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Executive Summary

The overall deliverable from the project is the design, construction and commissioning of a detention
facility heating and cooling system that minimizes ownership costs and maximizes efficiency (and
therefore minimizes environmental impact). The primary deliverables were the proof of concept for the
application of geothermal systems for an institutional facility and the ongoing, quarterly system
operating data downloads to the Department of Energy’.

The primary advantage of geothermal based heat pump systems is the higher efficiency of the system
compared to a conventional chiller, boiler, cooling tower based system. The higher efficiency results in a
smaller environmental foot print and lower energy costs for the detention facility owner, Lancaster
County. The higher efficiency for building cooling is primarily due to a more constant compressor
condensing temperature with the geothermal well field acting as a thermal “sink” (in place of the
conventional system’s cooling tower). In the heating mode, Ground Couple Heat Pump (GCHP) systems
benefits from the advantage of a heat pump Coefficient of Performance (COP) of approximately 3.6,
significantly better than a conventional gas boiler. The geothermal well field acting as a thermal
“source” allows the heat pumps to operate efficiently in the heating mode regardless of ambient
temperatures. The well field is partially located in a wetland with a high water table so, over time, the
project will be able to identify the thermal loading characteristics of a well field located in a high water
table location. The project demonstrated how a large geothermal well field can be installed in a wetland
area in an economical and environmentally sound manner. Finally, the SW 40" Street Thermal Energy
Plant project demonstrates the benefits of providing domestic hot water energy, as well as space
heating, to help balance well filed thermal loading in a cooling dominated application.

During the period of August 2012 thru March 2014, with the detention facility occupied for the final
seven months, the well field supply water temperatures to the heat pumps dropped to a minimum of
39°F and reached a maximum temperature of 68 °F while providing 15,819 MMBtu of cooling energy
and 27,467 MMBtu of heating energy. During this period the peak recorded system cooling load was 610
tons and the peak heating load was 8.4 MMBtu. The DEC is currently evaluating the most beneficial
electric rate for plant operations. Total project cost of $16.9 million was approximately $3.2 million less
than the estimate provided in the grant application. The reduction in project costs were primarily due to
favorable construction material prices as well as strong competition in the local construction contractor
market.

The DEC plant reached the substantial completion milestone in December 2011 and began providing
thermal service to the detention facility in January 2012 when the building’s HVAC system was ready to
accept heating service. The plant reached commercial operating status on August 1, 2012. However, due
to construction delays, the detention facility was not occupied until September of 2013. The detention
facility construction delays also impacted the installation and commissioning of the project’s dedicated
domestic hot water heat pump. Final coordination with the detention facility’s building management
system vendor to establish network links for the exchange of date is currently being completed. This will
allow the development of control sequences for the optimal operation of the domestic hot water
system.

! The project’s Monitoring and Analysis Plan and operating data can be found on the DOE contractor
website (see below link) referencing project: ARRA GSHP Site 15 — District Energy — Monitoring Plan.
http://cdhenrgy.user.openhosting.com/ORNL_GHP/Site%2015%20District%20Energy%20SW%2040th%20St/
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DEC and Project Background

The District Energy Corporation (DEC) is a nonprofit inter-local corporation created by the City of Lincoln
and Lancaster County to provide space heating and cooling needs for County, City and State buildings in
Lincoln, Nebraska. The DEC has its origins in studies initiated in 1984 by the City of Lincoln and the
Lincoln Electric System. The DEC was formed December 15, 1989. It is governed by a five member Board
of Directors appointed by the Lancaster County Board, Lincoln City Council, Mayor of Lincoln, and
Lincoln Electric System Administrative Board. The DEC contracted with the Lincoln Electric System (LES)
to provide management, technical, accounting and administrative functions as well as operate and
maintain the DEC facilities. The first facility, serving the 595,500 sqg. ft. of County/City government
buildings, began providing service in 1991. An additional facility was constructed in 1999 to serve the
State Capitol, State Office Building and State Administrative Office building (827,000 sq. ft. of office
space). The County Adult Detention Facility (CADF) geothermal system was constructed in 2011. Finally,
the DEC developed a district energy system that currently serves 845,500 sq. ft. of space including a
15,000-seat arena as well as office, retail and residential space in the newly developed West Haymarket
District. The system has been designed to expand to serve an additional 500,000 sq. ft. of mixed use
space.

