COOLING, HEATING, AND POWER IN COLLEGES AND UNIVERSITIES:
UNDERSTANDING THE MARKET AND FACILITATING ITS GROWTH

PHASE 1

/Z3 INTERNATIONAL
= DISTRICT ENERGY
B (o o NARENAL AR T A_SSDCIATDN

Prepared by the International District Energy Association
for Oak Ridge National Laboratories
and the US Department of Energy

January 2002



SUBCONTRACT

DOE contract number:

Subcontract number/date:
Contact person/telephone:

Fax number:
Email address:

Seller number:
Seller information:

Seller telephone:
Seller contact person:

DE-AC05-000R22725

4000009607 06/13/2001
Kathryn Collins 865-574-5225

865-241-2426
colli dornl.gov

216855

International District Energy Association
(IDEA)

125 Turnpike Road, Suite 4
Westborough, MA 01581

508-366-9339

Robert P. Thornton



TABLE OF CONTENTS

SECTION I: INTRODUCTION

SECTION 1 ACCOMFLISHMENTS

SECTION IIl:  RESULTS OF THE STUDY
SECTIONIV:  KEY FINDINGS

SECTION V: CASE STUDIES - LESSONS LEARNED

Cornell University

Massachusetts Institute Of Technology
Princeton University

Rutgers University (Pending)

Slippery Rock University

Stanford University

University Of California, Los Angeles
University Of North Carolina At Chapel Hill
University Of Pennsylvania

University Of Texas At Austin

SECTION VI:  NEXT STEPS AND PATH FORWARD
APPENDIXI:  WEB-BASED SURVEY FORM
APPENDIXIL: CENSUS SURVEY FORM
APFENDIXIII: DATA TABLES

Table 1: Longevity of Central Plant Operations

Table 2: Heating System Data

Table 3: Heating Equipment Detail

Table 4: Cooling System Data

Table 5: Cooling Equipment Detail

Table 6: Electricity Generation Data

Table 7: Electricity Generation Equipment Detail

Table 8: Expansion Projects in Planning Stage - Heating

Table 9: Expansion Projects in Planning Stage — Cooling

Table 10: Expansion Projects in Planning Stage — Electricity Generation
Table 11: Expansion Projects in Construction Stage - Heating

Table 12: Expansion Projects in Construction Stage - Cooling

Table 13: Expansion Projects in Construction Stage ~ Electricity Generation



[ INTRODUCTION

Combined cooling, heating, and power (CHP) has the potential to increase
source energy efficiency dramatically and reduce carbon and air pollutant
emissions. Combined heat and power produces both electricity and usable
thermal energy, converting as much as 80% of the fuel into usable energy.
Conventional central station power plants, on the other hand, convert only about
a third of the fuel’s available energy into usable electric power energy, wasting
the thermal energy.

New and emerging CHP system choices include a spectrum of technologies, such
as fuel cells, microturbines, and industrial advanced turbine systems, which are
more economically attractive, reliable, and versatile. These choices should open
new markets for CHP. New thermally driven cooling and humidity control
technologies that can use CHP heat output are likewise being demonstrated and
developed.

While CHP use in commercial buildings in the US is in its infancy, CHP systems
have been used in institutional buildings and on college campuses for decades.
A number of data sources, such as the Utility Data Institute and the DOE's
Energy Information Administration (EIA), cite 2000-3000 MW of installed CHP
capacity in buildings or on campuses. Independent energy organizations, such
as the District Energy Library (www.energy.rochester.edu) hosted by the
University of Rochester cite numerous CHP installations in educational
institutions. The report, District Energy Systems Integrated with Combined Heat
and Power, prepared by Mark Spurr of the International District Energy
Association, examines these data sources and concludes that the total CHP
serving buildings through district energy systems in the United States stands at
roughly 3500 MW,

While the overall size of the CHP market in the buildings sector is somewhat
uncertain, most agree that colleges and universities, health care complexes, and
military bases hold the largest potential for near term growth. The federal
government owns and operates hundreds of central plant facilities at military
bases, prisons, and campus locations that hold potential for CHP. Some of the
factors that drive the favorable economics of CHP in these building types are:

» Multiple building loads under common ownership, so that electricity,
heating, and cooling loads can be aggregated and served by a central
system that is larger, more efficient, and more cost effective than several
smaller systems

» Close proximity of buildings, which ensures that connecting buildings
with hot water /steam/chilled water piping is not cost prohibitive.




