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Summary of Workshop

Introduction

On March 15, 1999, Lawrence Berkeley National Laboratory hosted a workshop focused
on energy efficiency in Cleanroom facilities. The workshop was held as part of a multi-
year effort sponsored by the California Institute for Energy Efficiency, and the California
Energy Commission. It is part of a project that concentrates on improving energy
efficiency in Laboratory type facilities including cleanrooms. The project targets the
broad market of laboratory and cleanroom facilities, and thus cross-cuts many different
industries and institutions. This workshop was intended to raise awareness by sharing
case study success stories, providing a forum for industry networking on energy issues,
contributing LBNL expertise in research to date, determining barriers to implementation
and possible solutions, and soliciting input for further research.

Case Studies

The case studies that were presented represented a wide range of energy efficiency
improvements in several industries. They ranged from implementation of single
measures to a whole systems approach to energy savings. Opportunities for energy
savings were demonstrated for small firms as well as some of the industry’s leading
firms. Bach of the case studies demonstrated short-term payback in terms of avoided
energy usage. Typical payback periods ranged from 0.5-2.3 years. One of the case
studies involved a significant utility rebate due to the energy improvements that were
implemented.

Attendees

Workshop attendance included a cross-section of professionals active in various aspects
of cleanroom design, operation, and energy efficiency improvement. In attendance were
leading firms doing business in California representing the semiconductor,
biotechnology, national laboratories, semiconductor equipment manufacturers,
engineering firms, research organizations, and sponsoring organizations. Special
recognition of the presenters is due for their excellent work in preparing and presenting
material which heightened awareness of the opportunities for improvement. The
following individuals contributed greatly to the success of the workshop:

Rick Diamond, LBNL - for facilitating the proceedings.
Chris Robertson, Chris Robertson & Associates — for a discussion on the current
activities in cleanroom energy efficiency initiatives, including the activities of the

Northwest Energy Efficiency Alliance.

Ken Martin, Pacific Mechanical & Engineering, Inc. — for presentation of the
Hine Design VFD Case Study.




Carol Asuncion, Applied Materials — for presentation of the Applied Materials
chiller retrofit Case Study

Eric Concannon, Supersymmetry — for presentation of the Applied Materials
chiller retrofit Case Study

Dave Barr, Black & Veatch Corp. — for presentatlon of the Motorola class 10,000
conversion Case Study

Gary Shoenhouse, Genentech Corp. — for presentatior: of the Vacaville facility
Case Study

Peter Rumsey, Supersymmetry — for presentation of the STMicroelectronics Case
Study

Fred Gerbig, Gerbig Engineering Corp. — for a discussion of energy efficiency
measures and considerations in cleanrooms

Dale Sartor, LBNL — for a presentation describing prior LBNL research activities
and results.

Mark Holst, ATMI/Ecosys — for descnbmg the ATMI/ LBNL research and
commercialization agreement.

Dr. Michael Siminovitch, LBNL — for presentation of lighting technology
concepts.

Geoffery Bell, LBNL — for a demonstration of the ultra low flow fume hood.
Research

LBNL presented the activities in prior research for laboratory type facilities. Of note
were the development of a design guide for laboratories, a design intent tool, a low air-
flow fume hood, airflow distribution design tools, and lighting concepts. Participants
viewed demonstrations of “light tube” and fiber optic lighting concepts or a
demonstration of the patented low flow fume hood developed at the laboratory. An
agreement with ATMI was announced to develop additional applications of the fume
hood technology for semiconductor manufacturing applications.

Conclusions

Important initiatives are in progress through the Northwest Energy Efficiency Alliance,
EPRI/Sematech, Lawrence Berkeley National Laboratory, and many firms operating
cleanrooms. Cleanroom operators are beginning to benchmark and explore energy saving
opportunities. Cleanrooms are utilized in a number of different industries and institutions




yet the potential for significant energy reduction is cross-cutting for all applications. The
economic benefits from energy efficiency improvements typically provide very short
term return on investment, however the non-economic benefits such as worker safety or
environmental improvement often have more far reaching benefit.

The case studies presented highlighted several issues. There were consistently short
payback periods for the implemented measures. Return on investment typically occurred
in less than two and one half years and the ongoing benefits will accrue for the life of the
facility.  Energy efficiency improvements can be implemented as stand-alone
improvements, part of a larger retrofit project, or implemented in the initial design.
Several larger firms are participating in benchmarking activities to determine their
performance and are beginning to implement changes. Organizations such as
EPRI/Sematech have limited energy research programs underway. Most smaller firms
and some larger ones, are less likely to have the resources to undertake significant energy
efficiency studies and could benefit from public goods programs to learn about best
practices and new technologies. Electric Utility rebate programs can offer an incentive to
examine the potential areas of saving and other market transformation programs can
overcome other barriers identified. Facilities that implemented a whole systems approach
realized approximately $500,000 per year savings. Following the workshop,
STMicroelectronics decided that the case study for their facility could not be published.
Consequently no information for this case study is included. An additional case study is
being prepared and will be made available to the participants.

The attendees identified the typical barriers to implementing energy efficiency
improvements. The entire group then voted on the top four barriers. The complete listing
of barriers is included in this package. While many barriers to implementing energy
efficiency measures were discussed, the most prevalent issues were selected and the
group brainstormed possible solutions. The list of solutions is included in this package
and the group discussion is summarized below:

1. Insufficient design and construction time, and budget:

Work with all owner decision makers to convince them of the potential
benefits of energy efficiency and include requirements in requests for
proposal. Provide early planning for energy efficiency including clearer
design goals, consider third party energy efficiency analysis, develop financial
incentives for designers and constructors, and develop better tools for
designers’ use.

2. Capital budget approval:

Similar items to 1. above, plus emphasis on life cycle cost rather than first
(Capital) cost. Show energy cost as a line item in budget requests, include
energy efficiency upgrades with other upgrades, share improvements with the
rest of the industry, and highlight other non-energy advantages such as
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environmental benefits. Provide a fund for energy efficiency improvements
or utilize performance contracting. .

3. Emphasis on first cost rather than life cycle cost:

Energy efficiency can result in lower first cost and ongoing savings. Many
financing options are available including rebates, shared savings, guaranteed
savings, and outsourcing the upgrades/energy supply. Facilities aren’t always
operated as designed. A data base of building operating parameters would be
helpful. An integrated systems approach to energy efficiency is needed.

4. Uncertainty on room end use/process tool requirements:

Owners and suppliers need earlier decisions on building use. Design should
provide flexibility for future growth. Chiller and other long lead time
.equipment frequently drive early overly conservative selection. Work with
manufacturers to reduce delivery times.

The attendees also provided input on their three top priorities for further research and
development. The ideas included in. this report represent a wide range of research or
technology transfer activities. Some of the ideas related to overcoming the barriers
previously identified while others addressed new opportunities for energy efficiency.

The research ideas can be categorized as follows:

Measurements and standards

The participants would like to see standard energy metrics based upon real data.
These metrics would be useful in benchmarking facilities and devising operational
improvements. Existing “standards” should be evaluated and revised if there is scientific
basis to do so. Arbitrary cleanroom airflow velocity of 90 ft./min., for example, should
be re-examined.

Other benefits

Strategies should be developed to maximize benefits of energy efficiency
improvements along with non-energy benefits. Financial and non-financial
considerations for presentation to decision-makers should be developed. Federal and
State incentives in the form of rebates or other programs should be pursued.

Process considerations

For semiconductor facilities, tools used to process wafers account for a significant
portion of the overall energy consumption. Participants were interested in accurate
measurement of tool energy usage, leading to right sizing of facility systems and



encouraging tool mfgs to improve energy efficiency of their tools. Strategies or
technologies for reduction of process exhaust flow are needed.

Utilities
Standardization of parameters for commonly used utility systems is desirable.
Sematech has proposed a task in its 1999 agenda to study the feasibility and benefits of

standardizing delivery pressures and temperatures for process cooling water to process
tools. There is a need for a full facility model of utilities.

HVAC Systems

Cleanroom laminar effects, air velocity relationship to cleanliness, reducing
deposits of organics, and exhaust reduction were all identified as priorities for research.

Owner/Operator/Designer issues

Guidelines and training tools for designers and facility operators were identified.
A “tool kit” for energy issues was suggested.

Copies of presentation materials and handouts follows.
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WORKSHOP ON

ENERGY SAVING OPPORTUNITIES IN CLEANROOMS

8:30-8:45

8:45-9-15
9:15-9:45

9:45-10:00
10:00-11:40
11:40-1:00
1:00-1:50
1:50-2:45
2:45-3:00
3:00-3:45
3:45-4:00

4:00-5:00

MARCH 15, 1999

WELCOME / WORKSHOP GOALS

INTRODUCTIONS/ LOGISTICS

ENERGY EFFICIENCY OPPORTUNITY/
BENCHMARKING

BREAK

CASE STUDIES

LUNCH

CASE STUDIES

BARRIORS TO IMPLEMENTING IMPROVEMENTS
BREAK

RESEARCH/MARKET TRANSFORMATION NEEDS
LBNL RESEARCH

LAB DEMONSTRATIONS (OPTIONAL)

Tour A - Low flow fume hood/ Wet bench technology
Tour B - Cleanroom lighting concepts
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Lawrence Berkeley National Laboratory

Workshop Attendees

Bruce Johnson

Knight Advanced Technology
1453 Mission St. F1

San Francisco, CA 94103

Greg Eilerts

Greene Engineers

221 East Hacienda Avenue
Campbell, CA 95008

Dave Barr

Black & Veatch

325 E. Elliott, Ste 22
Chandler, AZ 85225

Jon Wintermeyer

Affiliated Engineers Inc.

2700 Ygnacio Valley Rd. #170
Walnut Creek, CA 94598

Peter Rumsey

Supersymmetry USA Inc.
99 Linden Street
Oakland,CA 94607

Gary Shoenhouse
Genentech

1000 New Horizons Way
Vacaville, CA 95688

Chris Robertson

Chris Robertson and Associates
3707 NE 16™ Ave.

Portland, OR 97212

Clint Lowell

California Energy Commission
Energy Efficiency Division
1516 9" Street, MS-42
Sacramento, CA 95814-5512

March 15,1999

Dennis Fukimoto |
California Energy Commission
Energy Efficiency Division
1516 9™ Street, MS-26
Sacramento, CA 95814-5512

Wendell Bakken

California Energy Commission
Energy Efficiency Division
1516 9™ Street, MS-26
Sacramento, CA 95814-5512

Bill Smith

EPRI

P.O. Box 10412

Palo Alto, CA 94304-1395

Roger Mora

Applied Materials
2861 Scott Blvd.

Santa Clara, CA 95050

Greg Owen

Jacobs Engineering

P.O. Box 5210

Portland, OR 97208-5210

Carol O’Hara Asuncion
Facilities Management

Applied Materials

3100 Bowers Avenue, M/S 0203
Santa Clara, CA 95054

Dominic Credi
4478 Moran Dr.
San Jose, CA 95129

Tom Huang
International Sematech
2706 Montopolis Drive
Austin, TX 78741-6499




Lawrence Berkeley National Laboratory

Andy Taylor

Intel Corporation
SC2-31

3065 Bowers Ave.
Santa Clara, CA 95052

Jose Hilario

Vice President & Technical Director

ESCO, Inc.

19/F The World Center
330 Sen. Gil Puyat Ave.
Makati City

Phillipines

Blair Collins

Northwest Energy Efficiency
Alliance

522 SW Fifth Ave., Suite 410
Portland, OR 97204

Jeff Harris
Northwest Energy Efficiency
Alliance

522 SW Fifth Ave., Suite 410

Portiand, OR 97204

Ben Bronfman

Northwest Energy Efficiency
Alliance

522 SW Fifth Ave., Suite 410
Portland, OR 97204

Cy Doerner

Advance Micro Devices

1 AMD Place

Box 3453 M/S 5
Sunnyvale, CA 94088-3453

Workshop Attendees
March 15,1999

Ken Martin

Pacific Mechanical & Engineering
578 Division St.