In 2008 the Lancaster County Board approved the construction of a 786 bed county adult detention
facility, for occupancy in 2012. During the decision process the County Board requested the District
Energy Corporation to identify the optimal heating and cooling system for the new facility. The Lancaster
County Board was familiar with the DEC since it has provided heating and cooling services to county
facilities since its incorporation in 1991. As part of the evaluation, the DEC commissioned an engineering
and economic analysis which evaluated ten different heating and cooling system designs. The analysis
identified a geothermal based heat pump system to have the lowest life cycle costs. Even though the
installed “first cost” of the ground coupled heat pump system (GCHP) was estimated to be $2.5 million
more than the conventional boiler/chiller/cooling tower based system; the GCHP system’s higher
efficiency and projected energy savings of 29%, more than recovered the additional capital costs over
the 50 year life of the facility. The analysis forecasted first year energy and O&M savings of $166,500
and the 50 year net present value “all in cost” savings of $8 million for the GCHP system compared to a
conventional system. Therefore, the Lancaster County Board approved the District Energy Corporation’s
recommendation to proceed with the installation of a geothermal, ground coupled heat pump system
for the new detention facility. In 2009 the District Energy Corporation applied for and was awarded a $5
million DOE Energy Efficiency and Renewable Energy grant, as part of the American Recovery and
Reinvestment Act, to assist with the development of the geothermal based energy production system.

The thermal system’s primary components are:

e the geothermal well field comprised of 667 - 300 foot deep wells,

e five 350 ton heat pump banks with each bank containing 10 heat pump compressors,

e six circulating pumps (2 each for both well field loop and hot and chilled water loops)and
e 4 pipe distribution piping for the hot and chilled water distribution.

The SW 40" DEC Thermal Plant project included not only the geothermal thermal system but also three
1200 kW emergency generators which provide emergency electrical service for both the DEC plant and
the correctional facility.



The project was managed by the Lincoln Electric System with Farris Engineering acting as the Owner’s
Engineer. Separate contracts were issued for major pieces of equipment (heat pumps, large pumps,
emergency generators, etc.) and construction activities (well field and thermal plant). In all, the project
required over 20 equipment and construction contracts, which were competitively bid.

Geothermal Well Field Construction Overview

Geothermal wells are used with heat pumps to provide efficient, environmentally beneficial heating and
cooling. The well field provides a heat sink/source for the heat pumps allowing them to operate a
maximum efficiency. Lancaster County selected to use a geothermal system at the new Lancaster
County Adult Detention Facility, located at W. O Street and SW 40" Street, Lincoln, Nebraska since it had
the lowest life cycle costs of nine different HVAC systems evaluated by Farris Engineering. The project
also received a $5 million ARRA grant due to the use of the geothermal system.

As part of the design process test boreholes were drilled to perform well field thermal properties
testing. The tests indicated the proposed well field site had good thermal characteristics with a
calculated thermal conductivity (Kg) of 1.56 Btu/hr.-ft.-°F and an estimated thermal diffusivity of 1.34
ft?/day. The thermal test report is included in the Appendix.

During the development of the eight acre, 667 borehole well field, a subcontractor to the primary well
field contractor used a 5.5” drill bit instead of a 6” drill bit to bore 145 of the 300 foot deep wells. On
October 12, 2010 the Nebraska Department of Health and Human Services (HHS) notified the well field
contractor the 145 wells must be abandoned and re-drilled. After multiple meetings with HHS, the DEC
and Lancaster County it was decided to file a petition with the HHS challenging the determination that
the bore holes needed to be abandoned. The petition identified the following points:

e The 145 bore holes substantially conform to the requirements, purpose, and function of the
design,

e The dimensions for all or some of 145 bore holes are within reasonable tolerances of regulatory
requirements,

e Abandoning and re-drilling the boreholes may increase, rather than reduce, the likelihood of
groundwater contamination,

e The requisite volume of sealing grout used was comparable to the volume for a 6” diameter
hole,

e All boreholes have been inspected for proper grout column integrity

e Numerous thermal conductivity tests demonstrated the suspect bore holes exceed minimum
rates of conductivity,

e The bore hole diameter would meet regulatory requirements in the states of Colorado, Kansas
and Missouri,

e Reduced bore hole sizes increase the thermal performance of a well field,

e Reduced bore hole sizes reduce the potential for aquifer contamination by water movement
through the borehole,

e Re-drilling 145 boreholes constitutes unreasonable economic waste.