* Buildings are occupied by “owners,” not leased to tenants, making a
higher degree of control and comfort desirable. Common ownership
reduces the market uncertainty of speculative commercial office leases
and supports the capital investment in central plant and distribution
network. Many research facilities and critical care functions require the
higher reliability of service from a central plant.

* Occupancy levels are generally high, with students or patients occupying
the facilities around the clock, creating high load factors that help
amortize the investment in CHP systems.

COLLEGE AND UNIVERSITY ENERGY SYSTEMS

Many universities have long used district energy systems or campus energy
systems as a means of controlling utility costs and managing capital and space
costs more efficiently. Central plant systems serve multiple institutional
buildings and deliver “ready-to-use” thermal services directly to these buildings
in the form of chilled water, steam, or hot water. District or multi-building
systems that serve a single institution in a campus setting can eliminate the need
for multiple boilers and furnaces to provide heating and electrically driven
chillers for air conditioning in individual buildings, thus offering significant
economies of scale.

Recovery of waste heat produced during power generation is a particularly
important part of these campus systems. The recovered thermal energy can be
used directly for district heating, converted to hot water district heating or steam
can drive chillers to make chilled water for cooling. Or, in some cases, the CHP
system may be sized to meet the thermal requirements of the campus, with
electric power generation as a secondary product. District cooling may be
delivered via chilled water through underground piping systems. It may be
more localized with steam-driven absorption chillers distributed closer to the
cooling loads and linked to a central steam system. District cooling systems or
distributed absorption chiller systems can significantly reduce peak power
demand by displacing some or all of the electrically driven chiller peak demand
for individual buildings and by improving the cost effectiveness of thermal
energy storage in hybrid configuration systems.

PROJECT OBJECTIVES

The objectives of this project, to be accomplished over multiple phases, is to
gather and use available information, experiences and data on existing CHP
installations in colleges and universities:

* To document the benefits and the lessons learned about barriers and
hurdles to implementation and how to successfully deal with them




» To assess common attributes of successful CHP installations and identify
institutions with strong potential for new or expanded CHP systems
* To develop appropriate outreach materials and the communication

network to facilitate education of decision makers at these prospective
CHP sites

This initial phase of the project consisted of three tasks: conducting a census of
college and university CHP systems, creating case studies on select colleges and
universities, and documenting lessons learned and barriers/hurdles to
implementation. This information is presented on the following pages.



Il. ACCOMPLISHMENTS

The work was conducted during the timeframe from September 2001 until
January 2002. There were three primary components to the work: design,
development and deployment of a web-based survey; design, development and
execution of a multi-channel census; and research and development of case
studies on institutions with unique or differentiating installations of district
energy systems. Each of these components provides a different perspective of
what is happening in the central plant and facilities departments with regard to
district energy and combined heat and power at the nation’s colleges and
universities. The findings were compiled into this report during January 2002.

RESEARCH POPULATION

The institutions contacted for this study were identified from several industry
listings. These listings are maintained by IDEA, the Association of Higher
Education Facilities Officers (APPA), and the District Energy Library at the
University of Rochester. Not all the institutions in the listings have central
plants, but institutions that have central plants are most likely to be found within
at least one of these lists. The total number of institutions comprising the
populations in the aggregated and assimilated list was one thousand two
hundred and eight (1208).

WEB-BASED SURVEY

The web-based survey was designed and implemented during September to
provide qualitative insights. The survey included thirty questions ranging from
basic system metric information to topics such as challenges to current expansion
plans and the possible roles for government as a catalyst to the expansion of
combined heat and power in the college and university sector. The qualitative
survey was created using a web survey tool called Zoomerang. A sample survey
can be found in Appendix I. Potential respondents from the industry lists were
emailed the survey URL along with a cover letter from IDEA and a series of
follow-up emails were sent to request participation. Eighteen responses were
received.