Campbell, CA 95008

Bruce Douglas
Pacific Gas & Electric

Keith Rothenberg

Southern Exposure Engineering
44 A Lundys Lane

San Francisco, CA 94110

Phil Naughton

Motorola SPS Order Fulfillment
Sector Services

Facilities Technology Center
7700 West Parmer Lane

Suite B-3110/Mail: TX32-PL06
Austin, TX 78729

Michael Meltzer

Lawrence Livermore National
Laboratory

P.O. Box 808 L-621
University of California
Livermore, CA 94551

Don Nurisso

Newcomb Anderson

755 Sansome St., Suite 500
San Francisco, CA 94111

Phil Sarikas

Intel Corporation
RS1-101

2501 N.W. 229" St.
Hilisboro, OR 97124
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Ivo Blahut

Chiron Corporation

4560 Horton St., M/S 4.6
Emeryville, CA 94608-2916

Blair Horst

Lawrence Livermore National
Laboratory

Reliable Power & Energy
Management

P.O. Box 808

Livermore, CA 94551

Eric Concannon
Supersymmetry USA, Inc.
99 Linden Street
Oakland,CA 94607

Ernie Pastors
2747 Hillegass Ave.
Berkeley, CA 94705-1206

Mark Holst
ATMI/ Ecosyst

Fred Gerbig

Gerbig Engineering Company
600 West County Road D
New Brighton, Mn 55112




Lawrence Berkeley National Laboratory
Environmental Energy Technologies Division

Cleanroom
Energy Efficiency Workshop

Proceedings

SECTION D

ERNEST ORLANDO LAWRENDE
BERKELEY NATIONAL LABORATORY

s




uoisiAlg seibojouyosa] AbBlsug |ejuswiuolinug
llllllllll.llll.llIllll.Illlllllll.ll.lllll.lIllllIlllllllllllllllllllll.llllllllll.l

6661 ‘ST UoOTeIN

stooxuea)) ur sonmumioddQ Suiaes A310uyg uo dOysyIoM

avT AITIANN3H

JI53333

AI0)RIOQR ] [BUONR N AS[IIAE] IUIME | _
0) JWIOII A\ r




' A Word About Attendees

m Research

m Semiconductor

m Biotechnology

m National Laboratories
m Tool Manufacturers

m Design Firms

m Energy Analysis Firms
m Utilities

m Sponsors

Environmental Energy Technologies Division




uolsialq saibojouyoa] Abiaug jejuswiuodiAug

UOISSTIIUIO)) A3IUF eIUIOJI[R) W

Kouaronyy A319uy J0J 9)mnsuj eIuwiojie) m

siosuodg QO noqy pIop V C/\H\




Purpose of Today’s Workshop

m Increase Awareness of Energy Efficiency Opportunities
m Share Information

m Help Develop Research/Markef Transformation Agenda‘
m Identify and Eliminate Barriers

= Add Value to Industry’s Energy Reduction Efforts

Environmental Energy Technologies Division




Goals for the Workshop

m Open Exchaﬁge of Information

m Stimulate Further Action

m Expand Network for Energy Efficiency
m Recognize Successful Case Studies

m New Ideas for Advancements

m Establish Collaboration Partners

Environmental Energy Technologies Division



Today’s Agenda

8:00-8:30
8:30-8:45
8:45-9-15
9:15-9:45
9:45-10:00
10:00-11:40
11:40-1:00
1:00-1:50
1:50-2:45
2:45-3:00
3:00-3:45
3:45-4:00
4:00-5:00

Arrive at parking garage/ Shuttle to lab
Welcome/Workshop Goals |

Introductions/Logistics

Energy Efficiency Opportunity/Benchmarking
Break

Case Studies

Lunch

Case Studies

Barriers to Implementing Improvements
Break

Research/Market Transformation Needs
LBNL Research

Lab Demonstrations (Optional)
s Tour A—Low flow fume hood/wet bench technology

n Tour B—Cleanroom lighting concepts

TP

Environmental Energy Technologies Division
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FIGURE XllI-2b: SUMMARY of TOTAL SPACE IN USE for 2000 - UNITED STATES (sq. ft. x 1000)

Category Class Class Class Class Class Total
1-10 100 1,000 10,000 100,000

Aerospace 46.35 139.05 92.70 185.40 463.50 927.00
Automotive & General Applications 66.06 154.14 220.20 440.40 1,321.20 2,202.00
BioClean 0.00 77.40 51.60 51.60 77.40 258.00
Disk Drives 66.15 66.15 132.30 88.20 88.20 441.00
Flat Panels 227.10 227.10 333.08 302.80 423.92 1,514.00
Food 0.00 75.35 226.05 452.10 753.50 1,507.00
Hospitals 0.00 592.00 148.00 296.00 444.00 1,480.00
Medical Devices 0.00 294,75 196.50 294.75 1,179.00 1,965.00
Other Electronics 0.00 68.15 204.45 408.90 681.50 1,363.00
Pharmacsuticals 0.00 930.60 620.40 620.40 930.60 3,102.00
Semiconductor Suppliers 281.33 23.35 70.33 46.98 46.98 468.97
Semiconductors 5,626.50 467.00 1,406.63 939.63 939.63 9,379.38
TOTAL 6,313.49 3,115.04 3,702.24 4,127.16 7,349.43 24,607.34
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Workshop on

Cleanroom Energy Efficiency
Sponsored by

Lawrence Berkeley National Laboratory
15 March 1999

“Energy Efficiency and Benchmarking Overview”

Chris Robertson

Chris Robertson & Associates
3707 NE 16th Ave Portland, OR 97212
503.287-5477 croberison@igc.org

This work supparted in part by the Northwest Energy Efficiency Alliance

Northwest Energy Efficiency Alliance

» Non-profit corporation focused on energy efficiency market
transformation -- “The Alliance”

* Idaho, Montana, Washington, Oregon electric utilities, state,
environmental and energy industry business interests

« 18 directors, $60+ million budget, > 45 projects

 Semiconductor and electronics industry focus of several projects

More information about the Alliance:

Jeff Harris or Blair Collins 503-827-8416
Northwest Energy Efficiency Alliance  jharris@nwalliance.org
520 SW 5th A ve, Suite 410 beollins@nywalliance.org

Portland, OR 97205TK

Objectives

* Alliance interests in energy efficiency performance
measurement system, related metrics, data visualization;
and collaborative project funding

* Overview recent industry history of energy efficiency
performance measurement, analysis and benchmarking

* One company’s clean room energy efficiency opportunities
and why important to senior management

* Suggest energy efficiency performance measurement
as a requirement for successfully capturing the

efficiency resource and also a useful research issue

* Comment on organizational and institutional issues

Alliance’s Interests -- Clean Room Energy Efficiency
* Commitment to help facilitate growth of advanced resource
efficiency through “market transformation” strategies,

primarily in electronics industry

* Co-funding for a small number of strategic projects
with companies with shared interests (N = 6-10)

* Interests focused on projects w/ PNW leverage
* Project development aimed at energy efficiency performance
measurement, facilities systems integration, improved

operations and design, high reliability power supply

* Tool and process load improvements



Recent Semiconductor Industry Energy Efficiency Activity

STM AMK Project Summary

_* NWPPC Workshops with Lee Eng Lock, SUSA, 1995-96 (Inves ¢tment and savings inK US$)

* Western Digital (SUSA) clean room AEE Energy Project of the Year, ‘96

+ SEMATECH International Energy Project, 1997 - 1999 Investment Savings  Payback
* LBNL/CIEE California market research and lab design gnide 1987

* Tool vendors requested to provide accurate measured data, 1997-98 Total Projects $2’071 $2,190 ) 95

* Alliance Microelectronics Energy Efficiency Project, 3/98-3/00 Largest $1’044 $790 1.32

« STM revisions to Environmental Decalogue goals, 3-12/98 Smallest $0 $0.3 -

¢ Nikel Microdevice Seminar -- M Duffin on Green Tools, 5/98 Fastest $1.0 $30.0 ) 03

¢ APEC Forum “Cleaner Production in Efectronics Mfetr 5/98 Slowest $104 $34.5 3.01

* World Semiconductor Council Executive ESH Summit, 7/98 1991 - 97 cumulative savings

« CEBSM “Negawatts for Fabs” AB Lovins, 8/98 $30.2 million

370,000 tons carbon dioxide

« SEMI Call for Papers -- Env. Improvements in Tools, 7/99 o
(@ $5/ton CO2 emission deal pays for the efficiency investment)

+ Alliance workshop on energy performance metrics & measurement, 1/99

STM -- Beyond AMK

STM’s estimated financial value of advanced
1998 -- Technical analysis and evaluation at 6 sites ' energy efficiency strategy
vintage -- new to 40 years old

US $50 million/yr to bottom line
* Found 20-30 projects per fab
1/3 payback < 1 year

1/3 in 1-2 yr.

1/3 in 2-4 yr.

Average 18 month

About 30 cents/share or

~10% bump in carrent EPS

Equal to increased sales of US$ 500 million/yr
System wide expect US $50 million/yr savings at present 10% profit margin




STM Strategic Energy and Environmental Goals

* Reduce CO2 per chip in next generation plants
by 75 percent {J Romm, Cool Companies, Island Press, ‘99)

* Improve efficiency in each plant

¢ Move rapidly toward ‘“carbon-neutral” using
energy efficiency and green power

» Vision 2000 Initiative -- “To be ‘best-in-class’
in environmental protection’ - Pasquale Pistorio, CEO

» “Benchmark against perfection”
{Womack and Jones, Lean Thinking, Simon and Schuster, 1996)

Energy Efficiency Performance Measurement

+ “What gets measured gets managed.”
foundation for continuous improvement

* supports company learning curve as personnel change
¢ Key to achieving deep and lasting savings

« FMCS (designed to maintain temperature and
humidity specs) usunally inadequate to measure
energy efficiency

Energy Efficiency Opportunities

* Ubiquitous -- every factory & system should be
assumed to have significant opportunity

* Some opportunities large, some small

 Often interactive, synergistic ...
systems perspective and sequence matters

* Collectively large in each factory we’ve examined
* Valuable

¢ If not well measured, value left on the table

Energy Efficiency Performance Measurement
System Qualities

* Reliable and stable over time
+ Accuracy commensurate with value of information
* (mag flow meters for cube law loads;

thermistors for small delta T)

¢ Cost-effectiveness from systems perspective

+ Provide data to support continuous improvement

» Document energy performance -
baseline versus improvements
data archive




Measurement to Provide Feedback, Comparisons
* to facility managers to optimize plant operations
* to plant operators to diagnose out of spec condition

s to the firm’s facility management group, via intranet, to
compare strategies from fab to fab

*» to CFO to evaluate economic performance of efficiency
investments, cost control, capital budgeting

+ to designers and specifiers to optimize next plant design

require, design, build, measure, analyze, improve, repeat)
g s )

* to groups of companies, via internet, to benchmark and
compare fab-fab, company-company

Profit from ixyoto Protocol

Add economic value to efficiency impfovements by
sale of CO2 offset credits

Deals available now at US $5 to $7 per ton CO2

Translates to ~ 1/2 cent per conserved kWh

Deals with better documentation (measurement!)
have greater value than those supported by
estimated savings

Is your wasted energy for sale?

‘Benefits of Energy Efficiency Performance

Measurement System
Improves .. Reduces ...
Operator effectiveness Operating costs
Maintainability Maintenance costs
Plant reliability Unplanned outages
Equipment Jife Capital additions
Next plant design Capital cost for next plant

Environmental compliance Post-Kyoto exposure

Non-energy benefits likely greater than
energy bill savings

Cultural and institutional change issues are
more difficult than engineering issues

Price Waterhouse -- about commplex technical issues
70% institutional; 30% technical

Strategic benefits cross-cut the organization

How to turn facilities function into profit center?
(50% fab electricity can be converted to profit at >30%/y RO1; Ron Perkins)

How to structure strategic improvement projects
with energy use reduction benefits?

How to maintain and grow institutional learning curve?
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acific

Mechanical & Engineering, Inc.

3/15/99

Enclosed is a package containing copies of today’s presentation as well as a copy
of the Case Study of the clean room systems at Hine Design and a copy of an
article from ASHRAE (American Society of Heating Refrigeration and Air
Conditioning Engineer) about application of VFDs to motors.

NPME takes great pride in its engineering accomplishments and we hope that you
may find interest in the application of VFDs to your clean room.

