conference
calls, reviewed drafts, provided
comments)

Ongoing (participated on conference
calls, reviewed drafts, provided
comments)

Other

Educational Materials

. Updated CHP Resource Guide
. Project Profiles

Outline submitted to DOE for review
in April 2012, comments received by
DOE in Summer 2012

Ongoing
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Q4.FY2012 MW CEAC Progress Report

Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

October 31, 2012

Dear Mr. Renk,

Please find the attached Progress Report for the 4™ Quarter of Fiscal Year 2012
(Q4.FY 2012) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $230,532.94 for Q4.FY 2012:

e July 2012 $57,538.62
e Aug: $84,027.11
o Sep: $88,967.21

Below you will find a brief synopsis of our activities (deliverables and tasks) for
Q4.FY2012. If you have any questions, please do not hesitate to contact John Culttica
(312-996-4382, cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefk1l@uic.edu).

Thank you,

John Cuittica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center
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Q4.FY2012 MW CEAC Progress Report

Quarterly Progress Report
4™ Quarter Fiscal Y ear 2012

Section 1: Award Number: DE-EE0001108

Section 2: Project Title and Name of Directors/ Principal Investigators
a Project Title: Midwest Region Clean Energy Application Center
b. Name of Project Directors/ Principal Investigators
I. John Cuttica, (312) 996-5620, cuttica@uic.edu
ii. Cliff Haefke, (312) 355-3476, chaefk1@uic.edu

Section 3: Report and Period Covered by the Report
a. Report submitted 10/31/2012
b. Reporting Period: July 1, 2012 through September 30, 2012

Sections 4,5, 7: Quarterly Accomplishments & Schedule Status

The US DOE Midwest Clean Energy Application Center (MW CEAC), one of the nine
DOE sponsored Clean Energy Application Centers, promotes and assists in transforming
the market for CHP, waste heat recovery, and district energy technologies and concepts
throughout the twelve Midwest state region. The MW CEAC was the first Application
Center awarded by DOE in 2001 and is managed by personnel located at the Energy
Resources Center at the University of Illinois at Chicago. The key services of the
Regional Clean Energy Application Centers include:

e Market Assessments— Supporting analyses of CHP market potential in diverse
sectors, such as, health care, industrial sites, hotels, and new commercial and
ingtitutional buildings.

e Education and Outreach — Providing information on the benefits and applications
of CHP to state and local policy makers, regulators, energy end-users, trade
associations, and others.

e Technica Assistance — Providing technical information to energy end-users and
othersto help them consider if CHP, waste heat recovery or district energy makes
sense for them. This includes performing site assessments, producing project
feasibility studies, and providing technical and financial analyses.

The MW CEAC was active during the 4™ Quarter in a number of the twelve Midwest
states encompassing a variety of activities. The following highlight the major activities
and goals accomplished during Q4.FY 2012 set out in the MW CEAC Project
Management Plan.

U.S. DOE Midwest Clean Energy Application Center 3
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Q4.FY2012 MW CEAC Progress Report

Ohio — Q4.FY2012 activities focused on the Governor’s new energy plan, the DOE
Boiler MACT Pilot program, and standby rate analysis.

e The MW CEAC participated in the planning and preparation of the August 2™
PUCO CHP Financial Tools Workshop in Columbus, OH. The MW CEAC
presented at the August 2" PUCO CHP Financial Tools Workshop in Columbus,
OH.

e The MW CEAC participated in the planning and preparation of the September
13" PUCO CHP & Standby Rates Workshop in Columbus, OH.

e The MW CEAC launched the DOE Boiler MACT Technical Assistance pilot
program on March 9". The MW CEAC has continued their effortsin Q4 of
targeting and contacting Boiler MACT affected facilities in Ohio and sharing the
Decision Tree Analyses.

e Ohio Governor Kasich introduced an energy bill, Senate Bill 315 (SB 315), on
March 22" that included the treatment of CHP and WHR under existing law. The
MW CEA C worked with the Ohio CHP Coalition and other key stakeholdersin
the preceding months and prior year providing education and information on the
concepts, benefits, and applications of CHP and WHR technologies. SB 315 was
passed into law on June 11, 2012 with WHR now qualifying as a Renewable
Energy technology and CHP & WHR both qualifying as EE technologies. The
MW CEAC has been meeting with stakeholders on how to determine the EE
savings calculations that will be proposed by the Ohio CHP Coalition.

e The MW CEAC has continued to meet with CHP stakeholdersin Ohio in regards
to SB 315 and Boiler MACT. MW CEAC assisted in the Ohio Coalition for CHP
webinar on July 18, 2012.

e The MW CEAC isworking on arate barriers study analyzing the standby rates of
the Ohio investor owned utilities (I0OUs). This document is expected to be
published in Q1.2012. In conjunction with this study, the MW CEAC attended a
meeting at the PUCO on September 12" to discuss standby rate analysis of AEP
by DOE sub-contractor Lisa Schwartz.

Ilinois — Q4.FY2012 activities focused on AD/CHP development and state EE/CHP
planning.

e The MW CEAC has been working on two potential community digester CHP
projectsin lllinois initiating engineering studies and investigating funding and
financing options:

o Growing Power and Green Era (high profile urban based community
digester CHP project within city limits of Chicago)

o Clinton County downstate community digester project located near
Breese, IL

e The MW CEAC has been working with Illinois Department Commerce and
Economic Opportunity (DCEO-SEO) on four (4) CHP projects at WWTPs:

o Village of Fox River Grove Wastewater Treatment Facility (100 kW) —
Oct ’12 startup

o City of Danville Wastewater Treatment Facility (100 kW) — Oct *12
startup

o Downers Grove Sanitary District (138 kW) — operationa in <13

U.S. DOE Midwest Clean Energy Application Center 4
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o Sanitary District of Decatur (500 kW) — operational in <13
The MW CEAC worked with the Illinois Governor’s Office, Illinois Commerce
Commission, Illinois Department of Commerce and Economic Opportunity
(DCEOQO), and Illinois EPA to assist Illinois to submit a proposal to NGA on
developing Industrial EE/CHP State Action Plans through NGA’s Policy
Academy.
o The MW CEAC believesthiswill be the stepping stoneto the MW CEAC
proposed Goals & Milestones of starting discussions with the Illinois
Power Authority to committing to WHR as an approved technology under
the state’s RPS program (i.e. long term contracts).
o lllinois was awarded September 13, 2012 by the NGA as 1 of the 4
awarded states for the NGA Policy Academy.
o The MW CEAC hosted the kickoff meeting for the Illinois Policy
Academy actions on September 27, 2012.

Wisconsin — Q4.FY2012 activities focused on development of educational outreach
materials.

The MW CEAC isworking on two project profiles:
o 1.1 MW landfill gasfired CHP project at Gundersen Lutheran Health
System in Onalaska, WI, that began operation in January 2012
o 633 kW anaerobic digester biogas CHP project at City Brewery in La
Crosse, WI (owned by Gundersen Lutheran Health System)
The MW CEAC delayed the education outreach efforts with the WI SEO until
Fall 2012 due to the increased level of MW CEAC effortsin Ohio and the DOE
Boiler MACT Technical Assistance pilot program in Ohio. MW CEAC expected
to reach out to WI SEO in the Q1.2013 timeframe.

lowa — Q3.FY2012 activities focused on utility rate barriers to CHP implementation
and state EE/CHP planning.

The MW CEAC met in Des Moines on August 24™ with Alliant Energy, the lowa
Office of Consumer Advocates, IEC, and ELPC to begin discussions of the utility
rate barriers study that was developed by the MW CEAC. Alliant Energy did not
agree that their standby rates pose any unfair barriers in thismeeting. The MW
CEAC will befollowing up with Alliant Energy in Q1.2013.

The MW CEAC was informed by Mid-American that they will not be modifying
their standby ratesin Calendar Y ear 2012, but will be consolidating their three
service territories’” standby rates into one uniform updated rate filing in May
2013.

The MW CEAC is developing atechnical paper for the lowa Environmental
Council (IEC) on the topic of recommended standby rate utility practices for Mid-
American (next steps study) that avoid unfair utility practices and that do not
further negatively impact the implementation of CHP development. This paper
will be used as atechnical document for IEC to use in discussions with Mid-
American Energy Company.

U.S. DOE Midwest Clean Energy Application Center 5
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National Governors Association (NGA) selected lowa as 1 of the 4 states to be
awarded with the NGA Policy Academy to develop state-wide action plans for
Industrial EE/CHP. The MW CEAC will be assisting the lowa effortsincluding
travel to the NGA Policy Academy Meeting in Portland in early October.

Minnesota — Q4.FY?2012 activities focused on utility standby rate and net metering
barriers to CHP implementation.

In May, the ERC submitted a proposal to the Division of Energy Resources
(DER) Minnesota Department of Commerce — Request for Proposals — under the
Conservation Applied Research and Development Grant Program to study viable
CHP opportunities that could aid Minnesota meeting their state energy savings
goals through analyzing net metering and standby rates. The proposed study was
aresponse to the workshop discussion topics that took place at the MN DER
sponsored DG/CHP workshops in the Fall of 2011 that the MW CEAC attended.
The ERC was notified in July that the MN DER has high interest in this study and
will be awarded funding for ERC to complete this study. This study was
identified by the MW CEAC in the Goals and Milestones. The MW CEAC isin
the midst of contracting with the MN DER and will begin work on this study in
Q1.2013.

Market Sector Business Plans — Q4.FY2012 focused on the initial developments of
the CHP Market Sector Business Plans (presentations of plans expected in
Q4.FY2012)

Hospitals— MW CEAC assisted lead NE CEAC (MW CEAC will be leading
Hospital Market plan beginning in Q1.2013)

Waste Heat Recovery — MW CEAC assisted lead Pacific CEAC

Biomass— MW CEAC assisted lead NW CEAC

Other Educational Material — Q4.FY2012 focused on the update of the CHP
Resource Guide

The MW CEAC is updating the 2005 CHP Resource Guide, a rules-of-thumb /
ready reference document initially developed by the MW CEAC for awide range
of interested parties considering the application of CHP systems.

Section 6: Cost Status — The center invoiced $230,532.94 for Q4.FY 2012.