HSS declined the petition and the existing 145 boreholes loops were removed and new boreholes were
drilled. All costs for removing the non-compliant loops and re-drilling compliant boreholes were born by
the well field contractor and there were no additional cost to the DEC. While, the well field rework



impacted well field completion schedule it did not impact the ability to provide thermal service on
schedule.

Thermal Plant Construction Overview

The 16,500 sq. ft. CADF Thermal Plant includes areas for both the thermal energy production facility and
the emergency electrical generator systems. The emergency generators are located in a separate room
from the thermal energy equipment. In addition to the three 1600 kW emergency generators the plant
houses:

e Redundant circulating pumps for both the well field and hot and cold water loops,

e Five heat pump banks totaling 1750 tons of cooling capacity

e Well field header system

e Loop strainers and de-aeration equipment

e Control Room

e Electrical switchgear and motor control centers

The ground loop system is circulated by two 75 hp pumps providing 3350 gpm; the cooling water loop
can circulate 2553 gpm using two 50 hp pumps and the heating water loop is circulated using two 25 hp
pumps that provide 1360 gpm. All circulating pumps have 100% redundancy. Well field headers are
located in the basement of the plant and balancing valves are installed for each thermal loop segment.
The system includes air/dirt separators for both the well field loops and the thermal distribution loops.
Removing excess air from the piping systems reduces pumping energy. The electrical switchgear
equipment allows the plant and detention facility to transfer from utility service to isolated operation in
an emergency situation. The plant can be remotely monitored from any of the three other DEC thermal
plants and LES’ Rokeby Generating Station (where the DEC operating staff are located).

Heat Pump Technology

The CADF thermal system consists of 26 (five banks of five units plus one additional used to supplement
domestic hot water production), 70-ton Multistack water-to-water heat pump units (WWHPs). The
nominal combined capacity of the system is 1,820-tons. Each heat pump bank contains ten Copeland
screw compressors that operate in 5 stages. The 25 WWHPs located in the thermal plant serve the four-
pipe distribution system, allowing for high diversity mixed heating and cooling loads to be met
efficiently. Typical peak summer operation is anticipated to utilize three banks of WWHPs (up to 1,050
tons) for cooling, one bank (350 tons) for space heating or re-heat, and one bank as a backup. As the
heating load increases, some of the heat pump banks switch from cooling operation to heating
operation, but the four-pipe system always allow for simultaneous heating and cooling service to be
provided.

The final WWHP, located in the detention facility, is dedicated solely for domestic hot water (DHW),
serving an independent DHW loop separate from the thermal plant heat pumps. The DHW heat pump
was not part of the grant scope; however the energy used from the geothermal loop for the DHW
system, supply and return loop water temperatures and flow will be provided in the monitoring data.



Domestic Hot Water Heat Pump System Study

The energy modeling completed by the detention facility’s architectural engineer estimated domestic
hot water peak energy consumption of 5.7 MMBtu/hour, with an annual usage of 14,241 MMBtu/year
(based on 1000 bed occupancy). This energy use is equivalent to 123% the estimated space heating
requirements of 11,550 MMBTU/year. The building energy modeling also indicated the overall space
conditioning requirements will be cooling load dominated, on an annual basis. With the system being
cooling load dominated the geothermal well field temperature will trend up over time. One approach to
address the temperature issue is improving the system’s thermal balance by adding heating load.
Therefore, the District Energy Corporation (DEC) working with Farris Engineering and Clark Enersen
Partners evaluated the economics and operational benefits of integrating the domestic hot water
system with the DEC’s geothermal system.

The evaluated domestic hot water system (HWS) consisted of three stages. The first two stages would
use heat exchangers connected to the DEC hot water supply and return loops. This arrangement would
bring the city water service from 55 °F to approximately 115 °F. The final temperature rise to 140-145 °F
would be accomplished with a water source heat pump. The heat pump operates on the chilled water
loop when the jail requires space cooling (approximately 4600 hr./yr.) and ties directly to the DEC
geothermal loop field during the remainder of the time. Energy savings of at least 35% are projected by
using the geothermal system for domestic hot water production. The domestic hot water system will
remove heat energy from the geothermal system, significantly improving the geothermal system’s
energy balance. This will improve overall thermal system efficiency and reduce the electrical demand of
the DEC Central Plant system. The central plant benefits have not been quantified for this analysis.