578 Division Street, Campbell Calif 95008 cal lic. 652975
(408) 374-8911 (fax) 374-8912
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Derivation of Alr Horsepower Equation

Equation 1
Fora fan connected to a filxed system, the flow rate is proportionalto the RPM

_CFM = K | ‘RPM

Equation 2
 Fora fixed dimenslonat system the flow rate of
alr is proportional to the velocity of the alr

CFM = K 5V
Egquation 3

Fora fixed dimensional system th'e pressure drop of the air.is proportional to the Square of the
Velocity as wellas the CFM and RPM

AP =K 3:V?

therfore

AP = K 4-CFM 2

therfore .

AP = K 5 RPM °*

.

Equation 4 .
Air horse powerlis the product of the flow rate and the change in pressure.

AHP = K 5:CFM AP

Equation 5
Substituting equation 1 & 3 forCFM & AP in equation 4 we have the simple relationship between
fan rpm and fan horsepower.

AHP = K 7:RPM °*
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CASE B — Hine Design: Variable Speed Drive Control of Recirculation Fans
for Class 100 Cleanroom

.

Project Benefits Summary
Amnual Energy Savings 372 MWhfy
Annual Energy Cost Savings $36,000/y
Actual Project Cost $55,000
Project Payback 1.5 years

Facility Description

Hine Design, a subsidiary of Asyst Technologies,
operates a robotics manufacturing facility in
Sunnyvale, California. The 45,000-ft% building
includes 4,000-ft? of class 100 cleanroom space,
6,000-ft? of combined clean air return chases and
class 10,000 assembly areas, with the remaining
building space serving as their operations and
engineering offices. The facility operates from
8am to 5pm, Monday through Friday, and is
closed on weekends and holidays.

All of the clean air provided to both the class 100
and class 10,000 spaces is filtered by 99.95%
efficient HEPA (high efficiency particulate air)
filters installed in fan powered HEPA. units
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VAV Box
— ~
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\
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/7 =Nl — N |1 7 s
——GZ?W 99.93% HEPA FILTERS wﬁ ’ s
X RECRQULATED [/ l/\‘
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CLASS 100 BAY CLASS 10,000
%%}FEN ASSEMBLY AREA
AR
~= =
HINE DESIGN CLEANROOMS AIR CIRCULATION SYSTEM \\)
Figure 1
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(FPHs). The class 100 space is comprised of 6 individual bays surrounded by return chases and with the
large class 10,000 assembly area at the north side of the bays. As shown in Figure 1, air is supplied to the
bays by dedicated FPHs and exits through low sidewall returns into the return chases. The FPHs
recirculate the air from the chases into mixing plenums where conditioned air is also supplied from two
package units located on the roof. The mixed air in the plenum then passes through 30% filters into the
ceiling plenum above the FPHs. There is no process exhaust from the bays, but exfiltration from the chases
into the office areas requires a small amount of makeup air to keep the cleanroom positively pressurized.
Therefore, the rooftop package units primarily condition return air from the class 10,000 assembly area and
intake only a small amount of makeup air. Due to the nature of the manufacturing process and the naturally
mild Sunnyvale climate, there is no provision for humidity control in the package units.

Project Description

In order to reduce energy use in their cleanrooms, Hine Design hired Northern Pacific Mechanical to design
and implement new control logic. Two specific controls were retrofitted onto the system serving the class
100 bays to provide the energy saving benefits:

e  Variable speed drives (VSDs) on the FPHs serving the class 100 bays (shown in Figure 1)
e A custom control system that schedules the speed of the VSDs based upon occupancy patterns

On normal operating days (M-F), the control system operates the VSDs in the occupied mode from 5am to
5pm, and on weekend days, it operates the VSDs in occupied mode from 6am to 10am. Based upon
particle measurements within the bays, it was determined that 60% fan speed is appropriate to maintain
cleanliness during operation. At all other times, the control resets the VSDs to 15% speed to maintain
positive flow through the HEPA filters and the rooftop package units are shut down. As will be discussed
later, when 15% speed is commanded by the control system, the VSDs actually run at 0 Hz (they turn the
fans off).

The theory supporting the energy savings associated-with this type of system is the “cube law” for fans.
This law states that the power required by a fan changes as the cube of the flow induced by it (i.e. power
flow®). This indicates that as the flow through a fan is reduced or increased by a known factor, the power
required by the fan is reduced or increased by the same factor cubed. Our measurements confirm savings
proportional to the cube law (see the calculations in Appendix A): at 60% speed, fan power is predicted by
the cube law to drop by 86%; our measurements show an 82% reduction in fan power.

The energy analysis for this project, including formulas, can be found in Appendix A. The energy cost
savings, based upon our measurements, is approximately $36,000 per year. The incremental cost of
installing the VSDs and the control system was $55,000, so the simple payback for this project works out to
1.5 years.

Analysis Methodology

To determine the energy savings associated with the VSD
control, power measurements were taken in cleanroom
bay 6. In order to measure both modes of operation, the
system operated over a period of one day. Implied in this
measurement is the assumption that the percentage of
power saved in this bay is equivalent to the power that is
saved in all the bays. A PowerSight true RMS power
meter (shown at right measuring VSD power) collected
the data at one minute intervals for just over 24 houss.

As shown in Figure 2, the power demand during each
time interval is essentially constant. Therefore,
measurements were taken for only one day, assuming that
this data represented the power demand during each _ :
mode of operation throughout the year. In order to determine the savings associated with this system, we

Supersymmetry USA, Inc. CIEE Cleanroom Case Studies




also measured power demand with the VSD running at full speed for a 15 minute period (the spike at the
far right on the Figure 2 shows our measurements at full speed). Without the VSDs and controls, all of the
FPHSs would run at full speed 24 hours a day, even at night to maintain positive flow through the HEPA
filters. These measurements were then used to calculate the annual energy cost savings based upon actual
average utility rates for Hine (see Appendix A).

Hine Design Bay 6 VSD Fan Power

Test of VSD at full speed
24hours

v "

A

‘:whlch represent the actual energx med

Power (Watts

2000 1<

1000

10:31:00 12:27:00 14:23:00 16:19:00 18:15:00 20:41:00 22:07:00 0:03:00 1:59:00 35500 551:00 7:47:00 9:43:00 11:39:00 13:35.00
12/21/98 12/21/98 12/21/98 12/24/98 12/21/98 12/21/98 12/21/98 12/22/98 12/22/98 12/22/98 12/22/98 12/22/98 12/22/98 12/22/98 12/22/98

Figure 2
Discussion

The measurements illustrated above show that the fans draw no power at 15% speed. Therefore, the
assumption that 15% speed maintains positive flow through the HEPA filters was incorrect. It is likely that
the VSDs have been setup with a minimum operating frequency, typically 20 Hz (33% speed), below
which they will shut their output to zero power. Our investigation of the VSDs with the manufacturer
found that the drives have a low limit parameter that can be set to any frequency (for 15% speed, this
minimum needs to be 9 Hz). This discovery will lead to very slightly increased energy use as Hine resets
the minimum VSD speed to allow operation at 15% speed and achieve their goal: positive flow through the
HEPA filters to prevent particle release. Extrapolating the measured results for the system, we have
determined that increasing the fans to 15% speed will increase annual energy use by 1,540 kWh/year
[(0.15)>% x 45.9 kW x 5,214 /y]. The net annual energy savings would then be reduced from just over
372 MWh/y to about 371 MWh/y — a truly insignificant reduction of 0.4%! The cost impact of this “fix”
would be about a $150 increase in annual energy bills.

Furthermore, if Hine does modify the VSDs to actually maintain positive flow through the HEPA filters at
all times, they may find that their particle counts drop during normal operating conditions. Based upon this
information, the existing normal operating speed of 60% may no longer be necessary to maintain their class
100 rating, at which point they can further reduce their energy use by slowing the fans down even more.
This feedback effect should at least offset the meager energy use increase, however it requires that Hine
test their particle levels to determine an appropriate fan speed under the potentially cleaner conditions.

Supersymmetry USA, Inc. CIEE Cleanroom Case Studies




One other discovery during our study of the facility was that the 99.99% HEPA filters installed in the FPUs
were used when they were installed; i.e. they were already at least partly loaded (dirty). This actually
improves the efficiency of the filter because, during use, the particles fill the pores in the filter media
making it even harder for other particles to pass through. However, loading of the filters also makes it
more difficult for the air to pass through them (higher filter pressure drop), increasing the amount of energy
needed by the fans to recirculate the air. Another consequence of filter age is that they begin to degrade
(common problems are sagging, tears, loose framing, etc.) and release particles from stress points. It may
be worth investigating the opportunity to replace the filters with new filters to see how particle counts and
fan energy are influenced. We suspect that fan energy and particle levels will be reduced, allowing further
reductions in fan speed and related energy use. The flexibility of VSD controls makes all of these options
possible.

Many cleanrcom operators, including projects we evaluated at Applied Materials, Conductus, Exar, and
Lam Research, have installed energy saving controls on their recirculation fan systems that are similar to
the Hine system. Some have installed VSDs that run at constant speed without scheduling, allowing them
to minimize airflow based upon particle counts, but without the need for independent fan control logic.
This type of system works especially well for facilities that operate around the clock, where scheduling is
not necessary. Still other facilities, like Applied Materials, are taking the Hine scheduling idea to another
level by installing occupancy sensors that control VSD speed based upon the activity in the individual clean
areas. Rather than fixed scheduling of fan speed, the occupancy sensors detect whether the space is in use
and modulate the fans up and down accordingly. In this way, the fans can be reduced any time the
cleanrooms are unoccupied, including during normally occupied times. Another innovation for fan speed
control that also expands on the Hine system concept is that of real-time particle counting and control of
the fans. This system counts particle levels continnally and modulates fan speed to maintain whatever
cleanliness level is required for the space supplied by each fan. This idea has the potential of tapping into
energy savings that few facilities have achieved'.

! For more abont this, see “Energy Savings in Cleanrooms from Demand-Controled Ventilation” by David
Faulkner, et. al. in the Journal of the Institute of Environmental Sciences; Nov/Dec 1996, pages 21-27.
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Figure 3: Hine Design Case Study Data Analysis

CASE B - Hine Design: Variable Speed Drive Control of Recirculation Fans for Class 160

Cleanroom )
Descriptions Values Formulas Notes
A | Total Rated Recirculation Fan Power 140 kp Design data
B iBay 6 Rated Recirculation Fan Power 25 hp - Design data
}Bay 6 VSD Average Power at Full
Clspeed 82 kW - Measured
Total Recirculation Fan Power at Full | Assuming all fan motors would operate at the same
D|[Speed 45.9 kW AxB/C reentage of their rated power as the motors in Bay 6
Annual Hours of Operation at Full [Fans must run at all times 1o maintain positive flow
E |Speed without VSD Control 8,760 h/y - through the HEPA filters
Total Annual Recirculation Fan Energy
F|Use without VSD Control 402,259 kWhiy DxE
IBay 6 VSD Average Power at 60% \Measured - normal operating fan speed to maintain
G|Speed (31.5 Hz) 15 kW - rticle counts
Predicted Fan Power Reduction at 60% I-[(31.5 H2} 7 | Based on the cubic relationship between fan speed (or
H|Speed (31.5 Hz) 86% (60Hz)]®  |flow) and power
Actual Fan Power Reduction at 60% : This result indicates a power 2.66 rather than the power
1]Speed (31.5 Hz) 82% 1-(G/C) |3.0 (cubic) relationship predicted by the theory
Total Recirculation Fan Power at 60%
K]specd 34 kW 4xB/C .
Annual Hours of Operation at 60% (68 h/w)x  |Fans scheduled to run from Sam-5pm M-F and Gam-
J |Speed with VSD Control 3,546 by (52.14wly) |10am S-S, every week; i.e 68 hrsfwk
Total Annual Recirculation Fan Energy
L{Usc at 60% Speed 29,782 kWhfy DxE
Bay 6 VSD Average Power at 15% \Measured - night and weekend fan speed intended to
M} Speed (0.0 Hz) 0 kW - maintain positive flow through HEPA filters
Total Annual Recirculation Fan Energy
N{Usc with VSD Control 29,782 kWhly L
0 |Annual Energy Savings 372477 kWl F-N
PJAverage Cost of Electricity $0.098 per kWh - From Hine Design (PG&E billing data)
0 | Total Blectricity Cost Reduction $36,435 per y OxP
Incremental Cost of VSDs and Control
R{System $55,000 - From Hine Design 2
S|Project Payback ! LSy R/S
Supersymmetry USA, Inc. CIEE Cleanroom Case Studies
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’ By 'Thon;as F. Lowery
- Member ASHRAE -
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nsulated Gate BlPolar J unctlon Tran51stors (IGBTs) have been appliedin
variable speed drivés since the early 1990s. These de\nces changed the
characteustlcs of wave’ forms apphed to-the motors due to the

-8 peeds at whiich they cycle on and-off. Variable speed-drives have used a
: techmque known as Pulse W:dth Modu!auon (PWM) tor nearly 30

‘ years for control lmg powex tran51stors However, ‘asthe swuchmcspeeds
~incr eased to allow hlc,her cairier frequencxes ﬁ'om I or 2 kHz to 8 15

seen only inwave transnnssmn dev1ces hke antennae and bro"cdcast SIgnal
equlpment The basic rellable miotor contxol d1d not-change in theory,
but faster fransistor sw1tclung time chanoed the apphcatlon varfables such ds-
drive tomotor leadlength.