CENSUS

The census was designed to capture quantitative data about the installed
equipment base at these institutions. The census was conducted from September
2001 through December 2001, with responses still trickling in during January
2002. Institutions from the three lists were contacted by multiple means - phone,
email, and fax - but phone calls were the primary contact method. Collecting
census data was a labor-intensive process, requiring extensive calling and
interviews to assemble detailed facility information, but this was the only way to
ensure a decent data capture rate. Institutions that were known to have central




plants or that were most likely to have them were called first. In all, 436
institutions were contacted. Of these, 130 reported that they had central plants,
39 reported no central plant, and 267 did not respond or have not yet responded.
A sample of the census form can be found in Appendix II.

CASE STUDIES

Ten institutions were profiled in case studies. The intent of the cases is to
demonstrate a variety of technical applications or operational approaches to
central energy systems on the nation’s campuses. It is our intention that that the
stories presented here will provide helpful insights to others looking to expand
their district energy systems or integrate innovative technologies such as
combined heat and power.

These cases were selected for at least one of several reasons. Some, such as
Cornell, were chosen for their innovative use of environmentally sustainable
energy sources such as deep lake water cooling. Others, such as Slippery Rock,
were chosen as examples of technological innovation to address emissions
restrictions through co-firing of natural gas with coal. Still others, like MIT, were
chosen for their insight into regulatory issues facing colleges and universities
looking to transition electric demand away from the local utility to on-site
generation. The cases were developed from October through January with the
assistance of facilities directors from the universities. Each case study report will
include a “champion” who will serve as contact person for those seeking greater
detail or additional insights.

The case studies include:
» Cornell University
* Massachusetts Institute of Technology
* Princeton University
Rutgers University (pending)
Slippery Rock University
Stanford University
University of California, Los Angeles
University of North Carolina at Chapel Hill
University of Pennsylvania
* University of Texas at Austin




[11. RESULTS OF THE STUDY

The research conducted over the past several months yielded several major
pieces of information. The first is the set of tables containing census data for the
colleges and universities. This data includes, but is not limited to, system
capacities, annual fuel expenditures, size of distribution networks, and types of
equipment installed. The second is a set of qualitative responses providing
insights into barriers to progress and opportunities for government involvement.
Third is a set of contemporary case studies highlighting best practices,
innovation, and lessons learned from institutions with district energy systems in
place. The cases are presented in Section V, while other data is presented below.

CENSUS COMPILATION

As noted earlier, census data was collected from October 2001 through January
2002. Institutions that were known to have central plants or that were most
likely to have them were called first. In all, 436 institutions were contacted. Of
these, 130 had central plants, 39 had no central plant, and 267 did not respond. A
breakdown of the number of institutions contacted by source list is shown below.,

__._____Finished, r ﬂﬂﬂm_e‘-ﬂl H__ I _2: | i E e
Contacted but has not yet responded &7 3 | 24 | 1] ?13 |
[ To be contacted 772 2 | 7 | 3 | 780
Tatal 1208 [13 LI [ 5 | 1088

The results presented for the census are for the 130 institutions reporting central
plant information. While the number of institutions reporting information does
not represent the entire universe of central plants on university campuses, it does
represent a significant percentage of them. The data we received was of good
quality and provides us with a good initial sense of what the typical campus
installation looks like and what is going on in the market today vis a vis
expansions and replacement of current equipment. As noted earlier, census data
continues to be submitted even now.

If efforts to collect data are continued, it will be easier to construct a fuller picture
of the marketplace. The recommended path forward is presented in Section VI,
What is presented graphically in this section is a snapshot of the information
received as of early January 2002.

Detailed information is presented in tabular format in the appendix. The
information is split into tables in this manner:

» System longevity information



* Heating system summary data

* Heating equipment detail

+ Cooling system summary data

» Cooling equipment detail

» Electricity generation system summary data

+ Electricity generation equipment detail

+ Expansions in planning stage - heating

» Expansions in planning stage — cooling

* Expansions in planning stage — electricity generation
» Expansions under construction—heating

» Expansions under construction—cooling

« Expansions under construction—electricity generation

Summarized and tabulated information (as of early January 2002) is presented
here:

Heating Capacity

Most central plant facilities include heating capability. Of the 130 institutions
that reported having a central plant, 119 reported data on heating capacity.
Below are statistics calculated based on the 119 institutions that provided this
data. The reporting unit for heating capacity is pounds of steam assuming a heat
content of 1197 BTU/pound of steam at a nominal pressure of 150 psig saturated
steam. The aggregate heating capacity of the respondents equals 39 million
pounds of steam per hour.