July 2012: $57,538.62
August: $84,027.11
September: $88,967.21

Section 8: Changesin Approach — N/A

Section 9: Anticipated Problems or Delays— N/A

U.S. DOE Midwest Clean Energy Application Center
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Section 10: Absence or Changes of Key Personnel — N/A

Section 11: Product Produced or Technology Transfer Activities Accomplished

a. Publications; conference papers; or other public releases of results. Publications
are listed on the Midwest CEAC website..

i. 7/24 — Combined Heat and Power: Ohio’s Statewide Effort to Move
CHP Policy and Legislation Forward @ NASEO Webinar

ii. 8/2-CHP Project Costs Screening @ PUCO CHP: Financial Tools
Workshop, Columbus, OH

iii.  9/25 - Combined Heat & Power (CHP) and Waste Energy Recovery
(WER) Opportunities for Ohio Industries @ 7" Annual Northern Ohio
Energy Management Conference, Toledo, OH

b. Web site or other Internet sites that reflect the results of this project — see ongoing
development of Midwest CEAC website @ www.midwestcleanenergy.org

c. Networks or collaborations fostered — N/A
d. Technologies/Techniques— N/A
e. Inventions/Patent Applications— N/A

f. Other products— N/A

U.S. DOE Midwest Clean Energy Application Center 7
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Q5.FY2013 MW CEAC Progress Report

Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

February 5, 2013

Dear Mr. Renk,

Please find the attached Progress Report for the 5" Quarter of Fiscal Year 2013
(Q5.FY2013) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $175,535,93 for Q5.FY2013:

e Oct2012: $84,072.09
e Nov: $54,823.53
e Dec: $36,640.31

Below you will find a brief synopsis of our activities (deliverables and tasks) for
Q5.FY2013. If you have any questions, please do not hesitate to contact John Cuttica
(312-996-4382, cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefkl@uic.edu).

Thank you,

John Cuttica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center
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Quarterly Progress Report
5" Quarter Fiscal Year 2013

Section 1: Award Number: DE-EE0001108

Section 2: Project Title and Name of Directors / Principal Investigators
a. Project Title: Midwest Region Clean Energy Application Center
b. Name of Project Directors / Principal Investigators
i. John Cuttica, (312) 996-5620, cuttica@uic.edu
ii. CIiff Haefke, (312) 355-3476, chaefkl@uic.edu

Section 3: Report and Period Covered by the Report
a. Report submitted 02/05/2013
b. Reporting Period: October 1, 2012 through December 31, 2012

Sections 4,5, 7: Quarterly Accomplishments & Schedule Status

The US DOE Midwest Clean Energy Application Center (MW CEAC), one of the nine
DOE sponsored Clean Energy Application Centers, promotes and assists in transforming
the market for CHP, waste heat recovery, and district energy technologies and concepts
throughout the twelve Midwest state region. The MW CEAC was the first Application
Center awarded by DOE in 2001 and is managed by personnel located at the Energy
Resources Center at the University of Illinois at Chicago. The key services of the
Regional Clean Energy Application Centers include:

e Market Assessments — Supporting analyses of CHP market potential in diverse
sectors, such as, health care, industrial sites, hotels, and new commercial and
institutional buildings.

e Education and Outreach — Providing information on the benefits and applications
of CHP to state and local policy makers, regulators, energy end-users, trade
associations, and others.

e Technical Assistance — Providing technical information to energy end-users and
others to help them consider if CHP, waste heat recovery or district energy makes
sense for them. This includes performing site assessments, producing project
feasibility studies, and providing technical and financial analyses.

The MW CEAC was active during the 5" Quarter in a number of the twelve Midwest
states encompassing a variety of activities. The following highlight the major activities
and goals accomplished during Q5.FY2013 set out in the MW CEAC Project
Management Plan.
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Ohio — Q5.FY2012 activities focused on the Governor’s new energy plan, the DOE
Boiler MACT Pilot program, activities and engagement with the PUCO, and
standby rate analysis.

The MW CEAC participated in the planning and preparation of the September
13™ Public Utilities Commission (PUCO) CHP & Stand-by Rates Workshop in
Columbus, OH.

The MW CEAC led the planning, preparations, and presentations for the
December 7" PUCO Natural Gas Key Account Reps Training for CHP in
Columbus, OH for the Ohio natural gas key account representatives.

The MW CEAC met with several potential end users of CHP coordinated by the
PUCO.

The MW CEAC launched the DOE Boiler MACT Technical Assistance pilot
program on March 9™ The MW CEAC continued their efforts in Q5.FY2013 of
targeting and contacting Boiler MACT affected facilities in Ohio and sharing the
DOE Boiler MACT Technical Assistance program. The MW CEAC presented
the results for the Boiler MACT Decision Tree Analysis to MillerCoors and also
met with representatives from Miami of Ohio University to discuss the ensuing
CHP opportunities, both on November 14"

Ohio Governor Kasich introduced an energy bill, Senate Bill 315 (SB 315), on
March 22" that included the treatment of CHP and WHR under existing law. The
MW CEAC worked with the Ohio CHP Coalition and other key stakeholders in
the preceding months and prior year providing education and information on the
concepts, benefits, and applications of CHP and WHR technologies. SB 315 was
passed into law on June 11, 2012 with WHR now qualifying as a Renewable
Energy technology and CHP & WHR both qualifying as EE technologies. The
MW CEAC has been meeting with stakeholders on how to determine the EE
savings calculations that will be proposed by the Ohio CHP Coalition. The Ohio
CHP Caoalition is targeting the January/February timeframe to host a webinar
introducing the proposed methodology to the larger group of stakeholders.

The MW CEAC is updating the rate barriers study analyzing the standby rates of
the Ohio investor owned utilities (I0Us) following the September 12" workshop
on standby rates and meeting with DOE sub-contractor Lisa Schwartz on
September 12™. This document is expected to be published in the 6™ or 7™ quarter
of FY2013.

Ilinois — Q5.FY2013 activities focused on AD/CHP development and state EE/CHP
planning.

The MW CEAC continued to work with two potential community digester CHP
projects in Illinois initiating engineering studies and investigating funding and
financing options:

o Growing Power and Green Era (high profile urban based community
digester CHP project within city limits of Chicago). MW CEAC is
assisting in securing grant funding and providing technical analysis.

o0 Clinton County downstate community digester project located near
Breese, IL that involves several key state parties (Association of Illinois
Electric Cooperatives, Illinois EPA, EPA Region 5, Department of
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Commerce and Economic Opportunity). MW CEAC presented on a panel
at the project bidders meeting on November 19™.
The MW CEAC has been working with Illinois Department Commerce and
Economic Opportunity (DCEO-SEO) on four (4) CHP projects at WWTPs (2
projects began operation in Q5.2013 and 2 are expected completion in 2013):

o Village of Fox River Grove Wastewater Treatment Facility (100 kW) —
Oct ’12 startup

o City of Danville Wastewater Treatment Facility (100 kW) — Oct 12
startup

0 Downers Grove Sanitary District (138 kW) — operational in ‘13

o0 Sanitary District of Decatur (500 kW) — operational in ‘13

The MW CEAC worked with the Illinois Governor’s Office, Illinois Commerce
Commission, Illinois Department of Commerce and Economic Opportunity
(DCEO), and Illinois EPA to assist Illinois to submit a proposal to NGA on
developing Industrial EE/CHP State Action Plans through NGA'’s Policy
Academy in Q4.FY2012. The Illinois team was awarded September 13" as 1 of
the 4 awarded states for the NGA Policy Academy to develop an Action Plan for
the State of Illinois to identify policy and regulatory activities that could favorably
impact CHP development.

0 The MW CEAC attended and participated in the NGA Policy Academy in
Portland, OR with the Illinois Team on the dates of October 15" to 18"

0 The MW CEAC organized and conducted a meeting with the Illinois Core
Team and the investor owned utilities (I0Us) on November 27" to discuss
how the utilities can integrate CHP and WHP into their EEPS and RPS
programs.

0 The MW CEAC worked with the Illinois Core Team throughout
Q5.FY2013 working on developing a state plan. Activities included one-
on-one phone calls, conference calls, email correspondences, etc.

0 The MW CEAC met with the Board Members of the Midwest
Cogeneration Association (MCA) on October 8™ and November 13"

o]

Wisconsin — Q5.FY2013 activities focused on development of educational outreach
materials.

The MW CEAC delayed the education outreach efforts with the WI SEO due to
the increased level of MW CEAC efforts in Ohio and the DOE Boiler MACT
Technical Assistance pilot program in Ohio. MW CEAC expected to reach out to
WI SEO in the Q6/Q7.FY2013 timeframe once the Boiler MACT ruling is
finalized.

lowa — Q5.FY2013 activities focused on utility rate barriers to CHP implementation
and state EE/CHP planning.

In Q5.FY2013, National Governors Association (NGA) selected lowa as 1 of the
4 states to be awarded with the NGA Policy Academy to develop state-wide
action plans for Industrial EE/CHP. The MW CEAC has been assisting the lowa
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efforts participating in phone calls, email correspondences, etc. The MW CEAC
attended and participated in the NGA Policy Academy in Portland, OR with the
lowa Team on the dates of October 15™ through 18"

e The MW CEAC was informed by Mid-American that they will not be modifying
their standby rates in Calendar Year 2012, but will be consolidating their three
service territories’” standby rates into one uniform updated rate filing in May
2013.The MW CEAC is completed a technical paper on December 6™ for the
lowa Environmental Council (IEC) on the topic of recommended standby rate
utility practices for Mid-American (next steps study) that avoid unfair utility
practices and that do not further negatively impact the implementation of CHP
development. This paper will be used as a technical document for IEC to use in
discussions with Mid-American Energy Company.

Minnesota — Q5.FY 2013 activities focused on utility standby rate and net metering
barriers to CHP implementation.

e In May 2012, the ERC submitted a proposal to the Division of Energy Resources
(DER) Minnesota Department of Commerce — Request for Proposals — under the
Conservation Applied Research and Development Grant Program to study viable
CHP opportunities that could aid Minnesota meeting their state energy savings
goals through analyzing net metering and standby rates. The proposed study was
a response to the workshop discussion topics that took place at the MN DER
sponsored DG/CHP workshops in the Fall of 2011 that the MW CEAC attended.
The ERC was notified in July that the MN DER has high interest in this study and
will be awarded funding for ERC to complete this study. This study was
identified by the MW CEAC in the Goals and Milestones. The MW CEAC is still
in the midst of contracting with the MN DER. Work was expected to begin in
25.2013 but has been pushed back to Q6.FY2013.