Lead lengths should not exceed
manufacturer’s recommendations. If pos-
sible, design the system. by placing the
drive as close to the motor as possible.
This should be the primary goal of the
engineer becausc this method usnally is
the most cost effective, However; certain
applications may not permif short leads

and- other mothods must be consideted..

Enginecrs now must consider these fac-
tors when applying newer 1GBT-based
variable speed drives.

Switching Times and dv/dt
Control algorithms for PWM drives
niust accurately output a specific volt-
age at a given fundamental motor. fre-
quency. This ratia, known as the V/Hz

;- pattem, keeps motor current and lorque

characteristics stable while operatirig at
varying speeds. Additionally, when con-
{rolling IGBT transistors, the drive design
engineer nust maintain a transistor’s on-
time to off time ratio-for motor stability. In
doing so athigher cartjer frequencies, the
transition-time from off'to on and then on

to back offagain must be maintained as a ..

small pereentage: of the overall PWM
cycle.
Figure I shows the swmhmq of a Bi-

- poldr-Juriction Transistor (BJT) versusan.

1GBT asan cxample ofhow the increased

switching speeds effect the tur-on and

turn-off times ‘as a ratio of the over'\ll
cycle. Noté that the BJTs are: sthchmgxat
a frequeney 6f 2’kHz and the IGBTS are
swifching ata frequency of 8 k]Iz or mur
timés faster. -

- per; nncrosecond As the number of

Conditioning Engineers, Inc.,
ﬁom ASHRAB Joumal February 1 999

peed Drlves

pulses increase, so must the dv/dt. Note
that this voltage waveform is a function
of the drive design and is not a user
settable parameter,

The maximum design carrier frx.quency
sets. the limits on how fist a transistor

~must cycle on and off. If the waveform

shown atthe output of the drive was iden-
tical at the miotor terminals, this high dvw/
dt. would not be a concern, but.as this
wave propagates throtigh the conductor,
the characteristics can change.and be
vastly différent at each end of the cable.
This article describes therelation of dv/
dt ini the IGBT to that of thie older BJT. An
important concept here is that wheu, de-
sign engineers use [GBTS, they must set

. ratios of op-time to offtime versus the turn-

oni and turn-off times to maintain stability
‘inn the motor. Essentially the turi-on and:
turn-off times (which sets the-dv/dt) muast
be a small percentage of the overall pulse

cycle. Ifa design engincer wants 10 estab-

lish the maximum carrier frequency. of the

drive to be 8kHz for example, the turn-on..

turn-off; and dv/df are- set for this fie-

" gquency in hatdware. The-dv/dtisnota pro-

grammable function.
If a user runs the drive at a lower car-

-rier-frequency, 2 kHz forexample, the dv/dt

is still set for the §kHz running condition.

Comparing IGBT to BIT from a dv/dt.

standpoint must account for these oper-
ating characteristics. IGBT drives could
be set at a maximum.af 2 kHz carrier fre-
quency and-the dv/dt would be identical
to that of an-older BIT, but in application
this js ncver done. All commercially avail-
able IGBT-based drives switch at these

Ahaui‘ 1he Au‘ihar .

“The hwh tate of change i yoltage e
over relatively <hort periods of -time is -
know as the dv/df of: the voltage’ “pulse:
‘Thé dv/dt.is quantlf ed i, units, of volts

for: cbstom/tonflgured drives gt Rock\jzell Autq;'
" matjon/Reliance_Electric in Cleveland. He is chair

‘of ASHRAE. Technical Commmea &1, Motors und. -,

Motor Cummls
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Figure 1: BiPolar vs. IGBT PWM: swilching. -

higher carrier frequencies so the comparison betsveen the iwo
dcviccs is-accurate, . .

Dnve fo Motor Conducfors

There are several conduetor characteristics that aftect lhc
voltage pulse wave form and specific dv/dt-effects at both the
driveand motot terminals. Impedance or ¢lectrical resistance in
AC circuits has an impact on the voltage pulseas it travels from.
the drive fo the motor. Thé imotor impedance and the rélation-
ship to the: cable impedance i§ important When analyzing the
pulse wave transmission. Whier the cable inipedance closely
matches the mintor impedance, the voltage pulse is evenly dis-
tributcd across the system. However, when the motot imped-
ance is much lamer than: the cabk: impedance, the pulse will
reflect at the motor terminals, causmn standing waves.!

A filter and/or reactors can be placed between the. drive and
motor. There are a:number of commercially -available-devices
that are designed to eliminate the standing waves. If pursuing
this method of attenuation, an engineer or user should follow
the recommendations set by the manufictirerinapplying these
devices. Cost is also.a factor when'selecting filtering devices.
MTE, TCI and EMS are conipanies:that: have publisheda grcat
deal of information onihe subject,

Figure 2 shows the surge imipedance of both the motor and
the cable for different horsepoweys. Note that:relativelysmall
motors; less.than 2-hp, have very high impedance with-respect
to typical cable.. Larger motors, greater than 100 hp, closely
match cable impedance values.

“Pamaging reflected waves are morehkely m occur insmaller
motors because of the mismatch in.surge jmpedance values.>
I multiple small motors are run from a single drive, the potential
for reflected:waves ishigh. Special COHSldel‘ﬁUOI}S must beigiven
to demgmng such a system. . .

R:dmg ¥he Reflected Wave

‘Reflected waves-damage motors:because tranqmttted pulses
and reflected pulses added togetiter can cause very high volt-
age-levels. Smce these voltage pulses-are transmitied through
the-conductor.over specificdistances; thé cable lenigth.is akey
variable:when examining. the potential for damaging voliages.
Figure 3'shows the relationship-berween-cable distance, switch-
inyr times, and voltage levels of pulses:at motor:terminals.®

Thé voltage level:at whith-motor. damage begins is déter-
mined by the materials nsed in the: ingulation system.? When
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specifying metors for operation on variable speed PW M drives,
engineers should specify the voltage withstand leve {based on
the dwdt of the drive and the known cable distance’

There are no simple calculations to show hew pe ik voltage
relates to lead lengths. The problem here is that therd'are many
variables that go into these calculations. The best t#ing lo do
would be to work with your drive and-motor supplier to ‘deter-
mine appropriate- lead: lengths for cach application i Standing
wave-and reflected wave mathematical equations ave very com-
plex, and even by making several assumptions by fiing some
of the variables this analysis is difficult. Manufadturérs should
determiniethe.allowable lead length with their drive ind state it
to the application enginecrs. This is less of a concerriwith 208/
230. volt -applications, sincc the motor insulation ‘naterial is
always liigher rated than low voltage drives can geerafe.

“Becanse motor manufacturers do nof use lowet ra'ed materi-
als$pecifically {or these lower voltages, the insulati-m systems
are identical to that of a 460 or higher rated totar. Thioretically,
voltage peaks generated by drives on a 208/230 mh sysiem
can never reach these rated values and therefore ‘here is no
concern for damage due to over-voliage-at any lead length at
any carricr frequency.
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Figure 6; The ioriization of a.gas or partial discharge from:
excessive voltage peaks and high dv/di in mofér conductors.

- To describe. thé reflected wave phenomena, -oscilloscope
measurements were taken at cach end of the diive to motor
conductor, These traces, shown in Figure 4, demonstrate- the
efféct of tragsinitfed and reflected pulses adding together form-
ing damaging vollage poténtials. The induction motor must be
designed to withstand these voltage levels.or insufation break=
down will oceur.® . :

Motor Rafings and NEMA Standards .

. A 460-valt induction motor is constructed to withstand volt-
age levels higher than the nameplate might suggest.? The spe-
cific maximum voltage withstand value should be obtained from
the'manufacturer, but typical values for 208V and 460V motors
range from.1.000-volts up to 1,800 volis. Higher ¥oltages such
as motors fed from 575V power .systems may be raxcd up to
2,000V peak. .

This rating is determined by the desrgn and ma(emlb ueed
1o-insulate.the induction motor. NEMA, the National Electrical
Manufacturers Association, has. established a standard to as-
sist motor specifying. engincers as part of thé MG1 standard,
NEMA MG1-1993, Part 31.40.4:28 states the cstabhshedPWM
drive fed motor limits:and is shown-in Figmre 5. ..

Thisstaridard establishesaV peakot 1.600 volts and ainini-
mum rise time (dty of 0.1 microscconds for motors rated: less
than'600 Volts. Specifying motors applied on drives that incel or

ASHRAE Journal

thure 7 Damagm g reflected waves ahove motor. CIV ieveis.

exceed these limits assores. the design engineer-that insulation
breakdown will not oecur in thie otor:from excessive voltage
peaks.or fast IGBT swilching times.

Motor Insulation Break Down

- Démage to.the motor can oceur only if the pz,ak voliage or
minimurn rise lime is excecded. eflected waves generate volt-
age levels:higher than the allowable peak,. insulation begins to
break down. This phenomenon. is kriown as Partial Discharge
{PD)-or corona. Fignre 6 shows how intensc-clectrical fields
around ‘motor conductors. can ionizé sarrounding gases caus-
ing damaging corona effects. - .

When-two phases-or fwo.tums inthe motor -pass ne&t to

ach other high voltage péaks can cause 2 spark plug effect,
damaging the insutation. The voltage at which this begins. is:
referred ta as the Corona Incéption Voltage.or C1¥ rating of'the
motor® (Figue 7). Again, NEMA spccxﬁea this- 16\!&1 at l 60()
Volts n MG, .

Eyéntually, aic. g‘zpsms:dutht. vamlsh iaterial jonize du:, to
the. high volfage gradients causitig phasesfo-phase or tum-to-
turn: shorL ci;:_cuits,;‘l‘»hesc -circuits are- mricroscopic insulation
breakdowns and are nsually detceted by thé drive qurrent $en-
sors resulting:in.over-current trips. Under-this short circuit con-
ditioh, a motofmay operale properly when run.across the line or
in bypass mode but consistently trip when run:from drive power.
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Motar t%xetdry testinginay .t}:;f;rgg'q'pifed<to

how air gaps i the varnish mdt'en'alzion’-

ize, causing thesemxcroscoplc short cir-: °

cuits across two canduetors. -

Special motor insulation systéris can
be added to accommodate everi thé high-
est of generated peak voltages. These
systems usually use special high voltage
die—elecm'; withstand material that does
not break down inside the motor. Usually
this cost is prohibitive in most cases, but
itis still 4 possible solution to a difficult
problem.