Sum of all capaci 39,092 540(bs/hr

Mean installed capac 328,509/bs/hr
Median installed capac 206,0001bs/hr
Range 6,000 - 3,300,300/bs/hr

Primary Fuel Source

Natural gas was the most commonly identified primary fuel source on campus.
The chart is based on 121 institutions reporting fuel source data. Following
natural gas in order of use was oil, coal, and other.



Primary Fuel Source
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Annual Fuel Expenditures

Ninety institutions reported fuel cost data. If data was provided only in terms of
volume consumed, the following average cost assumptions were used: natural
gas, $4/MCF or $0.40/therm; oil, $1.60/gallon; coal, $40/ton. Respondents were
asked to provide fuel consumption data for the last full calendar year (2000).
Fuel consumption was not normalized for weather, nor was it requested in form
to reflect an “average annual volume.” The intent of this inquiry was not to
discern individual institutional purchasing habits, but more to develop an
overall scale for fuel consumption in the aggregate for this sector. In the

aggregate, the respondents reported total annual fuel consumption in excess of
$234 million.

Total Fuel Expenditures at All Institution 234,261,000dollars
Mean Annual Fuel Expenditu 2,602,900dollars

Median Annual Fuel Expenditu 1,500,000dollars

Ran 30,000 - 18,683,000dollars

Length of Heating Pipe Installed on Campus

Ninety-one institutions reported data on the length of steam or hot water
distribution piping. Total pipe length is equal to the combined linear feet (not
trench feet) of supply and return piping, including mains, trunks, and service
laterals connecting to user buildings. The total aggregate length of heating pipe
(supply and return) reported by respondents was 4.2 million linear feet or
approximately 795 miles.




Mﬂanl 46,145linear feet
Media 21,000linear feet
[ Range 2,000 - 245,000/inear feet

‘ Sum 4,199,163 linear feet

Heat Distribution Method

120 institutions reported the method they used to distribute heat to campus
buildings. Steam was by far the most commonly used medium of heat
distribution, followed by hot water district heating.

Heat Distribution Method

10%
11%

m Hot Water
W Hot Water & Steam |
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Implementation of Condensate Return Systems

108 institutions had steam distribution systems on campus. 82% of those
reported having a condensate return system, 1% reported not having condensate
return, and 17% did not provide any information.

Presence of Condensate Return Piping in Institutions with
Steam Distribution Networks

17%
W Yes

mNo
0O Unknown

82%




Heating Pipe Construction

77 institutions provided data on both heating pipe length and construction.
These figures were combined to derive the proportions of total length of heating
pipe across all campuses that is direct buried or in tunnels and vaults. We found
that heating pipe is more commonly found in tunnels or vaults as opposed to
being direct buried.

| Proportion of Total Linear Feet of Heating Pipe That Is Direct
Buried vs. in Tunnels or Vaults

Direct Buried
35%

TunnelsMNaults
65%

Number and Capacity of Cooling Plants

Of 130 institutions, 48 had one central cooling plant, 38 had multiple plants, 37
had none, 2 had an unknown number (but at least one), and 5 did not report the
number of plants. Capacity statistics were calculated based on responses from 85
institutions providing data. The total aggregate cooling capacity reported by
respondents was 830,000 Tons.



Number of Central Cooling Plants on Campus
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[ Sum of all cooling capac.*t)) 829,910Tons
Mean cooling capaci 9,764Tons
[ Median cooling capaci 5400Tons
Rang 580 - 44,000Tons

Thermal Storage

The majority of cooling systems do not employ thermal storage technology. Of
88 institutions with cooling systems, 69 had no thermal storage, 11 had chilled
water storage, 7 had ice storage, and 1 did not provide data. 16 of the 18
institutions with thermal storage provided capacity information for their thermal
storage systems.