Market Sector Business Plans — Q5.FY2013 focused on the developments of the
CHP Market Sector Business Plans (presentations of plans expected in Q5.FY2013)
e Hospitals — MW CEAC took over the lead of the Hospital Market Sector plan in
Q5.FY2013. The NE CEAC and IDEA are assisting CEACs.
e Waste Heat Recovery — MW CEAC assisted lead Pacific CEAC
e Biomass - MW CEAC assisted lead NW CEAC

Other Educational Material — Q5.FY2013 focused on the update of the CHP
Resource Guide
e The MW CEAC is updating the 2005 CHP Resource Guide, a rules-of-thumb /

ready reference document initially developed by the MW CEAC for a wide range
of interested parties considering the application of CHP systems. The completed
update of the CHP Resource Guide will be delayed until the ASHRAE CHP
Guide that is being developed by the Mid-Atlantic CEAC is completed and the
EPA CHP Catalog of Technologies is updated. The MW CEAC wants to ensure
consistent information is published between all three documents, most notably
equipment and installation costs.
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Section 6: Cost Status — The center invoiced $175,535.93 for Q5.FY2013.

e QOct2012: $84,072.09
e Nov: $54,823.53
e Dec: $36,640.31

Section 8: Changes in Approach — N/A

Section 9: Anticipated Problems or Delays — N/A

Section 10: Absence or Changes of Key Personnel — N/A

Section 11: Product Produced or Technology Transfer Activities Accomplished

a. Publications; conference papers; or other public releases of results. Publications

are listed on the Midwest CEAC website..

I.  12/7 — Natural Gas Key Account Reps Training for CHP @ PUCO

Workshop for NG Key Account Reps, Columbus, OH.

b. Web site or other Internet sites that reflect the results of this project — see ongoing
development of Midwest CEAC website @ www.midwestcleanenergy.org

c. Networks or collaborations fostered — N/A
d. Technologies/Techniques — N/A
e. Inventions/Patent Applications — N/A

f. Other products — N/A

U.S. DOE Midwest Clean Energy Application Center
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Appendix
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CEAC Goals and Milestones from January Presentations and Project Management Plan

CEAC

Goals

Activities

Qutcomes

Milestones

Status (as of 12/31/12)

Midwest

Ohio

. Inclusion of CHP /WHR as a
specified & recognized
technology with an installed
capacity target in the new
Governor’s energy plans ,
Ohio energy regulations, Ohio
energy legislation.

. Inclusion of CHP as a viable
approach to meet Boiler MACT
Regs

Participate Workshop(s) (energy summit follow-up)
PUCO...Feb. 2012

Develop consensus on the policy direction ( Ohio
CHP Coalition) ....Spring ,2012

Policy reform introduced from Gov Office to
Legislature and/or PUCO.... Spring 2012

Provide educational and technical support to the
Coalition (biweekly conference calls, white paper(s)
identifying issues and suggested actions to be
considered: rate structures /jobs ..Ongoing

Initiate Boiler MACT activities with PUCO .... Winter
2012

Complete Policy Options Paper (standby
rates)..Spring2012

COMPLETED Q2: March Workshop
hosted on 3/9, MW CEAC
participated in PUCO workshop on
6/20, MW CEAC presented at 7/24
NASEO webinar on OH status, MW
CEAC presented at 8/2 PUCO
workshop, MW CEAC organized
and presented at 12/7 PUCO NG
Key Accounts Training

Ongoing (Ohio CHP Coalition is
now working on how to incorporate
CHP and WHtP into the utility
plans), MW CEAC working with OH
CHP Coalition to organize webinar
for Jan/Feb 2013 to introduce
proposed methodology
COMPLETED Q2: Gov. Kasich
introduced energy plan (SB 315) on
3/22. Gov. Kasich signed into law
SB 315 on June 11, 2012 which
qualifies WHtP as a Renewable
Technology and CHP & WHtP as
EE technologies. With the law
signed, next steps are to determine
how CHP and WHtP are
implemented into Ohio utility plans.
(MW CEAC will offer technical
assistance where needed)
Ongoing

Initiated March, MW CEAC has
been contacting Ohio facilities and
working with ICF and PUCO
Ongoing (draft submitted to DOE in
Aug, MW CEAC modifying paper
due to DOE updates and Sep
PUCO Standby Rates workshop)

lllinois

. Initiate the implementation of a
minimum of two biogas CHP
projects with the Association of
lllinois Electric Cooperatives
securing their commitment to
biogas CHP within the state
and expanding biogas CHP
within the state

. Bring the Ohio model to lllinois
(ELPC, IEC, NRDC, others)

. Expand educational activities
to identify new CHP avenues
within the state:

. Inclusion of CHP as a viable
approach to meet Boiler MACT
Regs

Partnership with AIEC, identification of 2 CHP sites &
initiation of engineering studies (includes 3 planned
workshops).....Fall 2012

Successful start-up of minimum 2 additional CHP
biogas sites...Fall 2012

lllinois Power Authority commitment to WHR as
approved technology for RPS (long term
contracts)....Spring 2012

IDEA workshop on Community Energy Development
Guide...(Chicago) --- District Energy/CHP as
redevelopment tool ....June, 2012

Develop plan for bringing Ohio model to lllinois ... Fall
2012

Ongoing (Working with Growing
Power / Green Era & Downstate
Community Digester Ag Project in
Clinton County, IL... MW CEAC
attended and presented at the Nov
19" project bidders meeting in
Clinton County), 3 Workshops
Completed: co-sponsored on 2/3,
2/9, 2/10)

Ongoing (working with four WWTFs
in lllinois: Fox River Grove WWTF
(100 kW) and Danville WWTF (100
kW) CHP systems are now
operating, Downers Grove WWTF
(138 WWTF) and Decataur WWTF
(500 kW) to be installed/operating
by end of 2013

Started Q4.2012 — MW CEAC




working with IL on NGA Policy
Academy, conducted utilities
workshop on Nov 27"

. Completed June 2012

. Started Q4.2012 — working with
NGA Policy Academy award

Wisconsin . Re-engage the SEO, include . Identify and implement outreach activities with SEO . Workshops/webinars delayed till
CHP in their energy programs. and targeted markets (Breweries, Food Processing, FY2013
. Continue technical support on Livestock, WWTF).. Ongoing efforts with potential
high visibility CHP/WHR webinars by spring/summer 2012
projects (target markets . Min 2 project profiles from tech assistance efforts ...
remain biogas and pulp/paper) ongoing . Working on two project profiles:
. Inclusion of CHP as a viable LFG CHP at GLHS in Onalaska,
approach to meet Boiler MACT AD/CHP at GLHS in La Crosse
Regs (completed LFG CHP profile in Dec
. 2012)
lowa . IEC & ELPC introducing utility . Rate study analysis completed (best practices).. . COMPLETED: submitted Feb
rate reform to PUC Spring 2012 . Ongoing (draft expected Q6.2013,
. SEO/Industry sponsored . CHP Market Impact Analysis .. Summer 2012 MW CEAC working with ICF/DOE)
education webinars . Settlement agreement meeting ..Summer 2012 . COMPLETED: first meeting held
. CHP as a viable approach to . IEC & ELPC submittal of reform request to PUC ... with Mid-American on 3/7 in Des
meet Boiler MACT Regs Fall 2012 Moines, first meeting with Alliant to
. 1 Targeted webinar .. Summer/Fall be held in August
. State plan for Industrial EE/CHP . Ongoing (Mid-American will be file
updated standby rates in May 2013,
draft rates to be circulated Jan
2013; MW CEAC is providing
technical assistance to IEC &
ELCP; MW CEAC completed 2™
paper on lowa standby rates on
Dec. 6" for Mid-American rate filing)
. Not yet started
. NGA awarded lowa with NGA
Policy Academy; MW CEAC
assisting A efforts
Minnesota . Inclusion of CHP/WHR in SEO | Rate study / net metering paper(s) for SEO.. Summer | « Ongoing (MW CEAC submitted
programs and 2012 proposal on standby rate and net
recommendation to PUC for . Reform recommendations to PUC .. Fall 2012 metering study to MN SEO; MW
DG policy reform CEAC was notified in July of award;
. CHP as a viable approach to work on study has been delayed
meet Boiler MACT Regs due to contracting, work expected to
begin Feb 2013)
. Not yet started (actions will follow
completion of study)
Indiana NIPSCO initiate pilot FIT for CHP NIPSCO agreement to proceed with pilot FIT request to Not yet started
similar to existing pilot FIT for Utility Commission ..... Winter 2012
renewables
Michigan Expanded CEAC work in Michigan Identify and initiate expanded CHP opportunities for CEAC | Not yet started
involvement ....Fall 2012
Kansas Support CHP activities as required Nothing identified at this time
Missouri
Nebraska

North Dakota
South Dakota




Boiler MACT

Training Session ...Jan. 2012

Develop Implementation Plan .... March 1%, 2012
Method of Screening Opportunities

Materials Development

Method of Contacting Opportunities (including site
visits)

Resources Split (internal versus subcontracts)
Implementation ..... Spring 2012

Ohio Test Case: Work with PUC Ohio — January 2012

Completed

Ongoing

Ongoing (test case Ohio)
Ongoing (test case Ohio)
Ongoing (test case Ohio)

Resources identified
Pilot underway in Ohio
Work underway — initiated March

SEEAction

Planned FY 12/FY 13 Activities/Milestones

Lead the development of CHP version of Policy Guide
Provide assistance to Hdgtrs in development of white
papers and policy guide book.. ongoing

Participate in the Development & Implementation of 2
Regional Utility/Regulatory Workshops (MW & SE)

Lead shifted to Eric by DOE Hdqtrs

Ongoing

Ongoing coordination with MEEA, MW
CEAC assisted DOE and MEEA with
June 21 Regional Meeting in Columbus,

OH

Market Sector

Market Sector Business Plans

Plan development participation:

Development Hospitals — NE lead....Spring . Ongoing (participated on conference
o  Project Profile calls, reviewed drafts, provided
o  White Paper comments)... Hospital Plan turned
WHR - Pacific lead....Spring over to MW CEAC in Oct ‘12
Biomass — NW lead....Spring . Ongoing (participated on conference
calls, reviewed drafts, provided
comments)

. Ongoing (participated on conference
calls, reviewed drafts, provided
comments)

Other Educational Materials . Updated CHP Resource Guide e Outline submitted to DOE for review

Project Profiles

in April 2012, comments received by
DOE in Summer 2012, work began
in Q4.2012; completion postponed
until ASHRAE CHP Guide and EPA
CHP Catalog of Technologies are
published

Ongoing: completed Gundersen
Lutheran LFG CHP Project Profile
Dec 2012
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Q6.FY2013 MW CEAC Progress Report

Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

May 3, 2013

Dear Mr. Renk,

Please find the attached Progress Report for the 6™ Quarter of Fiscal Year 2013
(Q6.FY 2013) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $119,768.86 for Q6.FY 2013:

e Jan 2013: $24,511.20
e Feb: $54,514.45
e Mar: $40,743.21

Below you will find a brief synopsis of our activities (deliverables and tasks) for
Q6.FY 2013. If you have any questions, please do not hesitate to contact John Cuttica
(312-996-4382, cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefk1l@uic.edu).