Conclusions

Variable speed drive technolony

changes with advancements in power semi-
conductor designs. As IGBT designs al-

low drive design engineers to increase the. -
switching freguency utilized in PWM-
drives, quicter raotor operation is achicyed

by removing objectionable audible metor
lamination ¥ibrations in the human hear-
ing specirum.. This drive advancement
helps design erigineers use-drives in ciiti-
cal poise applications that previously re-
licd on mechanical VAV systems. The
higher switching frequency ‘also forces
sysfem design engineers to considei new

application criteria suchi as drive-to-nidtor .

lead length and. motor mslﬂahon Systétns,
when selecting the equipment.
NEMA ‘has adopted a ;:.t'mdard for

motors applied on variable speed- drives.

that should be:used by the cngineer to
ensure a proper.system. Diive and inotor
manufacturers-now publish information.
on dv/dt; lead lengths, and mofor C1V lev-
cls fo assist in the design process. This
information must be used fo deterinine
the application variables of the variable
speed drive system to insurc reliable op-
cration. By considering all these drive-and
motor variables and using published data,
VAV system designers can take advan-
tage of all the cnergy saving and system
benefits from drives without sacrificing
any of the reliability of the system.
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Case Study:

Applied Materials
Chilled Water Plant Efficiency

Upgrade

Prepared by:
Eric D. Concannon
Supersymmetry USA

(510) 663-2070

Applied Materials

 Carol Asuncion - Facility Manager

» Santa Clara based semiconductor wafer processing
tool manufacturer

 Building 2 - Research and development center
o 1stfloor: 27,000 sf of cleanroom space
 Consists of 61 process tools

 2nd floor: 46,000 sf of office space
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Chilled Water Plant

After

VSD retrofitted onto
500 ton chiller

New chilled water
plant controls

Optimized loading
with VSD chiller
55°F CWST

Before

2 -750 ton chillefs (1
backup) and 1 - 500

ton chiller
40°F CHWST
Lead-lag loading

Two-speed tower fan
controls (3 towers)

65-70°F CWST
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York 500 ton chiller.
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1. 500 ton Chiller VSD

« Retrofitted onto existing chiller by York

e Chiller control center installed to optimize
staging

» Efficient operation at all loads

March 15, 1998 Cleanroom Energy Efficiency Workshop

. How does the VSD save?

» Normally, inlet vanes throttle back on refrigerant
flow, increasing pressure, to reduce load

» With a VSD, compressor speed is reduced

» Chiller power is proportional to both pressure and
" to speed, however . . .
 Therefore, the VSD chiller is much more efficient
at part loads
« The VSD consumes some power, so at full load it
is not as efficient - rarely operate at full load

March 15, 1998 Cleanrcom Energy Efficiency Workshop
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York Chiller Plot: Load Vs. COP For Various Cond. Water Temperetures
CHWTS~57.2F, CHWTR-66.2 CHWFLOV=2667 gpm, CONDFLOW-3000gpm
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March 15, 1998 Cleanrcom Energy Efficiency Workshop 7

2. Condenser Water Reset

Tower staging controls installed

Each tower was installed to be dedicated to
one chiller but with a common header
Fans are operated as needed to maintain
55°F CWST

Water pours over all three towers, even with
the fans off

March 15, 1998 Cleanrcom Energy Efficiency Workshop 8




How does lower CWST save?

» Lowering CWST reduces the “lift” required by the
chiller (raising CHWST also reduces lift)

« Lift is the refrigerant temperature difference
across the evaporator and condenser

« Chiller power is proportional to refrigerant
pressure, which is proportional to chiller lift

March 15, 1998 Cleanroom Energy Efficiency Workshop 9

Energy Savings Summary

« The total cost of the two project
components was about $200,000

» Savings is estimated to be about $87,000
per year
« Payback: 2.3 years

« Annual savings will continue for years
afterward

March 15, 1998 Cleanrcom Energy Efficiency Workshop 10




Other Efficiency Efforts at B2

» VSDs for two of three cooling tower fans

 Fab process cooling provided by dedicated
cooling towers

 Real time particle counting and occupancy
sensors to control recirculation fan VSDs
(also planned for Building 3)

March 15, 1998 Cleanroom Energy Efficiency Workshop
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CASE A - Applied Materials: Chilled Water Plant Efficiency Upgrade

Project Benefits Summary
Annual Energy Cost Savings $87,000/y
Actual Project Cost $201,000
Project Payback ' 2.3 years

Facility Description

Applied Materials (Applied) occupies their corporate headquarters, including more than 30 buildings, in
Santa Clara, California. The primary purpose for this site is to research, develop, and manufacture wafer
processing tools for the semiconductor industry.

The focus of our study is building 2, which includes a large cleanroom research facility on the lower level
and offices on the upper level (the space between the levels is used to provide facilities services to the
cleanrooms). The building originally included a chilled water plant with one 500 ton York chiller. In
1994, two new 750 ton York chillers were installed to accommodate expansion of cleanroom operations on
the first floor of the building. Current plant operation reserves one of the 750 ton chillers as a backup and
the other is used along with the 500 ton chiller to supply 40°F chilled water to meet the cooling and
dehumidification loads for the building. The chilled water plant also includes three open loop cooling
towers (each sized to match the three chillers) with a common sump.

¥

Applied Materials Chilled Water Plant

(N) York Controlter;
Secondary wfsequence to lower
Chilled Water 7 and reset Condenser |
Pumps

'Y

- Water Supply Temp. |

C[ (55°F) {

— . 1

—p-L i I

New: retrofit onto existing oo (oo P—————¢
York 500 ton chiller. f

L

2-Speed

Y9

1

(new)

Primary Chilled | | ,.4_.[3_
Water Pumps , 1 C]:
—>
York 750 ton chiller 1 ,4_@_

@%

3
Condenser
Water
Pumps

Figure 1: Chilled Water Plant Schematic

York 750 ton chiller

Supersymmetry USA, Inc. CIEE Cleanroom Case Studies




Project Description

Since the build out of the building shell and plant in the mid-1990°s, a few measures have been
implemented to improve control of and reduce energy use by thie chillers. These include installation of a
‘variable speed drive (VSD) on the 500 ton chiller and condenser water supply temperature optimization.

York Chiller Plot: Load Vs. GOP For Various Cond. Water Temperatures
CHWTS=57.2F, CHWTR~662 CHWFLOW-2667 gpm, CONDFLOW-3000gpm
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Figure 2: Chiller Performance Curves with and without VSD Compressor Control

The VSD on the 500 ton chiller is beneficial in that the chiller actually performs better at part loads (25% to
75%), where chillers operate much of the time, than at full load. Figure 2 shows manufacturer’s data for
the same 1,000 ton chiller with and without a VSD. At any condenser water supply temperature (CWST,;
the numbers shown above each line) the VSD chiller efficiency (kW/ton) improves, or goes down, as load
begins to drop, but the non-VSD chiller efficiency steadily gets poorer with decreasing load. As is shown
in the figure, this is equally true at any CWST. It is also important to recognize that this type of graph can
be developed for any size centrifugal chiller from any manufacturer. The physical explanation for this
efficiency improvement is that the VSD allows chiller capacity to be reduced by reducing compressor
speed rather than by closing inlet guide vanes, which throttle back on the refrigerant flow by increasing
pressure drop. Inlet gnide vanes do reduce the total energy required by the compressor, but at a rate slower
than the rate of reduction in cooling output, hence the decline in efficiency at lower loads. Note that,
because the VSD consumes a small amount of power, the full load efficiency for the VSD chiller is
slightly poorer than for the non-VSD chiller.

The operational effect is that the VSD chiller allows more efficient operation at almost all loads. Prior to
installation of the VSD, if cooling loads in building 2 reached, for example, 1,000 tons, one 750 ton and the
500 ton chiller were required to operate, with at least one of them operating at part Ioad (poor efficiency).
With the VSD, plant operation is much more efficient because the 750 ton chiller can be run at full load
(best efficiency) while the 500 ton chiller is used to cover the remaining load very efficiently due to the
VSD. Likewise, if the total cooling load is very low, the 500 ton chiller can cover the load alone with
much better performance than it would without the VSD.

Condenser water reset is one of the most cost-effective ways to improve chilled water plant performance
because it typically only requires modification of the control logic (at relatively low cost) and can improve
chiller performance dramatically. Figure 2 also illustrates the chiller performance gains possible by

Supersymmetry USA, Inc. CIEE Cleanroom Case Studies
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reducing the CWST with a constant chilled water supply temperature (CHWST). This improvement can be
explained simply by recognizing that compressor power is proportional to pressure developed by the
compressor, which is in turn directly dependent upon the desired refrigerant temperatures at the inlet and
exit of the compressor. These two temperatures are typically combined into a number known as the
refrigerant lift. The lower of these temperatures is determined by the CHWST and the higher temperature
is dependent upon the CWST. Therefore, if the CWST is reduced for a constant CHWST, the refrigerant
lift, pressure developed by the compressor, and compressor power are all reduced.

The normal method for reducing CWST is to increase cooling tower capacity by either running additional
tower fans, or speeding up tower fans with VSDs (if installed). The.only limits to the CWST setpoint are
the capacity of the cooling towers and the lower temperature limit that can be safely handled by the chiller
(very cold condenser water can affect the oil used to lubricate the compressor and can cause rubber seals to
leak — both resulting in maintenance problems). Most chilled water plants tend to be installed with excess
cooling tower capacity, especially plants for cleanroom facilities, which typically have backup chillers
installed with dedicated cooling towers. Proper piping and control logic easily allow the excess tower
capacity to be accessed even when the backup chiller is not in use.

The Yotk chillers operating at Applied are explicitly
designed to allow condenser water temperatures down
to 55°F, or lower, and Applied has implemented
controls to maintain 55°F at all loads. This required
some control programming to stage the three cooling
towers (shown in figure 3) in order to maintain the
new setpoint. Another control that Applied
implemented to optimize the cooling towers was to
allow water to run over the fill in all three towers
regardless of the tower fans being on or off. This
allows for a small, but useful, amount of evaporative
cooling within the towers without using any fan
energy.

Figure 3

A new DDC control system was installed to allow
optimization of staging for the both the chillers and the cooling towers. Data provided by Applied indicates
that these two measures have an annual cost savings of about $87,000 and that their overall cost was about
$201,000, resulting in a payback of about 2.3 years.

Applicability to the Cleanroom Industry

The chiller VSD contributes a large potion of the energy savings mentioned above. However, not all
existing chillers can be retrofitted with VSDs. It is worthwhile to note, however, that most chiller
manufacturers are willing to provide an estimate of the cost to install a VSD, if possible, given the chiller
type, operating conditions, and capacity. Keep in mind that most cleanrcom facilities operate plants with
multiple chillers and need only one VSD on the smallest chiller to realize the full benefits. All other
chillers would be used as “base load” machines running at full load. Another point about chiller VSDs is
that a control system must exist or be installed that can control the staging of the chillers in order to
optimize plant efficiency at all loads. Given the simplified nature (plant shutdown is not needed, very little
equipment must be altered or replaced, etc.) of these measures, they can be cost effective for virtually all
cleanroom plants.

Other Energy Efficiency Projects Underway at Applied

Applied has undertaken a number of other measures to improve energy use at building 2. Data for these
measures is quite sparse, but they ar still worth a mentioning.

e All process cooling is done using dedicated indirect (closed loop) cooling towers. When loads are
extreme, the excess cooling is handled by a small heat exchanger using chilled water. This non-

Supersymmetry USA, Inc. CIEE Cleanroom Case Studies
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compressor based cooling method likely saves Applied thousands of dollars per year. Many facilities
use 40°F chilled water with plate heat exchangers to remove heat from their process cooling system,
requiring about ten times the energy of a non-compressor system.

e A project is underway to install motion sensors and particle counters in the cleanroom bays, which will
control recirculation fan VSD speed based upon demand. If the space in unoccupied, the fans will
slow to minimum speed. When occupied, the fans will operate to maintain the desired particle levels
based upon the real-time particle measurements: This control has the potential to cut annual fan
energy use by up to 75%.

s Two of the chilled water plant cooling tower fans have been retrofitted with VSDs to allow more
precise control of the CWST and to take advantage of the fan energy savings possible with paraliel fan

" operation.

Supersymmetry USA, Inc. CIEE Cleanroom Case Studies



WORKSHOP ON ENERGY SAVING
OPPORTUNITIES IN CLEANROOMS

MOTOROLA AIEG
CLASS 10K CLEANROOM CONVERSION

David A. Barr, PE.
Black & Veatch ATD

1.0 INTRODUCTION

The puirpose of this project was to reduce operational costs by reducing the cleanroom
- space classification from Class 10,000 to Class 100,000.