A dedicated heat recovery heat pump heats the domestic hot water from approximately 115 °F to 140
°F. While operating on the chilled water return loop (with an entering loop water temperature of 52 °F
and a leaving water temperature of 42 °F) the heat pump would have a COP of approximately 5.7.
Assuming the heat pump had a monthly 33% capacity factor. The demand component of the electric
costs would be determined by dividing the demand charge, $16.20/kW, by 240 hours, which is
approximately one-third of the month. The electrical demand charge would add approximately
$0.0675/ kWh to the energy cost (516.20/240 hours). The total domestic hot water heating cost for the
DEC based system would be $0.0975/kWh ($28.04/MMBtu) for a summer month. Using a COP of 5.7
and an 80% efficient gas water heater this would be equivalent to $3.94/MMBtu for natural gas.
Obviously, the heat pump needs to be controlled by the detention facility’s building management
system so that heat pump operation does not increase the detention facilities monthly electrical
demand charge. And it is only operated when the unit would have a monthly capacity factor of 33% or
greater. When operated without increasing the jail’s monthly electrical demand charge the equivalent
price for heating the water with the geothermal heat pump is less than $2.35/MMBtu. The current DEC
estimate for “burner tip” delivery of natural gas in 2013 is between $6 and $7/MMBtu.

The additional capital cost for the system was approximately $200,000. The estimated energy savings
from the DEC connected domestic hot water system is $65,000 per year. The system is expected to save
the County $1.7 million in energy costs over the first twenty years of operation. It has a simple payback
of 3 years and a net present value of $798,000 in the first twenty years®. There would also be energy
savings incurred by the DEC due to the central plant equipment operating more efficiently with the

2 Study assumed 2011 natural gas price of $8.00/MMBtu, 14,241 MMBtu/yr. domestic hot water requirements and
80% efficient natural gas boiler.



lower well field loop temperature. Ultimately these savings would also be realized by the County in the
form of lower space conditioning energy costs. A better balanced system would also delay and reduce
the need for future well field conditioning due to the energy imbalance. The jail facilities installed
natural gas water heaters for back up and peak shaving operation.

The DEC is currently coordinating domestic hot water system operation with the detention facility
building automation control system vendor. Since the domestic hot water system equipment is located
with-in the detention facility it was decided the jail maintenance staff take responsibility for the
system’s maintenance.

Environmental Permitting

Since the project disturbed more than 1 acre of land a Storm Water Pollution Prevention Plan was
required. In addition, since the geothermal well field is constructed in wetlands a 404 Wetlands Permit
was required. Due to rigorous erosion control and good general site management procedures there
were no violations of either permit during construction of the well field or thermal plant facilities. The
emergency generators require an air permit and since the site was one contiguous property under the
control of one entity, the County, the DEC air permit needed to include the emissions of the detention
facility’s backup, domestic hot water natural gas boilers.

Project Schedule

The DEC plant reached the substantial completion milestone in December 2011 and began providing
thermal service to the detention facility in January 2012 when the building’s HVAC system was ready to
accept heating service. The project was substantially complete and providing thermal services ahead of
the schedule provided in the grant application. The plant reached commercial operating status on
August 1, 2012. However, due to construction delays, the detention facility was not occupied until
September of 2013.

Key Milestone Dates:

Detention Facility Project Approved by Lancaster County Board: July 2007
Feasibility Study for HVAC system completed: October 2008

Thermal Conductivity Testing Completed: December 2008

Begin Engineering Design Activities: April 2009

Thermal Service Agreement Signed with County: October 2009

Begin Construction Well Field: May 2010

Began Construction of Thermal Plant: May 2010

Began Providing Construction Heating to detention facility: January 2012
Completed Construction of Well Field: January 2012

Completed Construction of Thermal Plant: March 2012

Plant Reached Commercial Operations Status: July 2012

Project Cost Breakdown

Total project costs of $16.9 million were approximately $3.2 million less than the estimate provided in
the grant application. The original project cost estimates were based on engineering estimates
developed by Farris Engineering in consultation with the DEC. The DEC did not have any of the work bid



at the time of the grant application. The reduction in project costs were primarily due to favorable
construction material prices as well as strong competition in the local construction contractor market.
The County also experienced the same beneficial construction market for the detention facility. The
engineering estimate for the detention facility was $84.5 million but the actual bid was for $65 million.
Costs associated with the emergency electrical generating system were tracked separately since those
costs were not eligible for grant matching funds. Tax free municipal bonds were issued by the DEC to
fund the project.