Thank you,

John Cuittica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center
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Q6.FY2013 MW CEAC Progress Report

Quarterly Progress Report
6™ Quarter Fiscal Year 2013

Section 1: Award Number: DE-EE0001108

Section 2: Project Title and Name of Directors/ Principal Investigators
a Project Title: Midwest Region Clean Energy Application Center
b. Name of Project Directors/ Principal Investigators
I. John Cuttica, (312) 996-5620, cuttica@uic.edu
ii. Cliff Haefke, (312) 355-3476, chaefk1@uic.edu

Section 3: Report and Period Covered by the Report
a. Report submitted 05/03/2013
b. Reporting Period: January 1, 2013 through March 31, 2013

Sections 4,5,7: Quarterly Accomplishments & Schedule Status

The US DOE Midwest Clean Energy Application Center (MW CEAC), one of the nine
DOE sponsored Clean Energy Application Centers, promotes and assists in transforming
the market for CHP, waste heat recovery, and district energy technologies and concepts
throughout the twelve Midwest state region. The MW CEAC was the first Application
Center awarded by DOE in 2001 and is managed by personnel located at the Energy
Resources Center at the University of Illinois at Chicago. The key services of the
Regional Clean Energy Application Centers include:

e Market Assessments— Supporting analyses of CHP market potential in diverse
sectors, such as, health care, industrial sites, hotels, and new commercial and
ingtitutional buildings.

e Education and Outreach — Providing information on the benefits and applications
of CHP to state and local policy makers, regulators, energy end-users, trade
associations, and others.

e Technica Assistance — Providing technical information to energy end-users and
othersto help them consider if CHP, waste heat recovery or district energy makes
sense for them. This includes performing site assessments, producing project
feasibility studies, and providing technical and financial analyses.

The MW CEAC was active during the 6™ Quarter in a number of the twelve Midwest
states encompassing a variety of activities. The following highlight the major activities
and goals accomplished during Q6.FY 2013 set out in the MW CEAC Project
Management Plan.

U.S. DOE Midwest Clean Energy Application Center 3
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Q6.FY2013 MW CEAC Progress Report

Ohio — Q6.FY2013 activities focused on the Governor’s new energy plan, the DOE
Boiler MACT Pilot program, activities and engagement with the PUCO, and
standby rate analysis.

The MW CEAC participated in the (Planni ng and preparation of the Ohio CHP
Coalition’s webinar on February 2™, 2013 focused on Ohio Senate Bill 315 and
the inclusion of CHP in the utility EE programs. The MW CEAC has been
working with the Ohio CHP Coalition in devel oping a white paper with the
proposed position of the Coalition towards the CHP calcul ations and measuresin
the utility energy efficient portfolio standards (EEPS).

The MW CEAC met with severa potential end users of CHP coordinated by the
PUCO. The MW CEAC continued to support the PUCO in all CHP/WHP
inquiries.

The MW CEAC continued their efforts in Q6.FY 2013 of targeting and contacting
Boiler MACT affected facilitiesin Ohio and sharing the DOE Boiler MACT
Technical Assistance program

Ilinois — Q6.FY2013 activities focused on state EE/CHP planning and AD/CHP
development.

U.S. DOE Midwest Clean Energy Application Center

The MW CEAC worked with the Illinois Governor’s Office, Illinois Commerce
Commission, Illinois Department of Commerce and Economic Opportunity
(DCEO), and Illinois EPA develop Industrial EE/CHP State Action Plans through
the National Governors Association’s (NGA) Policy Academy in Q6.FY 2013.

o The MW CEAC worked with the Illinois Core Team throughout
Q6.FY 2013 working on developing the state plan. Activities included
one-on-one phone calls, conference calls, email correspondences, etc.

o TheMW CEAC presented at the Annual Midwest Energy Efficiency
Alliance (MEEA) Conferencein Chicago, Illinois on January 17, 2013 on
the topic of utilizes and greater energy savings through CHP.

o TheMW CEAC presented at the March 20, 2013 Illinois Stakeholders
Advisory Group (SAG) in Chicago, Illinois on the topic of the inclusion of
CHP in the state EEPS.

o TheMW CEAC will be presenting at The Institute for Regulatory Policy
Studies workshop on April 18, 2013 in Springfield, Illinois.

o The MW CEAC met with the Board Members of the Midwest
Cogeneration Association (MCA) on February 19, 2013 and March 25,
2013.

[llinois Boiler MACT Outreach Activities

o The MW CEAC presented the DOE Boiler MACT Technical Assistance
Outreach activities viaa MEEA sponsored webinar to the Midwest region
on January 30, 2013.

o The MW CEAC presented the DOE Boiler MACT Technical Assistance
Outreach activitiesto the lllinois EPA staff on February 14, 2013 viaa
webinar.



Q6.FY2013 MW CEAC Progress Report

The MW CEAC continued to work with two potential community digester CHP
projectsin Illinois initiating engineering studies and investigating funding and
financing options:

o Growing Power and Green Era (high profile urban based community

digester CHP project within city limits of Chicago). MW CEAC is
assisting in securing grant funding through the Illinois Department of
Commerce and Economic Opportunity and providing technical analysis on
the development of the project. Aninitial study was completed March
2013 titled — “Preliminary Financial Overview - Design, Build, Own,
Operate and Maintain and Urban Merchant Biogas Plant.”

Clinton County downstate community digester project located near
Breese, IL that involves several key state parties (Association of Illinois
Electric Cooperatives, lllinois EPA, EPA Region 5, Department of
Commerce and Economic Opportunity). MW CEAC provided technical
assistance during January/February to select aqualified engineering firm
to complete the feasibility study (reviewing proposals, attending bidder
interviews, conference calls, emails, etc.). Feasibility Study is underway
with completion date in Fall 2013.

The MW CEAC has been working with Illinois Department Commerce and
Economic Opportunity (DCEO-SEO) on four (4) CHP projectsat WWTPsin
FY 2013 (2 projects already began operation in Q5.2013 and 2 are expected
completion in Q7/Q8.2013):
o Downers Grove Sanitary District (138 kW) — to be operational in ‘13
o Sanitary District of Decatur (500 kW) — to beoperational in ‘13

Wisconsin — Q5.FY2013 activities focused on the development of educational
outreach materials.

The MW CEAC delayed the education outreach efforts with the Wl SEO due to
the increased level of MW CEAC effortsin Illinois and lowa with the NGA
Policy Academy and the DOE Boiler MACT Technical Assistance pilot program
in Ohio. MW CEAC expected to reach out to WI SEO in the Q7/Q8.FY 2013.

lowa — Q6.FY2013 activities focused on utility rate barriers to CHP implementation
and state EE/CHP planning.

U.S. DOE Midwest Clean Energy Application Center

In Q5.FY 2013, National Governors Association (NGA) selected lowa as 1 of the
4 states to be awarded with the NGA Policy Academy to develop state-wide
action plans for Industrial EE/CHP. The MW CEAC has been assisting the lowa
efforts participating in phone calls, email correspondences, etc. in Q6.2013.

The MW CEAC began work on a CHP Market Penetration Study with ICF
International in Q6.2013 analyzing the impacts of improved standby rates and
incentives via utility energy efficiency programs within lowa. This study will be
utilized by the IEC and ELPC during upcoming rate cases and conversations with
the lowa Utilities Board.



Q6.FY2013 MW CEAC Progress Report

e The MW CEAC reviewed proposed standby rates submitted by Mid-American
that will be submitted to the lowa Utilities Board in Q7.2013. MW CEAC met
with Mid-American, IEC, and ELPC to discuss the proposed standby rates

Minnesota — Q6.FY 2013 activities focused on utility standby rate and net metering
barriers to CHP implementation.

e InMay 2012, the ERC submitted a proposal to the Division of Energy Resources
(DER) Minnesota Department of Commerce — Request for Proposals — under the
Conservation Applied Research and Development Grant Program to study viable
CHP opportunities that could aid Minnesota meeting their state energy savings
goals through anayzing net metering and standby rates. The proposed study was
aresponse to the workshop discussion topics that took place at the MN DER
sponsored DG/CHP workshops in the Fall of 2011 that the MW CEAC attended.

e The MW CEAC completed contracting negotiations with the MN DER in March
2013. Work officially commenced on 3/25/2013 with completion of the studies
expected in Q8.2013.

Market Sector Business Plans — Q6.FY2013 focused on the developments of the
CHP Market Sector Business Plans
e Hospitals— MW CEAC leads the development of the Hospital Market Sector
plan. The NE CEAC and IDEA are assisting CEACs. The GC CEAC joined the
Hospital Market Sector Business Plan at the CEAC Directors meeting in San
Diego, CA.
o Hospital Market Sector Plan Update was presented at CEAC Directors
Meeting on February 20, 2013 in San Diego, CA
o MW CEAC developed with assistance from the Pacific CEAC a CHP 101
Presentation for Hospitals. The presentation will be given at the April 4"
webinar sponsored by the Pacific CEAC.
o TheMW CEAC completed a Project Profile on the 2012 LFG CHP
installation at the Gundersen Lutheran Health System in Onalaska,
Wisconsin.
e Waste Heat Recovery — MW CEAC assisted lead Pacific CEAC
e Biomass— MW CEAC assisted lead NW CEAC

Other Educational Material

e The MW CEAC is updating the 2005 CHP Resource Guide in FY 2013, arules-of-
thumb / ready reference document initially developed by the MW CEAC for a
wide range of interested parties considering the application of CHP systems. The
completed update of the CHP Resource Guide will be delayed until the ASHRAE
CHP Guide that is being developed by the Mid-Atlantic CEAC is completed and
the EPA CHP Catalog of Technologiesis updated. The MW CEAC wantsto
ensure consistent information is published between all three documents, most
notably equipment and installation costs.