2.0 EXISTING CONDITIONS

* One air handling unit operating at approximately 67,000 cfm

* Mixed retumn air/outdoor air conditioned for humidity control

* Entire airflow cooled and dehumidified to 45F by CHW, humidified with steam,
reheated with electric coils

» Significant energy cost to operate fans, cool (by chillers) and reheat air

30 REDUCE AIRFLOW

* Reduce airflow from 10 cfm/sf to 5 cfm/sf, or approximately 30,000 cfm

* Qutdoor air rate remains the same

e Space humidity setpoint remains the same

e Cool and reheat approximately 45% of existing airflow

* Lower discharge temperature to maintain space temperature (reduce reheat)
* Reduce fan operating horsepower

40 ENERGY SAVINGS

» QOperating cost reduced by an estimated 60%

* Significant CHW savings due to reduced dehumidification or recirculated air

* Significant electric reheat savings due to reduced reheat of recirculated air and
reduced discharge temperature

* Minor savings due to reduced motor horsepower

» Construction cost payback of 7 months

JANIEAS S MR



50 CONCLUSION

Initially expected savings from reduced motor horsepower only

Existing HVAC system non-typical for a cleanroom

Typical cleanroom HVAC has dedicated makeup units for humidity control and
recirculation air handlers for temperature control

Provided opportunity for energy savings even though outdoor air rate and space heat
gain remained the same
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TABLE 2.2 - EXISTING AIR HANDLING UNIT DESIGN CONDITIONS

Assumes 20% OA and space design temperature of 70F at 40% RH.
Assumes OA conditions of 105Fdb/79Fwb summer, -8F winter.
Assumes summer discharge temperature of 48F (LAT of 45F to allow for fan heat).

MOTOROLA AIEG
Northbrook, lllincls
Class 10,000 Cleanroom Conversion

Air Handling Unit Existing Assume density of air @ 0.075 pcf for all conditions
AIRFLOW| EAT EAT Entw Enth LAT LAT LvngW | Lvngh | deltah q EWT LWT FLOW
SECTION CEM Fdb Fwb Ibw/lba btu/lba Fdb Fwb lbw/lba | btu/lba | btu/lba btuh F " F gpm FLUID
Summer, . 5
Return Air 53,760 70.00 55.80| 0.0063 23.70
Outside Air 13,440 105.00 79.00] 0.0154 42.60
Mixed Air 67,200 - 77.00 61.30f 0.0081 27.40
Cool/Dehumidify 67,200 . 77.00 61.30f 0.0081 27.40 45.00 44.00] 0.0059 17.30 10.10| 3,054,240 38.0 48.0f- - 610.8/chw .
Fan Heat/Disch. 67,200 45.00 44.00f 0.0059 17.30 48.00 45.50] 0.0059 17.90 e |
Reheat 67,200 48.00 45.50| 0.0059 17.90 67.00 53.90| 0.0059 22.60 4.70] 1,404,480 < "411.5]kW
Humidifier 67,200 67.00 53.90] 0.0059 22,60 i, OFR1 | -
Winters, | ias 2 -
Return Air 53,760 70.00 -55.80[  0.0063 23.70
Qutside Air 13,440 -8.00 0.0000|
Mixed Air 67,200 54.40 46.80[ 0.0050 18.60
Cool/Dehumlidify 67,200 54.40 46.80( 0.0050 18.60 54.40 46.80] 0.0050 18.60 0.00 0 38.0 48.0], +i:" 0.0jchw
Fan Heat/Disch. 67,200 54.40 46.80] 0.0050 18.60 54.40 46.80] 0.0050 18.60 R S
Reheat 67,200 54.40 46.80| 0.0050 18.60 67.00 52.80| 0.0050 21.90 3.30[ 931,392 OfkW
Humidifier 67,200 67.00 52.80| 0.0050 21.90 67.00 55.00] 0.0063 23.20 1.30] 393,120 Ibfr
Summer peak cooling load of 611 gpm (255 tons)
Summer constant reheat load of 412 kW
Winter peak heating load of 273 kW
Winter peak humidification load of 380Ib/hr
Ibl10kloads
BV 61166.400 3/12/99
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TABLE 2.3 ~ ANNUAL COOLING AND HEATING LOADS

BExdsting Conditlons, asauming 20% outside slr, intornal spaco tempsrature 03 70F, 4D% RM,
Assume cooling to 46F discharge when OA (s greater than 52F,
Assume freo cooling to 652F snd rohent 1o 67F whon OA 1s between 30F and 52F,
Assums hepting 10 67F with minimum OA when OA |3 less than 30F,

PEAK COOLING LOAD 38,054,240 B PEAK REHEAT W 412 KW
DESIGN AIRFLOW 67,200 CFM PEAX HEATING KW 273 kW
d 0A RA RA Coodng Annsal Heating
DAY BULB! WET BULBY HOURS | ©OAh | Disch.h | CACIm BITUH h BTUH BTU Hours | Heat kW | kW-h
constant
405.0 79.0 0 42.6 17.2 13,440 1,536,192, 27 1,572,480 0
102.0 77.0 0, 40.08 17.2 13.440D 1415,232 22.7 1,572,480 0
87.0 76.0 6 39.8 17.2{ 13.440 1,354,762, 237 1,572,480, 17,563,392
92.9, 74.0 50) 37.7 17.2 19,410 1,239,840 23.7 1,572,480 140,616,000
87.0 72,0 165 95.9) 17.2 3,440 1,130,876 23.7 1,572,480 446,070,240
682.0 70.0 924 341 17.2 19,440 1,022,132 23,7 1,572,480 840,647,808
77.0 67.0 487 31.6 17,2 3,440 870,812 23.7 1,672,48D)  1,189,901,9049
72.0 64.0 681 20.3 17.2 13.440, 731,808 29,7 1,572,480| 1,569.220,128
67.0 61.0 758 27.2 17.2 13,440 604,800 23.7 1,672,480] 1,652,655,520 -
62.0 57.0 700 24.5 17.2 33,410 441,604 23.7 4,572,460{ 1,409,788,600
57.0, 520 609 21.4 17,2 13,440 254,018 23.7 1,672,480]  $,108,203,5B4
52.0) 47.0 581 19.2 17.2 13,440 120,950 23.7 1,572,480 883,868,840 4357
47.0 43.0 565 16.7 21.5 13,440 -290,304 23.7 ., 108 81,185
420 38.0 572 14.3 21.6 13,440 +435,456 23,7 108! 61,943
37.0 34.0 725 12.6 215 13,440 538,272 23.7) 108! 78,612
32.0 30.0 869 10.9 2151 13,440 -641,088 23.7) 100§ 94,106
270 25.0 589 8.9 21.5] 13,440 -782,04D 23.7, 121 71,498
22.0 21.0 974 7.8 21.5 13,440 -828,576 23.7) 143| 53,033
7.0 16.0 231 8.0 21.6 13,440 -9037,440 2.7 165 38,023
12,0 11.0 169 50 21,5 3,440, 997,920 23.7 186| 30,547
2.0 6.0 116 3.0 21.5 3.440 -1,116,880 23.7 208 23,911
2.0) 190 83 1.0 21.5 13,440 -1,239,840 23.7 230) 20,433
:3.0 3.0 63 0.0 21.5] 13,440 -1:300320 23,7 251 13316
-8,0 8.0 27| 0.0 2).5§ 13,440 -3,00D.320 23,7 273 7,368
-13.0 -13.0 11 0.0 21,5/ 19,440 +1,300,320 23.7 295 3,240
-18.0 -17.0 2 0.9 21.5 19,440 <1,300,320 23.7 316 832
-23.0 -21.0 0 0.0 215] 15,440 -1,300,320 23.7 4383 338 0
TOTAL 8740 9,353,486,016|Bufyr 557,686 KWW
779,457 | Tonsiyr
Annual Enzrgy Consumplion
FAN OPERATION REHEAT DURING CODLING COOLING
Fan HP 126.4|bhp Reheal 412{k\W CHW Cons. 776,457 {Tonsl\yr
Oper. His 8760 | hrasyr Oper, Hrs. 4357 [hrsiyt Efich 0.78[kWion
FANNUATRW] G250 kWD  fo-- ANNUBLS T ETEO.CRA JOVIVE, - : Ni;% ST T | ey,

Makorols AIEG Clesnroam Convarsion Study

BV 61168

3M6/89
IblCkannual




TABLE 3.2 -- REDUCED AIR HANDLING UNIT DESIGN CONDITIONS

Assumes 13,430 CFM of OA and space design temperature of 70F at 40% RH.
: Assumes OA condilions of 105Fdb/79Fwb summer, -BF winter.
5 Assumes summer discharge temperature of 48F (LAT of 45F to allow for fan heat).

MOTOROLA AIEG
# Northbrook, Binois
Class 10,000 Cleanroom Convetsion

ﬂ‘“ Air Handiing Unit Reduced Alrflow Assume dansily of air @ 0.075 pcf for 8l conditions

A
» AIRFLOW| EAT EAT Entw Enth LAY LAT LvnpW § Lvngh | delah q EWT LWT FLOW
SECTION CFM Fdb Fwb Ibwiiba blv/iba Fdb Fwb bwiba | blulba | bWwiba biuh F F gpm FLUID
Summer
Return Air 16,310 70.00 §5.80] 0.0083 23.70
Quiside Alr 13,440 105.00 78.00 0.0154 42.60
‘ Mixed Alr 29,750 85.81 68.00 0,0104 32,40
¥ CoolDehumidity | 29,750 85.81 68,00} 0.0104 32.40 45.00 44,00 0.0059 17.30 15,10( 2,021,513 38.0 48.0IK iz
p Fan Heal/Disch. 2B,750 45.00 44.00 0.0059! 17.30 48.00 45,50 0.0059 17.90 e T
Rehest 25,750 48,00 45,50  0.0059 17.90 63.70 52,50 0.0058 21.70 3.80] 513,783 T A Y )
‘ Humidifier 29,750 63.70 52,50{ 0.0059 21,70 TEOFFLEH .
4
4 Winter
Retum Alr 16,310 70.00 55.80| 0.0063 23.70
o Outside Air 13,440 -8.00 0.0000
ﬁ ' Mixed Air 29,75D 34.76 32.30 0.0034 11.9D .
. Cool/Dehumidify 29,750 34.76 92.30 0.0034 11.80 34.76 32.30 0.0034 -11.80 0.00 0 3B.0]. 48.0 b CHM
- Fan Heal/Disch. 20,750 34.76 32,30 0.0034 11.80 34.76 32.30 0.0034 11.90 . R 2
: Rsheat 29,760 34.76 32.30 0.0034} . 11.80 63.70 47.50 0.0034 16.00 7.10| 946,985 % KW e
i Humidiier 29,750 63,70 47.50 0.0034 18.00 63.70 6§3.10 0.0063 22,20 3.20] 428,400 |
a
o Summer peak cooling load of 404 gpm (168 lons)
3 Summer consiant reheat load of 150 kW
Winler peak healing load of 278 kW

Winter peak humidification load of 380 Ib/hr

1b100kioads

BV 61166400 1 3/15/99
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CLEANROOM ENERGY SAVING CONSIDERATIONS

Class 1 Fab

Overlap in cooling (from ambient to 60°F with CHW) and dehumidification
(from 70°F to 43°F with Glycol CHW) coils on makeup air units. This allows
for optimization of chiller operation when multiple CHW and Glycol chillers
are in use.

Use indirect air-to-air heat exchangers to preheét or pre-cool outside makeup
air with exhaust air (1 cfm/sf for H-6 occupancies) for cleanroom support

-areas.

Reduce heat exhaust rate by rejecting non-hazardous or chemical-free from
tools to return air stream. This will reduce outside air rate and required
humidification and dehumidification.

Evaporative coolers for humidication of outdoor air in dry climates. Add

" grains of water without heat or compressed air. Typical applications require

pre-cooling, evaporative humidification, trim cooling/dehumidification, and
reheat. Pre-cooling discharge temperature control is critical to prevent over--
bumidification and subsequent dehumidification.

Heat recovery from RTO discharge for boiler feedwater preheating.