Table 1: DEC County Adult Detention Facility Project Expense Detail

Description Cost

Preliminary Design Costs $52,644.68
Design Backup Power System $551,515.73
Design Geothermal System $144,412.87
Purchase and Construction Backup Power System $5,220,855.07
Capital Purchases Heat Pumps $1,224,120.90
Construction Geothermal Plant $6,252,667.05
Construction Geothermal Well Field $1,800,900.00
External Consultant Geothermal System $1,018,006.61
Construction Management Geothermal System $569,312.75
Project Finance Geothermal System $23,299.29
Project Finance Backup Power System $22,739.75

Total Cost Project Direct Costs $16,880,474.71
Thermal System Costs Eligible for Reimbursements: $11,691,133

Plant Operations to Date

Even though the DEC facility began providing construction heating and cooling service in January 2012,
due to construction delays the detention facility wasn’t “occupied” until September 2013. The DEC
began providing operational data to DOE contractor on 1/1/13 and will continue providing data until
1/1/16. Since the facility has been occupied 43,286 MMBtu of thermal energy has been supplied by the
DEC geothermal heat pump system. Thermal heating energy consumption by the detention facility is
trending noticeable higher than building modeling predicted. The DEC is working with the Department
of Corrections staff to identify potential causes and evaluate solutions. One item that certainly
contributed to the higher usage is the CADF is still in the process of commissioning air exhaust energy
recovery systems. Higher than anticipated use of geothermal based snow melt systems may also be a
contributing factor to the higher usage. DEC staff is working with detention facility staff and vendors to
optimize the operation of the domestic hot water system.

Currently he plant operates under a “heating rate” tariff that has a lower energy rate during the October
thru May period but a higher energy rate during the June thru September period and no peak demand
charge. After additional operating data is available, the DEC will evaluate if changing to a “large light &
power” tariff, which has lower energy rates all year but includes an electrical demand component (with
a ratchet), provides an economic benefit.



Finally, the distribution piping system was extended in the fall of 2013 to provide service a new 18,000
square foot building located on the site which will house inmate work training programs and warehouse
facilities.

Awards, Publications and Conference Presentations

Quarterly presentations were made the DEC Board during the design and construction phases of the
project. The project’s design firm, Farris Engineering, received the American Council of Engineering
Companies 2013 Merit Award for the design of the SW 40" Street Thermal Plant.
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Monitoring and Analysis Plan ARRA GSHP Site 15 - District Energy

Introduction

This document describes the heat pump system configuration, and monitoring and data collection used
to characterize the ground source heat pump (GSHP) system installed at District Energy Corporation’s
thermal energy plant at the Lancaster Co. Adult Detention Facility (CADF) in Lincoln, NE. The detention
facility is a 270,000 square foot, 750-800 bed, secured facility. The GSHP system is located in a separate
thermal energy plant that provides hot and chilled water for the detention facility’s space heating air
handling system, radiant flooring heating systems, and space heating for the thermal energy plant. The
geothermal well field and dedicated heat pump is also used for the detention facility domestic hot water
pre-heating system. The GSHP system operates to displace a conventional boiler/chiller HVAC system at
the facility.

System Description

The GSHP system at this facility consists of 25 - 70-ton Multistack water-to-water heat pump units

(WWHPs) plus on bank of 3, 50 ton Multistack water-to water heat pumps used for domestic hot water
preheating. The nominal combined capacity of the system is 1,900-tons. The 25 WWHPs (five banks
with five units per bank) for space conditioning serve a four-pipe system, allowing for high diversity
mixed heating and cooling loads to be met efficiently. Typical peak summer operation is anticipated to
utilize three banks of WWHPs (up to 1,050 tons) for cooling, one bank (350 tons) for space heating or re-
heat, and one bank as a spare. As the heating load increases, WWHP capacity switches from cooling
operation to heating operation, but the four-pipe system will always allow for cooling capacity to be
provided.