U.S. DOE Midwest Clean Energy Application Center 6
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Section 6: Cost Status— The center invoiced $119,768.86 for Q6.FY 2013.

e Jan 2013: $24,511.20
o Feb: $54,514.45
e Mar: $40,743.21

Section 8: Changesin Approach — N/A

Section 9: Anticipated Problems or Delays— N/A

Section 10: Absence or Changes of Key Personnel — N/A

Section 11: Product Produced or Technology Transfer Activities Accomplished

a. Publications; conference papers; or other public releases of results. Publications
are listed on the Midwest CEAC website..

i.  1/30 — Combined Heat and Power as a Boiler MACT Compliance
Strategy @ MEEA Webinar Series.
ii.  2/14 — Combined Heat and Power as a Boiler MACT Compliance
Strategy @ Illinois EPA Webinar Meeting.
iii.  2/22 — Combined Heat and Power as a Boiler MACT Compliance
Strategy @ Missouri DNR Webinar Meeting.

b. Web site or other Internet sites that reflect the results of this project — see ongoing
development of Midwest CEAC website @ www.midwestcleanenergy.org

c. Networks or collaborations fostered — N/A
d. Technologies/Techniques— N/A
e. Inventions/Patent Applications— N/A

f. Other products— N/A

U.S. DOE Midwest Clean Energy Application Center 7
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2013 CEAC Goals and Milestones from January Presentations and Project Management Plan

CEAC Goals Activities Qutcomes Milestones Status (as of 3/31/13)
Midwest Ohio . Implementation of CHP / WHR | Participate in implementation activities (workshops, . Ongoing
as a specified & recognized hearings, meetings, etc.) for SB 315 (Task 3, Item 26) | COMPLETED: White Paper to be
technology in the utility EE . Develop consensus on policy direction (Ohio CHP published by OH CHP Coalition Apr,
programs. Coallition) (Task 3, Item 27) Q7.2013
. Inclusion of CHP as a viable . Successful Implementation of SB 315 into electric . Ongoing: workshop to be hosted by
approach to meet Boiler MACT utility plans (Task 3, Item 28) PUCO in Apr, Q7.2013
Regs . Identify and initiate implementation of minimum 6 . Ongoing: several projects in
. Implementation of minimum 6 sites for CHP/WER installations (implementation of developmental phase; MW CEAC
CHP/WER installations SB 315 and/or Boiler MACT) (Task 4/5, ltem 29) has met with PUCO to assist
. Education and Technology support for Ohio coalition several potential projects
and other stakeholders (Task 2/3/5, Item 30) . Ongoing: MW CEAC patrticipates in
. Work with PUCO as follow up to standby rate study conference calls, email
(Task 4, Item 31) communications, etc.
. Ongoing
lllinois . Initiate the implementation ofa | « Work with lllinois on NGA Industry Policy Academy — . Ongoing (final report due May 1,
minimum of two biogas CHP Action Plan (Task 3, Item 32) Q7.2013)
projects . Start up (initiate) minimum 2 biogas CHP sites . Ongoing
. Bring the Ohio model to lllinois (partnerships with AIEC, DCEO, EPA Region V, etc.) — Danville WWTF (100 kw CHP
via the NGA Policy Academy (Task 5, Iltem 33) system) — operating Q5.2013
(ELPC, IEC, NRDC, others) . Minimum 2 project profiles as result of CEAC Tech — Downers Grove WWTF (138
. EE/CHP Report to be Assistance work (Task 4, Item 34) kw) and Decataur WWTF (500
submitted to Governor via kW) to be operating Q7/Q8.2013
NGA Policy Academy — CHP Studies underway for 2
. Inclusion of CHP as a viable high profile community digester
approach to meet Boiler MACT CHP projects during FY2013
Regs (studies by sub-contractors)
. Developing 5 project profiles:
— 4 WWTPs (2 to be completed
Q7.2013, 2 to be completed
Q8.2013)
— 1 Ethanol Plant (to be completed
Q7.2013)
Wisconsin . Re-engage the SEO, include . Work with SEO in targeted markets (outreach . Ongoing:
CHP in their energy programs. activities) (Task 2, Item 35) — Providing technical assistance to
. Continue technical support on . Min 1 project profile as result of technical assistance projects in identified target
high visibility CHP/WHR work (Task 4, Item 36) markets
projects (target markets — CHP Boiler MACT analysis
remain biogas and pulp/paper) underway at paper mill
. Inclusion of CHP as a viable . COMPLETED:
approach to meet Boiler MACT — Gundersen Lutheran LFG CHP
Regs Project Profile, Onalaska, WI
(completed Q5.2013)
— Gundersen Lutheran Biomass
CHP Project Profile, La Crosse,
WI (expected completion
Q7.2013)
lowa . IEC & ELPC introducing utility . Complete standby rate recommendations study with . COMPLETED: submitted Dec,

rate reform to PUC

EE/CHP Report to be
submitted to Governor via
NGA Policy Academy

CHP as a viable approach to
meet Boiler MACT Regs

IEC (Task 4, Item 37)

Provide Tech Assistance to lowa NGA Industry Policy
Academy efforts (Task 4, Item 38)

Assist/participate as appropriate in Utility Standby
Rate Proceedings (2013) (Task 3, Iltem 39)

Q5.2013. MW CEAC reviewed
proposed standby rates of Mid-
American in Q6.2013 and provided
recommendations.

Ongoing (final report to be
submitted Q7.2013)

Ongoing




— written testimony to be

submitted Q7.2013 on behalf of
IEC on inclusion of CHP in
Alliant Energy’s 3 Year EE
Program; in-person testimony
expected Q7.2013)

— MW CEAC working with ICF on

market penetration study
analyzing impacts of standby
rates and EE incentives
(expected completion in
Q7.2013)

Minnesota

. Inclusion of CHP/WHR in SEO
programs and
recommendation to PUC for

Complete study/papers on net metering and standby
rates (Task 4, Item 40)

Ongoing (MW CEAC under contract
with MN SEO Mar, Q6.2013, work
on study to commence April,

DG policy reform Q7.2013)
. CHP as a viable approach to
meet Boiler MACT Regs
Rest of States * CHP as a viable approach to Activities as required and identified (Task 6, Iltem 41) Ongoing

meet Boiler MACT Regs

Other

* Educational Material

Update Resource Guidebook (Task 4, Item 42)

Partially Completed; guidebook
stalled due to waiting for completion
of ASHRAE CHP Guide by MA
CEAC and ICF publication of CHP
Installation Costs (material needed
for guidebook to ensure consistency
of CHP publications)

Other

* Educational Materials published
on CEAC Website

Launch 2 additional market sector pages on Website
(per direction of CEAC Website Working Group) (Task
4, Item 43)

MW CEAC developing hospital and
dairy market sector pages (expected
completion Q7.2013)

Boiler MACT

*  Midwest CHP System
Installations

Boiler MACT - finish pilot in Ohio, transfer pilot to
other assigned states (Task 7, ltem 44)

Ongoing: Ohio Boiler MACT activity
continued,; status log provided to
ICF every two weeks

Other States:

— MW CEAC under contract with 8
sub-contractors in Q6.2013; MW
CEAC to host kick-off meeting
with sub-contractors in April,
Q7.2013 to launch Boiler MACT
outreach (initially assigning 80+
sites to team members).

— MW CEAC presented Boiler
MACT outreach on 3 webinars
during Q6.2013.

SEEAction

* Educational Materials on CHP
Policy

SEE Action participation on IEE/CHP working group
(rep CEACs) (Task 3, Iltem 45)

Ongoing:

— SEE Action Report published
Q6.2013

— MW CEAC to co-lead CEAC
conference call in May, Q7.2013

— MW CEAC participation in
conference calls, emails, etc.

Market Sector
Development

« Market Sector Business Plans

Take lead on development of Hospital market sector
plan (Task 2, Item 46)

Support development of Biomass (NW lead) WHP
(Pacific lead) market sector plans (Task 2, Item 46)

Ongoing

— Updated plan submitted Feb,
Q6.2013

— MW CEAC developed CHP 101
Presentation for Hospitals Mar,
Q6.2013 (to be presented Apr,
Q7.2013)




Ongoing participation on conference
calls, reviewing drafts, providing
comments of other Market Sector
Plans

Other

Midwest CHP System Installations

.

Monitor installation of new CHP sites in MW
Identify/Assist in installation of min 10 new CHP/WER
sites in MW (Task 2/4/5, Item 47)

Ongoing (submit info to ICF)
Ongoing
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Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

July 26, 2013

Dear Mr. Renk,

Please find the attached Progress Report for the 7" Quarter of Fiscal Year 2013
(Q7.FY 2013) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $186,845.83 for Q7.FY 2013:

e Apr2013: $59,382.41
e May: $57,420.41
e June $70,043.83

Below you will find a brief synopsis of our activities (deliverables and tasks) for
Q7.FY2013. If you have any questions, please do not hesitate to contact John Cuttica
(312-996-4382, cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefk1l@uic.edu).

Thank you,

John Cuittica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center
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Quarterly Progress Report
7" Quarter Fiscal Year 2013

Section 1: Award Number: DE-EE0001108

Section 2: Project Title and Name of Directors/ Principal Investigators
a Project Title: Midwest Region Clean Energy Application Center
b. Name of Project Directors/ Principal Investigators
I. John Cuttica, (312) 996-5620, cuttica@uic.edu
ii. Cliff Haefke, (312) 355-3476, chaefk1@uic.edu

Section 3: Report and Period Covered by the Report
a. Report submitted 07/28/2013
b. Reporting Period: April 1, 2013 through June 30, 2013

Sections 4,5,7: Quarterly Accomplishments & Schedule Status

The US DOE Midwest Clean Energy Application Center (MW CEAC), one of the nine
DOE sponsored Clean Energy Application Centers, promotes and assists in transforming
the market for CHP, waste heat to power, and district energy technologies and concepts
throughout the twelve Midwest state region. The MW CEAC was the first Application
Center awarded by DOE in 2001 and is managed by personnel located at the Energy
Resources Center at the University of Illinois at Chicago. The key services of the
Regional Clean Energy Application Centers include:

e Market Assessments— Supporting analyses of CHP market potential in diverse
sectors, such as, health care, industrial sites, hotels, and new commercial and
ingtitutional buildings.

e Education and Outreach — Providing information on the benefits and applications
of CHP to state and local policy makers, regulators, energy end-users, trade
associations, and others.

e Technica Assistance — Providing technical information to energy end-users and
othersto help them consider if CHP, waste heat recovery or district energy makes
sense for them. This includes performing site assessments, producing project
feasibility studies, and providing technical and financial analyses.