Genentech Inc.
Vacaville Biopharmaceutical Manufacturing Facility

- Energy Rebate and Cost Savings Program

Gary Schoenhouse P.E.
Genentech Inc.
Sr Project Manager

Bruce Douglas
PG&E
Project Manager

Keith Rothenberg
Southern Exposure Engineering
Owner

Agenda

- Brief Project Overview and Milestones
- PG&E Rebate Program
- Energy Analysis and Results -
- Project Challenges and Roadblocks
- Q&A
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Project' Overview and Milestones

- New $250 Million Greenfield Bulk Biopharmaceutical Manufacturing
Facility '

- 180,000 Square Foot Bulk Manufacturing
Class 10K and 100K Areas
10 Air Handling Units (Approx 400,000 cfm)
Process Utilities

- 18,000 Square Foot Central Utility Plant
3400 Tons Refrigerated Water
3000 SCFM Compressed Air
14000 GPM Tower Water (Process and HVAC)
70,000 LBS/HR High Pressure Steam

- 40,000 Square Foot Lab/Admin
- 30,000 Square Foot Warehouse
- 20,000 Square Foot Facilities Services Building

- Design 1/95 - 10/96
- Construction 8/96 — 5/98
- Start-up / Commissioning 12/97 - 2/99
- Validation 2/98 - ?

- Project Energy Requirements: Title 24




Genentech Vacaville Project
Utility Incentive Program

e (Obstacle e Utility Program
— Capital Cost Features
— Information to make — Incentive to buy down
. payback of measures to 2
decisions years ($842,400)

-D 681.gn intent traPSfer — Paid for most of analysis
and implementation of which quantified energy
energy efficiency savings and cost -
measures effectiveness

— Required verification of
proper implementation
through commissioning

Pacific Gas and Electric Company. March 1999



Genentech, Inc.
Vacaville Project
Final Summary of the Analysis

Southern Exposure Engineering
(415) 206-9368

Incentive

Total Annual Savings Incremental Simple Pay Back
Item Description kW kWh Therms kW kWh Therms $ Cost § OFFER | After Incent (yrs.)
B|Base Case 5,198 | 19,976,829 | 1,498,138 - - - $ . $ N
1|Lighting Efficiency 5,136 | 19,848,308 | 1,498,688 62 | 128,521 (550)| $ 10,031 (3 21,912|$ 1,849 2.00
2|High Performance Glazing 5,080 | 19,669,337 | 1,487,777 56| 178,971 | 10911 |¢$ 192821$ 95,0403 56476 2.00
3|Discharge Air Reset (B-1 AHU's) | 5,055 | 18,914,989 | 1,288,332 25| 754,348 | 199,445 $151,095 |$ 20,000 | $ - 0.13
4]ASD's for VAV AHU's 5,024 | 18,688,510 | 1,288,332 31| 226,479 - $ 18,118 |$ 71,800 | $ 35,563 2.00
5|High Efficiency Boilers 5,024 | 18,687,196 | 1,211,663 - 1,314 | 76,669 | $ 34,990 [ $ 117,051 | $ 47,072 2.00
6|Boiler Economizers 5,024 | 18,687,196 | 1,181,517 - - 30,146 | $ 13,716 [ $ 87,240 | $ 59,807 2.00
7| Tower Water for Process Clg. 4,569 | 18,393,441 | 1,181,617 | 455 293,755 - $ 62,676 | $ 283,876 | $158,524 2.00
8|Process Chiller w/ Surge Tank 4,010 | 18,546,395 | 1,181,517 | 559 | (152,954) - $ 35894 | $ 378,558 | $306,771 2.00
9|Process Chiller Efficiency 3,984 | 18,381,916 | 1,181,517 26 164,479 - $ 13,158 |$ 24,423 |8 - 1.86
10|HVAC Chiller Efficiency 3,847 | 17,787,589 | 1,181,617 | 137 | 594,327 - $ 47546 | $ 171,881 | $ 76,789 2.00
11|Cooling Tower Approach 8°F 3,826 | 17,638,936 | 1,181,617 21 148,653 - 1% 11892 % 182395|% 99,549 6.97
12|Cooling Tower Approach 4°F 3,777 | 17,485,999 | 1,181,517 49 | 152,937 - $ 12,235 | 500 | % - 0.04]
13| Tower Control Optimization 3,794 | 17,386,127 | 1,181,517 (17) 99,872 - $ 7,989($ 5,500 | $ - 0.69
14|ASD's for RW Condenser Pumps | 3,723 | 17,154,886 | 1,181,517 71 231,241 - $ 18499 |$ 49737 | $ - 2,69
15]ASD's for Primary RW Pumps 3,688 | 17,034,110 | 1,181,517 35 | 120,776 - $ 9662 |$% 29063]|% - 3.01
16|ASD's for Secondary RW Pumps | 3,654 | 16,894,226 | 1,181,517 34 | 139,884 - [$ 11,1918 23062}8 - 2.06
17|ASD's for Tertiary RW Pumps 3,654 | 16,787,744 | 1,181,517 - 106,482 - $ 85193 54291 |% - 5.37
18|ADS's for Heating Water Pumps 3,654 | 16,705,809 | 1,181,517 - 81,935 - $ 6555|$ 30515(% - 4.66
19|RW Evaporator Flow Reset 3,654 | 16,672,114 | 1,181,517 - 33,695 - $ 2696|$ 400018 - 1.48
20|Environmental Room Floating Head| 3,654 | 16,615,428 | 1,181,517 | - 56,686 - |$ 4535|% 6,9081% - 1.52
21|Vacuum Pump Efficiency 3,652 | 16,605,292 | 1,181,517 2 10,136 - $ 810|$ 7683]% - 9.49
22|Motor Efficiency 3,521 | 15,958,700 | 1,181,617 { 131 | 646,592 - {$ 51727 |$ 117,925 | § - 2,28
Total ltems 1-22 - - - 1,677 | 4,018,129 | 316,621 | $552,818 | $1,783,360 | $842,400 1.70

03/10/99




Project Challenges and Roadblocks

Finding and Maintaining an Owner
Advocate :

Genentech Management Buy-in at the Early
Stages of the Project

Continued Support of Genentech Project
Management and Engineers

No Design or Construction Budget
Allocated for Energy Saving Alternatives

PG&E Offered to Fund the Majority of the
Costs for Idea Development and Analysis

PG&E Offered Incentives for Ideas that
Exceeded a 2 YR Payback

No Schedule Allocated for Analysis of
Energy Saving Alternatives

Integrated Consultant with Design Team
and Provided Timely Feedback on Ideas
and Recommendations

Design Team Focused on Implementation
and Not Evaluation

Separate Group Providing Energy Saving
Ideas and Analysis

Energy Consultant Must Provide
Information in a Timely Basis Not to
Impact Design Schedule

Information Flow From Design Team and
Equipment Vendors

Analysis Requirements in Equipment
Specifications

Ensure that Final Design and Equipment
Purchases are Consistent with Energy
Saving Options

Include Energy Consultant in Design
Package Reviews )

Ensure Construction and Commissioning is
Consistent with Energy Saving Options

Include Energy Consultant in On-Site
Verification and Review of Commssioning
Documents

Tie Incentives to Commissioned Systems

Ensure Operations Maintains Energy
Savings Philosophies

Education and Awareness




7y T ey e
N PRSI

Lawrence Berkeley National Laboratory
Environmental Energy Technologies Division

Cleanroom
Energy Efficiency Workshop

Proceedings

SECTION G

e )

ERNEST ORLANDO LAWRENCE
BERKELEY NATIONAL LABORATORY




BARRIERS TO IMPLEMENTATION

OF

ENERGY EFFICIENCY MEASURES

In this exercise, participants were given a list of barriers previously identified through
LBNL’s participation with industry, research organizations, and Universities. Many of
these barriers were previously identified in LBNL’s report “Energy Efficiency in
California Laboratory type facilities”. The participants were asked to brainstorm and add

any additional issues that they felt hindered implementation of energy efficient measures.
The following lists represent the groups understanding of the barriers. These have been
grouped into economic, regulatory, “inertia”, and practical considerations. Once

1 agreement on the barriers was obtained, the group then voted on the most significant
barriers. This identified the following issues as the most significant:

Insufficient time and/or fee — The group felt that most projects are under very

Capital Budget Approval -

First vs. Operational Cost -

Uncertain Room Use -

tight schedule and capital budget constraints. This
often precludes studying options to improve energy
efficiency.

The participants felt that obtaining capital budget
for energy efficiency improvements was a barrier.

The group discussed issues relating to capital cost
versus operating (expense) cost. Issues of first cost
emphasis rather than life cycle cost were identified.

The participants identified a frequent problem in
both semiconductor and biotechnology cleanrooms
in that the room use and corresponding loads for
sizing equipment are often unknown when a project
begins. They are not identified until after key sizing
decisions need to be made to support schedules.

The Group then brainstormed possible solutions to these barriers. The resulting group
input is attached as “Solutions to the Most Significant Barriers.”




BARRIERS TO IMPLEMENTATION
OF .

ENERGY EFFICIENCY MEASURES

Economic Issues:

El Obtaining Capital Budget approval

E2 Accounting for Capital Cost versus Opérating Cost

E3 Short payback required (2 years or less)

E4 Energy cost a smali % of total prodﬁction valué

ES Emphasis on first cost versus on-going operating cost

E6 Design and construction fees and ﬁnanciﬁg structure emphasizes short term

E7 Uncertainty of changing economics for base business

E8 Way Energy is accounted for

Regulatory Issues:

R1 Mandated flow rates: e.g. 100 ft./min. exhaust; 4 cfm/sq. ft. , etc.

R2  Insurance Company requirements: bonus for increased exhaust, redundancies,
etc. -

R3 Government interpretation of current Good Manufacturing Practices (cGMP) will
not allow changes.

R4  Fear of regulation limits sharing of data

RS  Prescriptive Standards versus performance standards

R6  Uncertainty

R7 Use of wrong metric

R8 Environmental Regulation works in reverse

R9  R3 - industry perception




BARRIERS TO IMPLEMENTATION
OF

ENERGY EFFICIENCY MEASURES

“Inertia” Issues:

11 That’s the way we always do it

12 Insufficient time and/or fee to consider alternatives
I3 Decisions made early in design and no time or too costly to change
I4 Out of date design standards or available vendor options

I5 Replication of existing buildings/ designs
I6 Lack of education for Designers

17 Lack of education for Operators

Practical Issues

Pl Availability of equipment/components

P2 Incremental buildout

P3 Future use uncertainty/flexibility

P4 Standardize spare parts/ equipment

P5 Proprietary issues — inability to share best practices
P6 Lack of technical basis for fine tuning

P7 Cleanroom Protocol limits trade off opportunities

P8 Uncertain room use / tool set




BARRIERS TO IMPLEMENTATION
0))

ENERGY EFFICIENCY MEASURES

Solutions to Most Significant Barriers

Inertia Issue — Insufficient Time and/or Fee

-Planning early

-Convincing owners

-All players on board

-Complete decision chain

-Fee for performance +

-Third party energy efficiency analysis

-Define energy efﬁcienéy requirements in the RFP
-Better, faster, cheaper analysis tools

-Clearer design goals

-Experience & knowledge of design firms

Economic Issue — Capital Budget Approval

-See previous pages

-“Capital Savings”

-Show energy cost as a line item

-Roll energy efficiency upgrades into other upgrades
-Capture multiple benefits of energy and non-energy
-Provide industry-wide information

—Energy efﬁéient fund for design services, or equipment




BARRIERS TO IMPLEMENTATION
OF

ENERGY EFFICIENCY MEASURES

Solutions to Most Significant Barriers

Economic Issue — First vs. Operational Cost

-Tax laws regarding depreciation and expensing
-Systems approach for energy efficiency
-Energy Efficiency can result in lower first cost
-Creative financing

-Rebates

-Shared Savings

-Guaranteed /

-Outsourcing
-Metrics $/ft* as designed Vs. $/ft” as operated
-Focus on Non-energy benefits - reliability
-Capitalize operation up front
-Focus on operations
-Database of building operating parameters

-Learning from previous plants — provide feedback to designers

Practical issue — Room Use/Tool Set Uncertainties

-Design for flexible or questionable use
-Get owners and suppliers to decide earlier
-Reduce penalty for oversizing

-Reduce chiller delivery time, to match actual design load
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Participant:
» Jssuel:
= Jssue 2:
»  JIssue 3:
»  Jssue 4:
Participant:
s Jssuel:
»  Jssue 2:
x  Jssue 3:
Participant:
»  Jssue 1:
»  Jssue 2:
= Jssue 3:
Participant:
n Jssue1:
»  Jssue 2:
n  Jssue 3:

PARTICIPANTS PRIORITY RANKING FOR
Research and Development

1

Documenting (measuring) non-energy benefits.