16,840,000 gallons total chilled water storage (10 institutions reporting)
139,900 [ton-hrs total ice storage (6 institutions reporting)




Thermal Storage Methods Employed at Institutions with
Central Cooling Plants
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Length of Cooling Pipe Installed on Campus

64 institutions reported data on the amount of cooling pipe installed on campus.
Pipe lengths include supply and return piping. The aggregate length of district
cooling pipe reported by respondents was 1.44 million linear feet of supply and
return piping or approximately 272 miles.

Su 1,436,618 linear feet
Mea 22,447 linear feet
Media 16,000/inear feet
Rang 2,000 - 89,228linear feet

Cooling Pipe Construction

61 institutions provided data on both cooling pipe length and construction.
These figures were combined to derive the proportions of total length of cooling
pipe across all campuses that is direct buried or in tunnels and vaults. We found
that cooling pipe, unlike heating pipe, is more commonly direct buried as
opposed to being found in tunnels or vaults.




Proportion of Total Linear Feet of Cocling Pipe That Is
Direct Buried vs. in Tunnels or Vaults
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Electrical Generation

A surprisingly large number of schools with central plants co-generate power,
Of 128 schools reporting, 45% said they co-generate power on campus. Of the
two schools that only generate, one has capacity installed for emergency backup
power only, and the other generates power to meet regular campus demand.
Respondents reported a wide range of generation technologies and capacities.
The range of equipment selection varies from the largest unit, a 45 MW GE LM
6000 gas turbine, to the smallest reported unit, a 0.18 MW Capstone
microturbine,

Campus Electricity Production

@ Generation
| i Co-generation

[0 Generation and Co-

53% generation Both ‘

0 Mone




Total installed generation capacity 847.715MW
verage installed capacity per institution 16.34MW
edian installed capacity per institution 7A5MW
ange 0.18 - 85MW

Percentage MW Installed Capacity by Generator Type

Backpressure
r  turbine
f 9%
| Diesel engine
Steam turbine : 3%
41%
Reciprocating Gas turbine
engine — / 45%
2% Microturbine

0%

Percentage of Energy Requirements Met

Ranges vary widely within each category, but the percentages of campus energy
requirements met are distinctly different for heating, cooling, and power. It
should be noted that respondents don’t track this figure uniformly for heating
and cooling. Some institutions use operational metrics such as percentage of
campus energy usage served by the central plant, while others use percentage of
building square footage served. These two numbers are not identical substitutes,
as not all buildings on campus are equally energy intensive, The number,
however, does provide us with a good guideline to understand at a basic level if
there is room for further expansion of district energy systems on campuses and
what ratio of thermal and electrical energy needs are met by the central plant
system.

Heating Cooling Electrical
Average percentage of campus needs met B4% 67% 49%
Range of responses 19-100% 8-100% 0-100%




QUALITATIVE RESPONSES FROM WEB-BASED SURVEY

Responses to qualitative questions were collected through a web survey tool
called Zoomerang. A copy of the survey instrument can be found in Appendix L.
The survey is also available over the web at:

http:/funww.zoomerang.com/survey.zgi? 8H7M152RVQS71 XRRMX3EMKKT

The survey was emailed to 285 people, and eighteen responses were received,
representing seventeen colleges and universities. One response was from an
industry service provider working on contract at a university setting. The
qualitative questions inquired about challenges to current expansion plans,
asked for ideas as to what things the government could do to make
implementing CHP solutions easier, asked respondents to rank in order of
usefulness various possible programs, and gauged interest in government
funding for CHP projects on campus.

Challenges to Current Expansion Plans

Respondents were asked what the biggest challenges to their current expansion
plans were. They were asked to give each item a rating: Not a concern, Small
concern, Major concern, or Barrier to progress. Capital constraints,
environmental regulations, and technical issues were more likely to be cited as
concerns than choice of technologies, lack of clear utility interconnection
standards, or utility counteroffers. Ratings for fuel price uncertainty exhibited
greater variance; this is probably due to a number of factors, including proximity
to fuel source, geography, local distribution company charges, and fuel market
economics. Below is a chart showing number and percentage of responses in
each category for each potential challenge.