The MW CEAC was active during the 7" Quarter in a number of the twelve Midwest
states encompassing a variety of activities. The following highlight the major activities
and goals accomplished during Q7.FY 2013 set out in the MW CEAC Project
Management Plan.
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Ohio - Q7.FY 2013 activities focused on the Governor’s new energy plan, the DOE
Boiler MACT Pilot program, activities and engagement with the PUCO, and
standby rate analysis.

The MW CEAC has continued to assist in the evaluation of CHP asan EE
measure working with stakeholders in Ohio.

The Ohio CHP Coadlition published “Implementing the Combined Heat and Power
and Waste Energy Recovery Provisions of Revised Code Section 4928.66” in
April 2013. The paper was prepared by NRDC and OEC; the Midwest CEAC
reviewed and commented on the paper.

The MW CEAC attended and presented at the Public Utilities Commission of
Ohio (PUCO) workshop on April 23 in Columbus, OH, that initiated its five-
year review of Ohio’s energy efficiency and aternative energy portfolio standard
rules.

The MW CEAC has continued to support the PUCO in all CHP/WHP inquiries
relating to individual projects and technical assistance (including Boiler MACT).

[llinois— Q7.FY 2013 activities focused on state EE/CHP planning, AD/CHP
development, and other education outreach efforts

U.S. DOE Midwest Clean Energy Application Center

The MW CEAC worked with the Illinois Governor’s Office, Illinois Commerce
Commission, Illinois Department of Commerce and Economic Opportunity
(DCEO), and Illinois EPA to develop Industrial EE/CHP State Action Plans
through the National Governors Association’s (NGA) Policy Academy in
Q7.FY2013.

The final report for the lllinois CHP NGA Policy Academy Team was submitted
on April 30", 2013 to the Governor titled: State of Illinois Action Plan Enhancing
Industry through Energy Efficiency & Combined Hest and Power.

The Midwest CEAC assisted the Illinois EE/CHP NGA Policy Academy Team in
organizing and implementing the June 5™ 11linois Workshop on Combined Heat
and Power (CHP) investigating the CHP EE opportunitiesin Illinois. Attendees
included Peoples and NICOR (gas utilities), Ameron and ComEd (electric
utilities), lllinois Commerce Commission, Illinois Power Authority, Department
of Commerce and Economic Opportunity (Illinois SEO), and other stakeholders.
The MW CEAC presented at The lllinois Institute for Regulatory Policy Studies
Conference “Utility Regulation: The Good, the Bad, and the Efficient” in
Springfield, 1linois on April 18" on the presentation titled “Combined Heat and
Power (CHP), An Opportunity for Illinois Policy.”

The MW CEAC met with the Board Members of the Midwest Cogeneration
Association (MCA) on June 25™.

The MW CEAC coordinated a site tour to the UIC West Campus CHP Plant for
Congressman Mike Quigley (D-I Lg on April 2™. Congressman Quigley isthe
U.S. Representative for lllinois’ 5" congressional district, serving since the April
7, 2009 special election.

The MW CEAC continued to work with two potential community digester CHP
projectsin lllinois initiating engineering studies and investigating funding and
financing options:
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o Growing Power and Green Era (high profile urban based community
digester CHP project within city limits of Chicago). MW CEAC is
assisting in securing grant funding through the Illinois Department of
Commerce and Economic Opportunity and providing technical analysis on
the development of the project. Aninitial study was completed March
2013 titled — “Preliminary Financial Overview - Design, Build, Own,
Operate and Maintain and Urban Merchant Biogas Plant.”

o Clinton County downstate community digester project located near
Breese, IL that involves several key state parties (Association of Illinois
Electric Cooperatives, lllinois EPA, EPA Region 5, Department of
Commerce and Economic Opportunity). MW CEAC provided technical
assistance during January/February to select a qualified engineering firm
to complete the feasibility study (reviewing proposals, attending bidder
interviews, conference calls, emails, etc.). Feasibility Study is underway
with completion date of Fall 2013.

o The MW CEAC has been working with Illinois Department Commerce
and Economic Opportunity (DCEO-SEQO) on four (4) CHP projects at
WWTPsin FY2013.

= 2 CHP projects already began operation in Q5.2013 (the Midwest
CEAC attended the Open House on April 26™ for the Danville
Sanitary District)

= 2 CHP projects are expected completion in Q7/Q8.2013 (Downers
Grove Sanitary District Sanitary District of Decatur)

Wisconsin — Q5.FY 2013 activities
e The MW CEAC attended the May 1% Ribbon Cutting ceremony for the Biomass
CHP plant at Gundersen Lutheran in LaCrosse, WI. The Midwest CEAC
provided technical assistance early in the developmenta phase of the project.

lowa - Q7.FY 2013 activitiesfocused on utility rate barriersto CHP implementation
and state EE/CHP planning.

e InQ7.FY2013, the MW CEAC continued to assist the lowa CHP NGA Policy
Academy team.

e The MW CEAC has continued work on a CHP Market Penetration Study with
ICF International in Q7.2013 analyzing the impacts of improved standby rates and
incentives via utility energy efficiency programs within lowa. This study will be
utilized by the IEC and ELPC during upcoming rate cases and conversations with
the lowa Utilities Board.

e TheMW CEAC is preparing to testify on utility energy efficiency portfolio
hearingsin July (Alliant) and August (Mid-American).

Minnesota— Q7.FY 2013 activities focused on utility standby rate and net metering
barriersto CHP implementation.
e The Midwest CEAC has been working with the Division of Energy Resources
(DER) Minnesota Department of Commerce study viable CHP opportunities that
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could aid Minnesota meeting their state energy savings goals through analyzing
net metering and standby rates. Study to be completed in Fall 2013.

e TheMidwest CEAC presented “Combined Heat & Power (CHP)” @ the 2013
CenterPoint Energy Efficiency and Technology Conference, Track 2: Industrial
Energy Efficiency, Minneapolis, MN on May 21%. The MW CEAC aso hosted
an booth exhibit.

Market Sector Business Plans— Q7.FY 2013 focused on the developments of the
CHP Market Sector Business Plans
e Hospitals— MW CEAC leads the devel opment of the Hospital Market Sector
plan. The NE CEAC and IDEA are assisting CEACs. The GC CEAC joined the
Hospital Market Sector Business Plan at the CEAC Directors meeting in San
Diego, CA.

o MW CEAC developed with assistance from the Pacific CEAC a CHP 101
Presentation for Hospitals. The presentation was given at the April 4™
webinar sponsored by the Pacific CEAC.

o The MW CEAC attended the ribbon cutting ceremony for the Gundersen
Lutheran biomass CHP project on May 1completed a Project Profile on
the 2012 LFG CHP installation at the Gundersen Lutheran Health System
in Onalaska, Wisconsin.

o The MW CEAC is preparing a booth exhibit at the 50™ Annual American
Society for Healthcare Engineers (ASHE) Conference on July 22-24.

e Waste Heat Recovery — MW CEAC assisted lead Pacific CEAC
e Biomass— MW CEAC assisted lead NW CEAC

Other Activities

e The MW CEAC completed a CHP Course for the UIC Energy Engineering
Masters Coursein May 2013.

e The MW CEAC is updating the 2005 CHP Resource Guide in FY 2013, a rules-of-
thumb / ready reference document initially developed by the MW CEAC for a
wide range of interested parties considering the application of CHP systems. The
completed update of the CHP Resource Guide will be delayed until the ASHRAE
CHP Guide that is being developed by the Mid-Atlantic CEAC is completed and
the EPA CHP Catalog of Technologiesis updated. The MW CEAC wantsto
ensure consistent information is published between all three documents, most
notably equipment and installation costs.

e The MW CEAC is continuing technical assistance efforts.

e The MW CEAC is continuing Boiler MACT technical assistance efforts and other
CEAC technical assistance efforts.

Section 6: Cost Status — The center invoiced $186,845.83 for Q7.FY 2013:

e Apr2013: $59,382.41
e May: $57,420.41
e June $70,043.83

U.S. DOE Midwest Clean Energy Application Center 6
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Section 8: Changesin Approach — N/A

Section 9: Anticipated Problems or Delays— N/A

Section 10: Absence or Changes of Key Personnel — N/A

Section 11: Product Produced or Technology Transfer Activities Accomplished

a. Publications; conference papers; or other public releases of results. Publications
are listed on the Midwest CEAC website..

i. 4/18 — Combined Heat and Power (CHP), An Opportunity for Illinois
Policy @ The Ingtitute for Regulatory Policy Studies Conference “Utility
Regulation: The Good, the Bad, and the Efficient”, Springfield, lllinois.

ii. 5/21 - Combined Heat & Power (CHP) @ the 2013 CenterPoint Energy
Efficiency and Technology Conference, Track 2: Industrial Energy Efficiency,
Minneapolis, MN.

iii.  6/19 - Taking Advantage of Combined Heat and Power (CHP) @ 2013
RE AMP Annual Meeting: Getting Clean Energy Built Workshop, Chicago,
IL.

iv. 6/28—DOE CEACs, CHP Market Drivers, & CHP Applications @ lowa
Combined Heat and Power Workshop, Des Moines, IA (Sponsored by NGA
and hosted by IEDA)

b. Web site or other Internet sites that reflect the results of this project — see ongoing
development of Midwest CEAC website @ www.midwestcleanenergy.org

c. Networks or collaborations fostered — N/A
d. Technologies/Techniques— N/A
e. Inventions/Patent Applications— N/A

f. Other products— N/A

U.S. DOE Midwest Clean Energy Application Center 7
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FY2013 CEAC Goals and Milestones