Decision-making research — how and why are energy projects approved or
disapproved.

Diffusion of innovation — how new energy projects/products are transferred
within companies and across companies. Replicability?

Operator training and certification.

2

Cleanroom/H-6 air monitoring for hazardous/contaminating chemicals/vapors
as method of control of minimum exhaust rates, to allow for reduction in
continuous makeup air requirements.

Bigger emphasis on the importance of design and research/evaluation of
alternatives.

Accurate data for tool heat loss for better sizing of equipment.

3

Parametric data on utility consumption for various microelectronics products
(processors, dram, etc). Emphasis on electrical power.

The level of acceptance of mini-environment technology within the
microelectronics industry. Evaluation of first cost of mini’s versus the energy
savings and corresponding reduction in first cost of the air management system.

Minimization of exhaust.

4

Research on what considerations other than financial ($$ savings) may sway
decision makers to implement energy efficiency — how do you sell it?

Quantify social benefits of energy efficiency — why shoﬁld they do it?

Case studies of min/max airflow rates for various designs and actual cleanliness
achieved — what others have done.




Participant:

=  Jssue 1:

= JIssue 2:

= Jssue 3:
Participant:

= Jssue 1:

= Jssue 2:

x  Jssue 3:

= Jssue 4:
Participant:

= JIssue 1:

»  JIssue 2:

= Jssue 3:
Participant:

x  Jssue 1:

= Jssue 2:

= Jssue 3:
Participant:

x  Jssuel:

x  Jssue 2:

x  Jssue 3:

5

Real air change rates for clean room design -

What will it take to transform the industry away from cost driven
savings/opportunities?

Chiller plant optimization studies

6

Identification of standard metrics for tools and types of facilities.
Ways of reducing wasted energy by reusing it in other parts of the process plant.
Education for designers and owners of clean rooms.

How to market energy savings versus capital costs.

7

Process Energy Model — this model wouid provide a generalized perspective on
things like: Energy/Process step by type, Heat rejection to (by area), etc.

Low energy, high volume abatement emissions research for VOC’s, HAP’s and
maybe PFC’s.

Fab scale energy model

8

Non-energy benefits — Identify the NEB’s from energy projects. Quantify their
impacts. Develop case study materials. Recruit suitable allies to help communicate
results, e.g. insurance carriers (build on E. Mills work).

Energy efficiency performance measurement, metrics. Expand IMPS work to
define appropriate measurement system, quantify costs and benefits. Find early
adapter to work with.

Lots of great research ideas!

9

Federal and state financial incentives for energy.
Better tool electrical load — operational cycle and heat rejection load.

Establish a credible set of metrics — develop financial incentive package to
“motivate” compliance and upgrades — federal and/or state funded.
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10

Identification of non-energy productivity or environmental improvements that
carry energy efficiency benefits.

Operational data to support convincing arguments for energy efficient
technology and operating practice investments, through first-principal simulation,

demonstrations, baseline/benchmarking studies, etc.

Mapping and evaluation of relative worth of issues versus technologies and
applicability to various plant configurations and operations.

Map decision process for technology adoption and pinpoint the steps with the
greatest opportunity for encouraging adoption and how.

11

Cleanroom tools — vendor standards heat gain to space and how it is removed
lower exhaust air required and safety level for workers to discharge levels of
%HPM.

Cleanroom air flow rates — number of air changes versus particle count
pollution abatement levels mini-environments for C1-10 and lower.

Cleanroom lighting levels — heat gain to space.

12

Fab energy pareto diagram without interruption of manufacturing.
Optimization of cleanroom temperature, humidity and pressurization control.

Non-intrusive analysis of manufacturer tool energy pareto diagrams of “real”
tools.

Risk and/or reliability analysis tools to help quantify benefits of energy efficient
projects. ‘

13

Metrics — Create a small set of metrics and gather as much data as possible and
share kw/ton, cfm/kw, cfm/kw, gpm/kw

Targeted project for small cleanrooms

Research on the need for primary/secondary pumping systems and /or low face
velocity design — create fundamental design philosophy change.

Technology adoption
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14

How do we create incentives for equipment (and tool) manufacturers to create
and/or promote use of smaller, more efficient equipment, e.g. chiller manufacturers
would rather sell you a big (over-sized) chiller.

Need to know more about actual operating costs of facilities.

Desperately need to give emphasis to small cleanroom operators — they make up
at least a factor of 10 more of the companies who operate cleanrooms.

15

Move the line between design and construction to allow significantly more
effort, at the earliest possible stage, in energy efficient design. Frustrated by
numerous projects wither because design has moved past the stage where energy
efficiency can be implemented in design and/or where resources are no longer
available to perform design development and analysis.

Heat recovery from exhausts — heat pipes, thermal wheels, run-around
systems. Potential for energy savings are significant. Resistant to changes in
design concepts.

Air flow rate reductions based on instrumental controls. Blind reliance on
standard rates. Measure particles — change standards, educate insurers.

16

How-to incentive-ize energy-efficient design and operation

Better integration of process and facility design for resource efficiency.

17

More efficient cleanroom process tool energy use (electrical energy and exhaust
air/make-up air needs).

Cleanroom class versus product yield. Is it possible to reduce class or reduce
clean room support areas class and not greatly effect yield versus gowning and
personnel tool cleaning protocols. Yield versus airflow velocity Hepa coverage,
Hepa type, etc. (also mini-environments).

Cleanroom performance metrics.
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18

Intuitive, easy-to-use, power research stations with expandability and expansive
installed applications programs.

Semi-conductor tool power research to become a mature science, not only to
increase efficiency but to strengthen tool sets.

Tight specifications all tool and infrastructure.

19
Modeling fab.
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Opportunities are Real

41% reduction in energy use per square foot from 1985
baseline
$4.4 million/year more research based on 1985 energy
prices
Pollution reduction

= 14,174 tons CO2

= 12,885 tons SO2
= 9,449 tons Nox

Improved worker productivity
Safer environment
Improved reliability

Project Focus: Energy Efficient High
Tech Buildings

+ Project Funded by the California Institate for Energy Efficiency

» High Tech space such as research laboratories and manufacturing clean rooms
serve California industries of the future

+ High Tech buildings have unique environmental needs that are energy
intensive

» Opportunities for efficiency improvements are significant
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Energy Efficient High Tech Buildings
Sub-Projects

1. Design Intent Documentation
(Building Life-Cycle Information System)

2. Clean Rooms of the Future

3. Fume Hood Containment - Ultra Low Flow Hoods
4. Airflow Design

5. Field Studies and Performance Feedback

6. Technology Transfer - Laboratory Design Guide

Design Intent Documentation

Objective:
Capture design intent information & performance
expectations for use throughout the building’s life-cycle.




Design Intent Documentation

Performance Metrics for

Laboratories: ‘

Illustrative Detail

Thermal Quality
Space Requirements — Room Air Temperature Range
—~ Room Relative Humidity Range (% RH)
Visual Quality
Functional Requirements Noise Criterion
' Alr Distribution System
— Overall Pressure Drop (in H20, Pa)
Life-Cycle Cost - Ventfation
~ Minimum Qutside Alr
- Alr Changes (ACH)
= Supply Alr Enthalpy
Energy-Efficiency - AirQuality
- Pressurization
- Fume Hoods
Indoor Environmental Quality - Biological Safety Cabinets
- Air Handling Units

\ - Exhaust

Design Intent Documentation Tool

Range




Design Intent Documentation F'eeds into
Building Life-Cycle Information System

BLISS Performance Tracking
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Clean Rooﬁs of the Future

Objective:
Improve energy efficiency and performance of Clean Rooms

T




California Clean Room Trehds

California Clean Room HVAC
consumes 1.2 GW of power and is | cattornia Goan BocmsivaC Energy Trengh
growing rapidly
HVAC energy intensities are .
10 to100 times higher than ordinary Ll na
buildings -
Floor area growth projected at - | i [ hwj’
4%lyear S/

1500 ]
Trend towards cleaner, more energy ] oo
intensive Clean Rooms - | i
First order HVAC efficiency "1 |
potential estimated at 80% ¢ } : y

38 00 2007 00

Savings potential by 2015 exceeds 2 Yoar
GW of peak capacity

Clean Rooms of the Future:
Efficiency Measures

1. Improve motor efficiency and selection
2. Improve fan efficiency (as installed - including system effect)
3. Reduce system static pressure
* low face velocity/high coolant velocity coils
* low pressure drop filter systems
« low velocity (and pressure) air distribution
4. Improve chiller plant efficiency
* right size
* separate high and low temperature requirements (e.g. cool
recirculated air with 60 degree water)

* optimize entire system
5. Optimize air flow design
6. Use advanced modeling (CFD) to optimize room design
7. Improve and integrate sensors, controls and monitoring
8. Reduce outside air
9. Improve heating system efficiency
10. Use heat and cool recovery




Cleanroom End-Use Energy Breakdowns
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fans cooling pumps tower

Survey of design tools’

Evaluation of design and
analysis programs

Design Charrette

Technology transfer

Current Cleanroom Work

Workshop
Case studies

Collaboration
w/industry

Web site




LBNL Cleanrooms Website

The Resource-Efficient Cleanroom Center
at Berkeley Lab .

InformaSon fo held you casiin & resource-oficien! cleanroom thal comphas wih ISO 14000, conservas anergy, and provides ihe
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Fume Hood Containment -
Ultra Low Flow Hoods

Objective:
Reduce fume hood air flow requirements at least 50%




Airflow Design

Objective:
Develop airflow design criteria and tools to optimize fan
power consumption

¢ Airflow design has extraordinary
impact on energy and
performance of high tech
buildings.

* Systems approach required

* Design guide completed

* Model for dynamic multi-fan
systems underway

Field Studies / Performance Feedback

Objective:

Provide feedback to designers and operators of actual
building loads and performance (reduce oversizing)

¢ Performance Metrics
e Database

* Feedback Mechanisms

e el et I &1




Technology Transfer:
Laboratory Design Guide

“T received your guidelines for “Energy Efficient Research Laboratories” today and
want to really thank you. I am extremely impressed with its scope and in-depth
information. I have read several published books on lab design and mechanical
engineering that do not come near to communicating the amount of information
that you have assembled in your design guideline.” (Frank Kutlak, NIH)

“T handed my copy of your design guide to our plant division and they were in
seventh heaven - everyone is very impressed. However, I now do nothave a
hard copy. In addition they asked for 4 more copies for their various
branches...” (Steve Hagan, NIST)

“The FDA is involved in the design of numerous large facilities including
laboratories. I have been to the web site and found the information very
interesting and useful. I have forwarded your web site address to the numerous
A & E firms that the FDA is working with. (Clyde Messerly, FDA)

ATEAM.LBL.GOV/DESIGN-GUIDE




Advanced Technology Materials

Application of “Air Dam” Technology to

Objective:

Benefit:

Issues:

Semiconductor Manufacturing

Reduce Process Tool Exhaust Requirements
‘[1] wet benches

[2] spin on coaters

Cost Savings
[1] ~$4 per cfm in annual operating expense

[2] >$75 per cfm in capital avoidance

Adaptébility to Semiconductor Process Equipment
Impact on Wafer Yield
Benefits Validation/Technology Acceptance

ES&H Buy In

LBL Exhaust Reduction Technology
Potentially Can Reduce Clean Room Cost

7 Commerce Drive
Danbury, CT 06810-4169
Phone (203) 794-1100
Fax (203 794-8040
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Advanced Technology Materials

Focus:

Design:

Modeling:

Development Program Outline For

Wet Cleaning Stations

Open Architecture and Mini Environment

Integrate Air Dam Into Existing State-of-the-Art Equipment

Estimate 3-4 months to complete

Optimize Design Using Fluid Dynamic Models

Estimate 1-2 months to complete

Prototypes: Build Full Scale Working Tools

Testing:

Estimate 6-8 fnonths to build and release prototypes
Acquire and Assess Fab Operation Data

Estimate 6 months to report results

Technology Development Phase Will Take ~18 Months.
Cooperation With Sematech and OEMs Will Shorten Time

7 Commerce Drive
Danbury, CT 06810-4169
Phone (203) 794-1100
Fax (203 794-8040