Challenges to Current Expansion Plans
Barrier to
Rating given: Mot an issue Small concern Major concern  progress
1 4 9 3
[Capital constraints 6% 24% 53% 18%
Convincing decision 3 8 5 1
akers of economic
enefits 18% 47% 29% 6%
omplexity of 7 4 5 1
implementation 41% 24% 29% 6%
Air emissions 6 4 5 2
jrestrictions 35% 24% 29% 12%
5 3 8 1
|Space constraints 29% 18% 47% 6%
L 6 2 & 3
Fuel price uncertainty 35% 12% 35% 18%




Current life remaining 4 9 4 0
in existing equipment 24% 53% 24% 0%
Regulatory 6 6 5 0
uncertainty 35% 35% 28% 0%
Lack of clear 10 B 1 o

echnology choices 59% 35% 6% 0%
tack of clear utility g 5 3 g
interconnection

tandards 53% 29% 18% 0%
Utility counteroffers

backup rates, exit

ees, or negotiated g 5 1 2
programs and

iscounts) 53% 28% 6% 12%

Based on the weighted average of the responses, these items ranked as follows,
from largest barrier to smallest concern:

Largest barrier: Capital constraints
Fuel price uncertainty
Space constraints
Convincing decision makers of economic benefits
Alir emissions restrictions
Current life remaining in existing equipment
Complexity of implementation
Regulatory uncertainty
Utility counteroffers
Lack of clear utility interconnection standards
Smallest concern: Lack of clear technology choices

Things the DOE or Other Government Agencies Can Do to Make It Easier to
Implement District Energy and CHP Solutions on Campus

We gave respondents the ability to provide a freeform answer to this question.
Their unedited responses are provided below:

Respondents views on what the DOE or other government
gencies could do to make it easier to implement district energy
nd combined heat and power solutions

|[Estabiish a coherent national en




For a standard electric chiller/steam boiler central plant — example of simple
straightforward additions to improve efficiency will [sic] all assumptions clearly
identified.

Get EPA to favor CHP

If expansions were desired, State would need to fund them.

Listen to the people who actually operate, maintain and design these facilities. Do
t put so much creditability in accounts [sic] and other that are not familiar with
mfa industries.

|Make funds available
[Nnt considered of importance in our situation.
ffer very reasonable financing or incentives for private industries to construct

istrict utility plants. | would also be open to any DOE sponsored research projects
lo be conducted on our campus.

|Provide economic incentive programs
Provide emissions/permitting incentives.
Provide evaluation tools/metrics

ISell the worth to executive level Institutional governance. Introduce state
|Governors to value in paying attention to infrastructure.

Solve the fuel price volatility problem and put a limit on LDC delivery and local tax

harges to bring CHP within the range of feasibility. We pay the LDC $1.08 plus
E% of our city gate deliveries for MBTUs at our burner. Yet our commercial
lectricity is a bargain at .071 summer and .052 winter.

Standardize utility requirements and fees for CHP

Work with EPA to reduce regulatory barriers to non-profit higher education
institutions. Provide grants/funding to higher education (colleges and universities),
and not necessarily in the form of tax credits or financial incentives to private
lentities.

Ranking of Services in Order of Helpfulness in Implementing Cooling,
Heating, and Power Projects on Campus

Respondents were asked to rank a list of eight possible services from most
helpful to least helpful (scale of 1 to 8) in order of how helpful they would be.
Seven respondents provided ranking information, and ten misread the question
and provided a rating of each item on a scale from most helpful to least helpful.
The forced rankings provided by the seven respondents gives us insight into
which programs would be preferred over others. The rating also serves a
purpose, as it shows in absolute terms the usefulness or lack thereof of a
potential service.

The rankings showed that items involving financial help were ranked higher
than others, but all items were viewed to have positive impact, as none of them
had an average rating worse than five.