CEAC Goals Activities Outcomes Milestones Status (as of 3/31/13)
Midwest Ohio . Implementation of CHP / WHR | Participate in implementation activities (workshops, . Ongoing
as a specified & recognized hearings, meetings, etc.) for SB 315 (Task 3, Item 26) | COMPLETED: White Paper
technology in the utility EE . Develop consensus on policy direction (Ohio CHP published by OH CHP Coalition Apr,
programs. Coallition) (Task 3, Item 27) Q7.2013
. Inclusion of CHP as a viable . Successful Implementation of SB 315 into electric . Delayed: Initial PUCO workshop
approach to meet Boiler MACT utility plans (Task 3, Item 28) conducted by in Apr, Q7.2013.
Regs . Identify and initiate implementation of minimum 6 Further proceedings will take place
. Implementation of minimum 6 sites for CHP/WER installations (implementation of Fall ‘13
CHP/WER installations SB 315 and/or Boiler MACT) (Task 4/5, ltem 29) . Ongoing: several projects in
. Education and Technology support for Ohio coalition developmental phase; MW CEAC
and other stakeholders (Task 2/3/5, Item 30) has met with PUCO to assist
. Work with PUCO as follow up to standby rate study several potential projects
(Task 4, Item 31) . Ongoing: MW CEAC participates in
conference calls, email
communications, etc.
. Ongoing
lllinois . Initiate the implementation of a | « Work with lllinois on NGA Industry Policy Academy — . COMPLETED: Final report was
minimum of two biogas CHP Action Plan (Task 3, Iltem 32) completed Q7.2013; concluding
projects . Start up (initiate) minimum 2 biogas CHP sites workshop conducted in June)
. Bring the Ohio model to lllinois (partnerships with AIEC, DCEO, EPA Region V, etc.) . Ongoing
via the NGA Policy Academy (Task 5, Item 33) — Danville WWTF (100 kw CHP
(ELPC, IEC, NRDC, others) . Minimum 2 project profiles as result of CEAC Tech system) — operating Q7.2013
. EE/CHP Report to be Assistance work (Task 4, Item 34) — Downers Grove WWTF (138
submitted to Governor via kw) and Decataur WWTF (500
NGA Policy Academy kW) to be operating Q7/Q8.2013
. Inclusion of CHP as a viable — CHP Studies underway for 2
approach to meet Boiler MACT high profile community digester
Regs CHP projects during FY2013
(studies by sub-contractors)
. Developing 5 project profiles:
— 4 WWTPs (2 drafts completed
Q7.2013, 2 more to be
completed Q8.2013)
— 1 Ethanol Plant (to be completed
Q8.2013)
Wisconsin . Re-engage the SEO, include . Work with SEO in targeted markets (outreach . Ongoing:
CHP in their energy programs. activities) (Task 2, Item 35) — Providing technical assistance to
. Continue technical support on . Min 1 project profile as result of technical assistance projects in identified target
high visibility CHP/WHR work (Task 4, Item 36) markets
projects (target markets — CHP Boiler MACT analysis
remain biogas and pulp/paper) underway at paper mill
. Inclusion of CHP as a viable . COMPLETED:
approach to meet Boiler MACT — Gundersen Lutheran LFG CHP
Regs Project Profile, Onalaska, WI
(completed Q5.2013)
— Gundersen Lutheran Biomass
CHP Project Profile, La Crosse,
WI (expected completion
Q8.2013)
lowa . IEC & ELPC introducing utility . Complete standby rate recommendations study with . COMPLETED: submitted Dec,

rate reform to PUC
EE/CHP Report to be
submitted to Governor via
NGA Policy Academy

IEC (Task 4, Item 37)

Provide Tech Assistance to lowa NGA Industry Policy
Academy efforts (Task 4, Item 38)

Assist/participate as appropriate in Utility Standby

Q5.2013. MW CEAC reviewed
proposed standby rates of Mid-
American in Q6.2013 and provided
recommendations.




. CHP as a viable approach to
meet Boiler MACT Regs

Rate Proceedings (2013) (Task 3, Iltem 39)

COMPLETED (final report

submitted Q7.2013)

Ongoing

— written testimony submitted
Q7.2013 on behalf of IEC on
inclusion of CHP in Alliant
Energy’s 3 Year EE Program; in-
person testimony expected
Q7.2013)

— MW CEAC working with ICF on
market penetration study
analyzing impacts of standby
rates and EE incentives
(expected completion in
Q8.2013)

Minnesota

. Inclusion of CHP/WHR in SEO
programs and
recommendation to PUC for
DG policy reform

. CHP as a viable approach to
meet Boiler MACT Regs

Complete study/papers on net metering and standby
rates (Task 4, Item 40)

Ongoing (work on study began
April, Q7.2013)

Rest of States

* CHP as a viable approach to
meet Boiler MACT Regs

Activities as required and identified (Task 6, ltem 41)

Ongoing

Other

* Educational Material

Update Resource Guidebook (Task 4, Item 42)

Partially Completed; guidebook
stalled due to waiting for completion
of ASHRAE CHP Guide by MA
CEAC and ICF publication of CHP
Installation Costs (material needed
for guidebook to ensure consistency
of CHP publications)

Other

* Educational Materials published
on CEAC Website

Launch 2 additional market sector pages on Website
(per direction of CEAC Website Working Group) (Task
4, Item 43)

MW CEAC developing hospital and
dairy market sector pages (expected
completion Q8.2013)

Boiler MACT

*  Midwest CHP System
Installations

Boiler MACT - finish pilot in Ohio, transfer pilot to
other assigned states (Task 7, Item 44)

Ongoing: Ohio Boiler MACT activity
continued; status log provided to
ICF every two weeks

Other States:

— MW CEAC under contract with 8
staff members and sub-
contractors in Q7.2013; MW
CEAC hosted kick-off meeting
with sub-contractors in April,
Q7.2013 to launch Boiler MACT
outreach (initially assigned 80+
sites to team members).

SEEAction

¢ Educational Materials on CHP
Policy

SEE Action participation on IEE/CHP working group
(rep CEACs) (Task 3, Iltem 45)

COMPLETED / Ongoing:

— SEE Action Report published
Q6.2013

— MW CEAC co-led CEAC
conference call in May, Q7.2013

— MW CEAC participation in
conference calls, emails, etc.

Market Sector
Development

* Market Sector Business Plans

Take lead on development of Hospital market sector
plan (Task 2, Item 46)

Support development of Biomass (NW lead) WHP
(Pacific lead) market sector plans (Task 2, Item 46)

Ongoing

— Updated plan submitted Feb,
Q6.2013

— MW CEAC developed CHP 101
Presentation for Hospitals Mar,




Q6.2013 (presented Apr,
Q7.2013)

— MW CEAC preparing for July
ASHE Conference (booth
exhibit)

Ongoing participation on conference

calls, reviewing drafts, providing

comments of other Market Sector

Plans

Other

Midwest CHP System Installations

Monitor installation of new CHP sites in MW
Identify/Assist in installation of min 10 new CHP/WER
sites in MW (Task 2/4/5, Item 47)

Ongoing (submit info to ICF)
Ongoing
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Q8.FY2013 MW CEAC Progress Report

Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

November 1, 2013

Dear Mr. Renk,

Please find the attached Progress Report for the 8" Quarter of Fiscal Year 2013
(Q8.FY 2013) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $151,619.32 for Q8.FY 2013:

e Jul 2013: $46,004.86
e Aug: $30,354.48
o Sep $75,259.98

Below you will find a brief synopsis of our activities (deliverables and tasks) for
Q8.FY 2013. If you have any questions, please do not hesitate to contact John Culttica
(312-996-4382, cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefk1@uic.edu).

Thank you,

John Cuittica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center


mailto:cuttica@uic.edu
mailto:chaefk1@uic.edu

Q8.FY2013 MW CEAC Progress Report

Quarterly Progress Report
8" Quarter Fiscal Year 2013

Section 1: Award Number: DE-EE0001108

Section 2: Project Title and Name of Directors/ Principal Investigators
a Project Title: Midwest Region Clean Energy Application Center
b. Name of Project Directors/ Principal Investigators
I. John Cuttica, (312) 996-5620, cuttica@uic.edu
ii. Cliff Haefke, (312) 355-3476, chaefk1@uic.edu

Section 3: Report and Period Covered by the Report
a. Report submitted 11/01/2013
b. Reporting Period: July 1, 2013 through September 30, 2013

Sections 4,5,7: Quarterly Accomplishments & Schedule Status

The US DOE Midwest Clean Energy Application Center (MW CEAC), one of the nine
DOE sponsored Clean Energy Application Centers, promotes and assists in transforming
the market for CHP, waste heat to power, and district energy technologies and concepts
throughout the twelve Midwest state region. The MW CEAC was the first Application
Center awarded by DOE in 2001 and is managed by personnel located at the Energy
Resources Center at the University of Illinois at Chicago. The key services of the
Regional Clean Energy Application Centers include:

e Market Assessments— Supporting analyses of CHP market potential in diverse
sectors, such as, health care, industrial sites, hotels, and new commercial and
ingtitutional buildings.

e Education and Outreach — Providing information on the benefits and applications
of CHP to state and local policy makers, regulators, energy end-users, trade
associations, and others.

e Technica Assistance — Providing technical information to energy end-users and
othersto help them consider if CHP, waste heat recovery or district energy makes
sense for them. This includes performing site assessments, producing project
feasibility studies, and providing technical and financial analyses.

The MW CEAC was active during the 8" Quarter in a number of the twelve Midwest
states encompassing a variety of activities. The following highlight the major activities
and goals accomplished during Q8.FY 2013 set out in the MW CEAC Project
Management Plan.

U.S. DOE Midwest Clean Energy Application Center 3
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Ohio — Q8.FY2013 activities focused on the Governor’s energy plan, the DOE Boiler
MACT Pilot program, activities and engagement with the PUCO, and standby rate
analysis.

e The MW CEAC continued to assist in the evaluation of CHP as an EE measure
technology working with stakeholdersin Ohio.

e The MW CEAC provided assistance to the Ohio CHP Coalition in preparing the
October 16™ webinar titled: “Developing CHP & WER Projects at the Public
Utilities Commission of Ohio.” Thiswebinar will assist in CHP projects today to
investigate energy efficiency incentives prior to rules being finalized in early
2014.

e The MW CEAC presented to the Ohio Manufacturing Association (OMA) Energy
Efficiency and CHP Working Group on July 17", 2013.

e The MW CEAC continued to support the PUCO in all CHP/WHP inquiries
relating to individual projects and technical assistance (including Boiler MACT).