The 150 ton WWHP is dedicated to domestic hot water (DHW) production, serving an independent DHW
loop from the space conditioning heat pumps. The domestic hot water system is also configured to
allow the detention facility to use either the geothermal loop field or the chilled water return loop as
the heat source for the DHW WWHP. The DHW heat pump was not part of the grant scope; however the
energy used from the geothermal loop for the DHW system, supply and return loop water temperatures
and flow will be provided in the monitoring data.

On the ground loop side of the WWHPs, the heat pumps are piped in parallel to a vertical bore
geothermal well field consisting of 667 bores each approximately 300-feet deep, for a total of 200,100
bore-feet and a normalized bore depth of 105 bore-feet/ton. Based on the anticipated operation of the
system for the design cooling load of 1,050 tons, the normalized bore depth increases to 228 bore-
feet/ton. Continuous heat extraction for DHW production and space heating operation are expected to
moderate the ground loop temperatures during peak heat rejection (cooling) periods.

The ground loop system is circulated by two 75 hp pumps (one primary and one backup) each providing
3350 gpm; the cooling water loop can circulate 2550 gpm using two 50 hp pumps (one primary and one
backup) and the heating water loop is circulated using two 25 hp pumps that provide 1350 gpm. All
circulating pumps have 100% redundancy and are controlled by variable frequency drives (VFD).

Figure 1 displays a basic schematic of the GSHP system, along with the location of the data points to be
monitored for ongoing performance monitoring.
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Figure 1. District Energy GSHP System Schematic with Monitoring Points

Figure 12 displays a basic schematic of the DHW part of the GSHP system, along with the location of the
data points to be monitored for ongoing performance monitoring.
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Data Collection

Performance monitoring and data collection for the WWHPs system will be provided by the District

Energy Corporation using the on-site Wonderware SCADA system. The SCADA system will poll the

sensors once per 10 seconds and provide 15-minute totals or averages of each sensor depending on the

sensor type. The data records will be recorded in a column oriented, comma delimited file (CSV format)

along with a corresponding date/time stamp for the data record. The data file will be transmitted to the

FTP site quarterly.

Table 1. District Energy Monitored GSHP Data Points we are investigating how we can get heat pump electrical usage

data

District Energy GSHP Monitoring Points

No. | Data Point Description Units Sensor
1| TGLS Ground Loop Supply Temperature deg F RTD'
2 | TGLR Ground Loop Return Temperature deg F RTD
3| FGL Ground Loop Flow GPM Impeller2
4 | THWS Supply Temperature Hot Water degF RTD
5 [ THWR Return Temperature Hot Water deg F RTD
6 | FHW Flow Hot Water GPM Impeller
7 | TCWS Supply Temperature Chilled Water deg F RTD
8 | TCWR Return Temperature Chilled Water deg F RTD
9 | FCW Flow Chilled Water GPM Impeller
10 | TDHWS Supply Temperature Domestic Hot Water deg F RTD
11 | TDHWR Return Temperature Domestic Hot Water deg F RTD
12 | FDHW Flow Domestic Hot Water GPM Impeller
13 | WPGL Ground Loop Pump 101 Power kWh VFD?
14 | WPGL Ground Loop Pump 102 Power kWh VFD
15 | WPHW Hot Water Loop Pump 301 Power kWh VFD
16 | WPHW Hot Water Loop Pump 302 Power kwWh VFD
17 | WPCW Chilled Water Loop Pump 201 Power kWh VFD
18 | WPCW Chilled Water Loop Pump 202 Power kWh VFD
19 | WDHWHP Domestic Hot Water Pump Power kWh VFD
20 | TAO Ambient Temperature deg F RTD
21 | WT Total Power District Energy Thermal Energy Facility kWh Meter”
22 | WP Total Power Generated kWh Switchgear5
1. Pyromation 100 ohm RTDs connected to an AB SLC500 RTD Input Module
2. Data Industrial Flow meters (Impeller flow sensors)
3. Variable Frequency Drive output
4. Plant electrical service utility meter
5. Emergency generators’ switchgear panel meters

Calculations from Monitored Data

Using the data collected, the following quantities of system performance can be determined.