Rank among
Average ranking | rankings
Service for item (preference)
DOE-sponsored task force of respected experts £.000000000 5
[Matching funds for construction 1.285714286 1
Government-sponsored revolving fund 3.285714286 3 (tie)
Feasibility study funding 3285714286 3 (tie)
|Clear national utility interconnection standards B.714285714 8
Net metering 6.285714286 6
ax credits for cooling, heating, and power investments by private
firms 6.428571429 7
Tradeable tax credits for public institutions 3.142857143 2

Service Average rating for item
[DOE-sponsored task force of respected experts 4400000000
[Matching funds for construction 2.400000000
ment-sponsared revolving fund 4.000000000
[Feasibility study funding 3.000000000
Clear national utility interconnection standards 3.500000000
|Net metering 4.333333333
Emc credits for cooling, heating, and power investments by private
ms 4.88BBBBBBA
Tradeable tax credits for public institutions 4 TTPTIT778

Availability of Government-funded Sources of Capital

Respondents were asked if government-funded sources of capital were available

whether they would seek out those sources.
the affirmative.

14 out of 16 respondents replied in

| If government-funded sources of capital were available for capital
Improvements to district energy systems, would you seek out those sources?

0 2 4 6 B 10 12
Number of Respondents

14 16




IV. KEY FINDINGS

The college and university segment represents a large market for combined heat
and power. The complex and sensitive nature of the research conducted on
campuses necessitates a reliable energy source. The round-the-clock nature of
energy demand and the already-installed district energy systems on campuses
make CHP systems an effective choice. There is already a large amount of CHP
capacity installed on campus, and there remains opportunity for expansion. As
universities grow in size and increase the amount of research conducted on
campus, there will be opportunity for further CHP adoption.

OPPORTUNITY FOR INCREASED CHP ADOPTION

As noted above, the round-the-clock energy demand and already-in-place
district energy infrastructure make the college and university segment an ideal
customer for CHP. The additional investment required to implement CHP is
much less, given that a majority of the infrastructure required is already in place,
making CHP implementation financially and technically feasible.

Yet, only 45% of campuses co-generate power today. At those schools with co-
generation capability, only about 49% of the campus electrical needs are met.

In contrast, the vast majority of schools with district energy systems have
thermal capacity, with 84% of campus needs met. Since CHP utilizes the same
thermodynamic process to generate both power and thermal energy, there is
opportunity to bring the amount of electricity generated up to parity. Of course,
different campuses have differing levels of thermal and electrical load, and the
heat output representing a percentage of steam demand is not the same as the
power output representing the same percentage of electrical demand.
Nevertheless, there is room to expand power co-generation on campus using the
existing thermal load.

When institutions retrofit, renovate, expand, or rebuild their heating plants, they
can implement co-generation as part of the project. It should be noted it is easier
to add co-generation to an existing thermal distribution network than to add
thermal capability to a pure electrical plant.

THE PRIMARY HURDLES TO IMPLEMENTATION ARE FINANCIAL
Capital constraints, economic concerns, environmental regulations, and
infrastructure issues (space constraints) presented the biggest challenges to
expansion plans. Capital constraints in particular were rated the biggest
challenge. Understanding and choosing technologies and making engineering
decisions did not rank as major concerns. Addressing the capital constraints
issue may spur adoption of CHP.



THERE IS A BROAD RANGE OF ENVIRONMENTALLY FRIENDLY
TECHNOLOGY OPTIONS THAT CAN BE APPLIED TO DISTRICT ENERGY
AND CHP IMPLEMENTATION TODAY

Energy systems implementation is complicated by the diverse nature of energy
source availability and cost, local environmental regulations, and relations with
neighborhood groups. These factors may make an energy solution that is
acceptable in one region difficult to implement in another.

New technologies and approaches, however, have been pioneered at different
institutions; these innovative approaches can be applied at other sites around the
country. Examples include lake source cooling, landfill gas-fired co-generation,
and natural gas co-firing at a coal-fired plant. Sharing information on these
success stories can reduce the learning curve for others and increase the
successful implementation rate of proposed CHP and district energy projects.
Examples of some of these projects can be found in the case studies presented in
Section V.

OUTREACH TO STAKEHOLDERS IS KEY TO SUCCESS

Successful projects were accomplished by satisfying all those who had a stake in
the project. Stakeholders will differ from project to project, but almost always
include parties outside the institutional or facilities engineering community. The
projects at UNC-Chapel Hill and Cornell were successful because they
incorporated and accepted active participation by members of the communities
in which the projects were built. In the case of MIT, the local utility complained
that it wasn't adequately involved in the planning process. While involving
additional parties in the process increases complexity and may appear to slow
down the permitting process, it actually builds relationships and is critical to
building support for the project.