Ilinois — Q8.FY2013 activities focused on state EE/CHP planning, AD/CHP
development, and other education outreach efforts

e The MW CEAC continued to support and promote the Industrial EE/CHP Action
Plan submitted by the Illinois NGA Policy Academy team (Illinois Governor’s
Office, Illinois Commerce Commission, Illinois Department of Commerce and
Economic Opportunity (DCEO), and Illinois EPA).

e The MW CEAC provided technical assistance to the Department of Commerce
and Economic Opportunity (DCEO) and reviewed DCEQO’s proposed CHP
incentive as part of the three year EE plan for the public sector submitted August
31%. Thethree year filing will be ruled on by the Illinois Commerce Commission
(ICC) by December 2013 with incentives becoming available June 2014 if the
incentives are approved.er.

e The MW CEAC presented on the topic of CHP and energy resiliency at two
Ilinois Energy Assurance workshops.

e The MW CEAC continued to work with two potential community digester CHP
projectsin lllinois initiating engineering studies and investigating funding and
financing options:

o Growing Power and Green Era (high profile urban based community
digester CHP project within city limits of Chicago). MW CEAC is
assisting in securing grant funding through the Illinois Department of
Commerce and Economic Opportunity and providing technical analysis on
the development of the project.

o Clinton County downstate community digester project located near
Breese, IL that involves several key state parties (Association of Illinois
Electric Cooperatives, lllinois EPA, EPA Region 5, Department of
Commerce and Economic Opportunity). MW CEAC provided technical
assistance to this project reviewing the feasibility phases of project
development.

e The MW CEAC has been working with the Illinois Department Commerce and
Economic Opportunity (DCEO-SEO) on four (4) CHP projects at WWTPs during
FY 2013 (2 are operational, 2 expected to be operation FY 2014).

U.S. DOE Midwest Clean Energy Application Center 4
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lowa — Q8.FY2013 activities focused on utility rate barriers to CHP implementation
and state EE/CHP planning.

In Q8.FY 2013, the MW CEAC promoted the Action Plan published by lowa CHP
NGA Policy Academy team.

The MW CEAC submitted testimony in September to the lowa Utilities Board
(ITUB) regarding proposed standby rates by Mid-American.

The MW CEAC worked with ICF Internationa exploring the CHP economic
potential in lowa. The economic results may be used in testimony with regards to
CHP being included in the lowa 10Us EE filings.

Minnesota — Q8.FY 2013 activities focused on utility standby rate and net metering
barriers to CHP implementation.

The Midwest CEAC has been working with the Division of Energy Resources
(DER) Minnesota Department of Commerce studying the viable CHP
opportunities that could aid Minnesota meeting their state energy savings goalsin
the Conservation Improvement Program (CIP) through analyzing net metering
and standby rates. The study is expected to be completed in October 2013.

Market Sector Business Plans — Q8.FY2013 focused on the developments of the
CHP Market Sector Business Plans

Hospitals— MW CEAC leads the development of the Hospital Market Sector
plan. The NE CEAC and IDEA are assisting CEACs.

o The MW CEAC attended the 50™ Annual American Society for
Healthcare Engineers (ASHE) Conference in July and manned a booth
representing all 8 CEACs. The MW CEAC met with over 70 contacts and
identified 40+ facilities with potential for CEAC technical assistance.

Waste Heat Recovery — MW CEAC assisted lead Pacific CEAC
Biomass— MW CEAC assisted lead NW CEAC

Other Activities

The MW CEAC is updating the 2005 CHP Resource Guide in FY 2013, a rules-of-
thumb / ready reference document initially developed by the MW CEAC for a
wide range of interested parties considering the application of CHP systems. The
completed update of the CHP Resource Guide will be delayed until the ASHRAE
CHP Guide that is being developed by the Mid-Atlantic CEAC is completed and
the EPA CHP Catalog of Technologiesis updated. The MW CEAC wantsto
ensure consistent information is published between all three documents, most
notably equipment and installation costs.

The MW CEAC is continuing technical assistance efforts with several facilities
including working with several federal facilitiesin preparation of future FEMP
incentives.

The MW CEAC is continuing Boiler MACT technical assistance efforts and other
CEAC technical assistance efforts.
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Section 6: Cost Status — The center invoiced $151,619.32 for Q8.FY 2013:

e Jul 2013: $46,004.86
e Aug: $30,354.48
e Sep: $75,259.98

Section 8: Changesin Approach — N/A

Section 9: Anticipated Problems or Delays — N/A

Section 10: Absence or Changes of Key Personnel — N/A

Section 11: Product Produced or Technology Transfer Activities Accomplished

a. Publications; conference papers; or other public releases of results. Publications
are listed on the Midwest CEAC website..

i.  7/17 — Taking Advantage of Combined Heat and Power (CHP) @ Ohio
Manufacturing Association (OMA) Energy Efficiency & CHP Working
Group, webinar.

ii.  7/22 — CHP and Critical Infrastructure @ State of I1llinois Energy
Assurance Workshop for Municipalities, Springfield, IL.

iii.  7/23 — CHP and Critical Infrastructure @ State of Illinois Energy
Assurance Workshop for Municipalities, Glen Ellyn, IL.

iv.  7/31 - Taking Advantage of Combined Heat and Power (CHP) @ Illinois
Commerce Commission Joint Electric and Gas Policy Committee Meeting
Combined Heat and Power (CHP) and its Role in Industrial Energy
Efficiency, Springfield, IL.

v. 8/22 — Combined Heat and Power as a Boiler MACT Compliance
Strategy @ Air Waste & Management Association (AWMA), Chicago, IL

vi.  9/15 - Combined Heat and Power (CHP) Update on Security and
Resiliency @ Energy Security Committee NASEO Annual Meeting, Denver,
CO

b. Web site or other Internet sites that reflect the results of this project — see ongoing
development of Midwest CEAC website @ www.midwestcleanenergy.org

c. Networks or collaborations fostered — N/A
d. Technologies/Techniques— N/A
e. Inventions/Patent Applications— N/A

f. Other products— N/A

U.S. DOE Midwest Clean Energy Application Center 6
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Mr. Joe Renk

Project Manager

Power and Vehicle Technology Division
NETL

PO Box 10940

Pittsburgh, PA 15236-0940

January 30, 2014

Dear Mr. Renk,

Please find the attached Progress Report for the 9" Quarter of Fiscal Year 2013
(Q9.FY 2013) for award number DE-EE0001108 — “Midwest Region Clean Energy
Application Center.”

The center has invoiced $223,288.98 for Q9.FY 2013:

e QOct 2013: $79,292.89
e Nov: $48,301.02
e Dec: $95,695.07

Below you will find a brief synopsis of our activities (deliverables and tasks) for
Q8.FY 2013. If you have any questions, please do not hesitate to contact John Cuttica
(312-996-4382, cuttica@uic.edu) or Cliff Haefke (312-355-3476, chaefk1l@uic.edu).

Thank you,

John Cuittica
Cliff Haefke

U.S. DOE Midwest Clean Energy Application Center
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Quarterly Progress Report
9" Quarter Fiscal Year 2013

Section 1: Award Number: DE-EE0001108

Section 2: Project Title and Name of Directors/ Principal Investigators
a Project Title: Midwest Region Clean Energy Application Center
b. Name of Project Directors/ Principal Investigators
I. John Cuttica, (312) 996-5620, cuttica@uic.edu
ii. Cliff Haefke, (312) 355-3476, chaefk1l@uic.edu

Section 3: Report and Period Covered by the Report
a. Report submitted 01/30/2014
b. Reporting Period: October 1, 2013 through December 31, 2013

Sections 4,5,7: Quarterly Accomplishments & Schedule Status

The US DOE Midwest Clean Energy Application Center (MW CEAC), one of the nine
DOE sponsored Clean Energy Application Centers, promotes and assists in transforming
the market for CHP, waste heat to power, and district energy technologies and concepts
throughout the twelve Midwest state region. The MW CEAC was the first Application
Center awarded by DOE in 2001 and is managed by personnel located at the Energy
Resources Center at the University of Illinois at Chicago. The key services of the
Regional Clean Energy Application Centers include:

e Market Assessments— Supporting analyses of CHP market potential in diverse
sectors, such as, health care, industrial sites, hotels, and new commercial and
ingtitutional buildings.

e Education and Outreach — Providing information on the benefits and applications
of CHP to state and local policy makers, regulators, energy end-users, trade
associations, and others.

e Technica Assistance — Providing technical information to energy end-users and
othersto help them consider if CHP, waste heat recovery or district energy makes
sense for them. This includes performing site assessments, producing project
feasibility studies, and providing technical and financial analyses.

The MW CEAC completed the assigned DOE Technical Assistance Outreach activities
during Q9.FY 2013:

e The MW CEAC was tasked with contacting a combined 287 sitesin the
Intermountain, Midwest, Northwest, and Pacific CEAC Regions that were
identified by the U.S. EPA and/or other sources as sites that would be impacted
by Boiler MACT that burn coal or ail.
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e The CEACsweretasked to provide these major sources with information on cost-
effective clean energy strategies for compliance.

e DOE piloted thistechnical assistance effort in Ohio since March 2012 through the
Midwest CEAC, working with the Public Utilities Commission of Ohio (PUCO).

e These clean energy strategies were considered along with investmentsin pollution
controls to comply with the standards in the rule. Facilities that make use of this
technical assistance could potentially develop strategies to comply with the
regulations while adding to their bottom line. One strategy was natural gas CHP,
which is cleaner, more energy efficient, and can have a positive economic return
for the plant over time.

e The MW CEAC worked with 8 sub-contractors completing the Boiler MACT
Technical Assistance Outreach efforts to the assigned sites.

e The status updates of al contacts, outreach efforts, conversations, technical
analysis, technical assistance, and other related Boiler MACT activities related to
the 287 sites were submitted monthly and at the end of the contract period per the
request of DOE HQ to ICF International and in the communications format
developed by ICF International (i.e. DOE Contractor providing management
support of the DOE Boiler MACT Technical Assistance Outreach Efforts).

Section 6: Cost Status — The center invoiced $223,288.98 for Q9.FY 2013:

e Oct 2013: $79,292.89
e Nov: $48,301.02
e Dec: $95,695.07

Section 8: Changesin Approach — N/A

Section 9: Anticipated Problems or Delays — N/A

Section 10: Absence or Changes of Key Personnel — N/A

Section 11: Product Produced or Technology Transfer Activities Accomplished
a. Publications; conference papers; or other public releases of results.

b. Web site or other Internet sites that reflect the results of this project — see ongoing
development of Midwest CEAC website @ www.midwestcleanenergy.org

c. Networks or collaborations fostered — N/A
d. Technologies/Techniques— N/A
e. Inventions/Patent Applications— N/A

f. Other products— N/A
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