Heat extracted (cooling operation) by WWHPs:
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Q¢ =500 x FCW x (TCWS-TCWR) /1000% 15 min + 60 min/h

Where:

Qc = Heat extracted from chilled water loop (MBtu)
FCW = Chilled water loop flow rate (GPM)

TCWS = Chilled water supply temperature to facility (°F)
TCWR = Chilled water return temperature from facility (°F)

Heat supplied (heating operation) by WWHPs:

Q4 =500 x FHW x (THWS-THWR) /1000 x 15 min + 60 min/h

Where:

Qy = Heat supplied to hot water loop (MBtu)

FHW = Hot water loop flow rate (GPM)

THWS = Hot water supply temperature to facility (°F)
THWR = Hot water return temperature from facility (°F)

Heat supplied (heating operation) by WWHPs to the DHW loop:

Qonw = 500 x FDHW x (TDHWS-TDHWR) /1000 % 15 min + 60 min/h

Where:

Qonw = Heat supplied to DHW loop (MBtu)
FDHW = DHW flow rate (GPM)

TDHWS = DHW supply temperature to building (°F)
TDHWR = DHW return temperature to building (°F)

Net heat transfer to the earth through the ground loop:
Qg = 500 x FGL x (TGLS-TGLR) /1000 x 15 min + 60 min/h

Where:
QgL = Heat Transfer through Ground Loop (MBtu)

(Heat rejected MBtu < 0, Heat extracted MBtu >0)
FGL = Ground Loop (Well Field) Flow (GPM)
TGLS = Ground Loop (Well Field) Return Temperature (°F)
TGLR = Ground Loop (Well Field) Supply Temperature (°F)

Heat pump energy in heating mode:
WHPHeat = (QH + C)~DHW' QG I—Extracted)/ 3.413

Where

Qy = Heat supplied to hot water loop (MBtu)

Qonw = Heat supplied to domestic hot water loop (MBtu)
QGLeytracted = Heat extracted from the ground loop (MBtu)
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Heat pump energy in cooling mode:
WHP o0 = (QGLRejected 'QC)/ 3.413

Where
Qc = Heat extracted from chilled water loop (MBtu)
QGLeytracted = Heat extracted from the ground loop (MBtu)

WWHP Heating Efficiency:

COPy = Qy/ ((WHPheart WPHW+ WPDHW +WPGLyypeqt) X 3.413)

Where:

WHPeat = Calculated heat pump energy in heating mode (kWh)

WPHW = Measured hot water circulating pump energy (kWh)

WDHWHP =Domestic hot water circulating pump energy (kWh)

WPGLyeat = Ground loop pump energy allocated to heating operation (kWh)
WPGLyyeat = WPGL x ( WHPeat + WHP,)

WWHP Cooling Efficiency:

EERc = Qc / (WHP oot WPCW+WPGLycoo1)

Where:

Q. = Heat extracted from chilled water loop (MBtu)

WHP (o0l = Calculated heat pump energy in cooling mode (kWh)

WPCW = Measured hot water circulating pump energy (kWh)

WPGLycool = Ground loop pump energy allocated to heating operation (kWh)
WPGLycool = WPGL x ( WHP oo + WHP)

Proposed Savings Calculation Methodology

To calculate the savings from this GSHP demonstration project, the measured delivered heating, cooling
and DHW loads provided by the WWHP units will be used to drive a performance map based model of a
conventional system relating input power required to delivered capacity. The performance map model

should incorporate variations in performance from changes in ambient conditions. Depending on the
completeness of the dataset collected, it may be necessary to relate the measured loads to an
independent variable, (such as ambient temperature) to project the load for periods of missing or
incomplete data collection.

The conventional system for comparison in cooling operation is a water cooled centrifugal chiller, using
a generic performance map of a water-cooled chiller from DOE2.

For heating and DHW operation, the conventional system for comparison is a natural gas fired boiler
system, with the comparison made using a generic forced-draft boiler performance map from DOE2. As
the GSHP system represents a premium system, comparisons could also be made to a high efficiency
condensing boiler system.
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The resulting calculation of the baseline system energy consumption should be performed at either an
hour-by-hour basis, or simplified using a bin calculation. Energy savings are derived by the difference in
measured energy for the GSHP system, and the projected energy consumption of the baseline system
from the performance map model. The savings calculation does not evaluate any difference in the
primary/secondary pumping energy, as the distribution components are assumed to operate equally in
both the GSHP system and baseline systems.

To account for the ground loop pumping energy contribution to the GSHP system, it is necessary to
separate the loop pumping energy into periods corresponding to WWHP heating and WWHP/Chiller
cooling operation. In the baseline heating system comparison, the boiler will have no energy
consumption that corresponds to the WWHP ground loop pump energy when heating operation occurs.
In the baseline cooling system comparison, a cooling tower performance model will be used to relate
input power to heat rejection load on a BTU/Wh basis. The cooling tower performance model can utilize
relations from DOE2 and be evaluated on an hour-by-hour basis, or a simplified kW/ton heat rejection
number can be assigned to the baseline system. The annualized heat rejection energy of the two
systems (GSHP rejected to ground loop, baseline chiller system rejected to ambient) will be compared as
a further component of GSHP energy savings.

Finally, because the baseline heating system requires fuel switching to natural gas, cost savings using a
standardized utility rate (such as either the actual site average utility rate, or the EIA average rate for
Nebraska) can be used to convert energy savings to energy cost savings for comparison.

System Operation

During the period of August 2012 thru March 2014, with the detention facility occupied for the final

seven months, the well field supply water temperatures to the heat pumps dropped to a minimum of
39°F and reached a maximum temperature of 68 °F while providing 15,819 MMBtu of cooling energy
and 27,467 MMBtu of heating energy. During this period the peak recorded system cooling load was 700
tons and the peak heating load was 8.4 MMBtu. Total project cost of $16.9 million was approximately
$3.2 million less than the original budget estimate. The reduction in project costs were primarily due to
favorable construction material prices as well as strong competition in the local construction contractor
market.
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Figure 1 Site Layout for SW 40" Street Thermal Energy Plant S
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Drawing 1: Site Layout with Well Field loop configuration

—— fj:. st a6 m
SRIMY g l%ﬁm l HOLLYHOSHOD ADHINT LIIELSA H i

[l

Ry
= - B
| AN B |
OEC EASEWENT

=T H— . e _ ! - iy
N, -
-\r—?g-"“r _r
; MH Eﬂjm
_ - i
Oy et M e |
#T] - ._\"EE:'_L._L\_J_\_ i —
] vﬁh'gr___-._r,:a—l_?;::.g_hl
e =
X I S
"*l—i E 4‘_ L, |I [ [ = .
)E: E | = il | Ll o]
e | L ek 4l : dk 4L
- r ﬁ | = d <4 P :‘\. L. |
- —H | | = = o = i1F qF - I
e _ | | = = = L. HE qF o
| | JdEl o . bk AR o |l
= :_/I | x i ia._l. b I!
- = t / 1
= O i s ' - |,!
1‘_ =] '..::.'.'.._".'..'I!:'.._.. L= 4k 4 4 F
I DAY LU N M M T
'_gg ] ++|-+|-f'+1+4'-|-+|--|--|++”
-I —_— b ++|--.-.--1-1+b-|-1-.---.--|+l'l
III h i ,,,_?_,_,,,_,_,_,'!'r
- Dl T e 1 i
: THAEAE 1B AF 4F {F
: :}:Zf::::ﬁ:::::::i!
5 +"|--Ir-|-r-|-l:++|-+r-1--|++|
= Y s I e
.............. 2 L L L
B o e o e e 1
Ji.l..l.l..--..--..l.l.a.l..--..--..-a.:
Jif‘-l-‘-“‘-“-‘-‘-r“‘-“-:]&
'-E-T—’E:Lt' 2L dL 4 :-..J.i:l.t =L AL AU G
I : .? o

21



Drawing 2: Thermal Plant General Arrangement
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Photo 1: SW 40" Street Thermal Plant (right) and Lancaster County Adult Detention Facility (left)

Photo 2: Well Field Drilling Operations
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Photo 3: Well Field Circulation Pumps (foreground), Filter/Air Separator (background)

Photo 4: Well Field Pipe Header system in plant basement.
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Photo 5: Thermal Plant Heat Pump Hall

Photo 6: 10 Stage Heat Pump Bank
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