ADDING CAPACITY IS NOT THE ONLY WAY TO INCREASE OUTPUT
As the need for energy grows, the obvious solution is to construct more and
larger plant facilities. Adding capacity is not the only way to meet the growing
needs of the college and university segment. Examining the existing
infrastructure and adjusting operating practices can yield benefits in efficiency
that may help avoid or defer investments in capacity expansion. Installing
updated controls, revising maintenance practices such as water treatment, or
implementing thermal storage to shift demand are just some examples of what
can be done to make better use of resources already on campus.

COMMERCIALIZATION OF NEW TECHNOLOGY IS NEEDED

There are a number of technological innovations that can be brought to bear on
the district energy /CHP market, but these are still too costly, making them
infeasible for most applications. As long as each application is an expensive,



custom installation, market growth will be stagnant. Standardization and an
increase in volume (and commensurate reduction in cost) will benefit adoption
of these technologies.

THERE IS A NEED FOR STILL OTHER NEW TECHNOLOGIES TO MAKE
ADDITIONAL CHP INVESTMENT ATTRACTIVE

As they expand, schools may not need a whole new full-sized central plant, but
facilities managers also don’t want the increased cost of managing a number of
small in-building systems. There is an opportunity to create smaller-scale,
centralized CHP plant solutions for campus extensions.

MEMBERS OF THE INSTITUTIONAL MARKET MAY BE ABLE TO INVEST
IN PROJECTS WITH LONGER PAYBACK PERIODS

Unlike publicly traded corporations, which are focused on quarterly financial
results, colleges and universities are more able to plan and invest for their
infrastructure needs over the long term. While there are limits to this flexibility,
it does make this segment more willing to invest in large CHP projects that have
longer payback periods. Efforts to increase CHP adoption should be targeted to
receptive segments such as this one.

CHP AND DISTRICT ENERGY CAN BE UTILIZED ACROSS THE NATION
We found examples of CHP implementation across all regions of the country.
The benefits of CHP and district energy transcend state lines and congressional
districts. It is fitting for a federal agency to step up and be the advocate for
increased adoption of these technologies.

ONE SIZE DOES NOT FIT ALL

It is not appropriate to push only one technology or design approach to all
district energy projects. There are many local issues that require flexibility and a
willingness to improvise (indigenous fuel supply, resources, costs, policies,
neighbors, regulations). These issues call for a range of available tools,
techniques, and approaches to designing and implementing district energy
systems.



V. CASE STUDIES - “LESSONS LEARNED”

This section contains case studies that were prepared as part of the project. The
intent of the cases is to demonstrate a variety of technical applications or
operational approaches to central energy systems on the nation’s campuses. It is
our intention that that the stories presented here will provide helpful insights to
others looking to expand their district energy systems or integrate innovative
technologies like combined heat and power.

Cornell University

The Cornell case shows us how a natural resource can be used to provide a
renewable, environmentally friendly means to cool the campus. It also shows us
how the university involved the community in an open, forthright process to
secure approval for the project.

Massachusetts Institute of Technology

The MIT case discusses the concerns around regulatory issues, utility interface
interconnections, and exit fees, highlighting some of the pitfalls of markets that
are still in the process of deregulation.

Princeton University

The Princeton case focuses on implementation challenges faced when it built a
gas-fired, combined-cycle plant. Topics include project planning, vendor
relations, commissioning, and contractual provisions that protect the university.

Rutgers University (pending)
This case is still under development and will be available shortly.

Slippery Rock University

Slippery Rock needed to make modifications to its coal-fired central heating
plant to achieve emissions compliance. Traditional solutions such as scrubbers
or baghouses can be costly or impractical depending on the site, The university
used natural gas co-firing of its existing boilers to meet emissions requirements.

Stanford University

Stanford built the largest ice storage facility west of Chicago to meet the cooling
needs of the campus. The university is able to reduce costs because it uses a
weekly run cycle and never operates an electric chiller during peak demand
hours.

University of California, Los Angeles
The case showcases an application of fuel flexibility. UCLA uses recovered
landfill gas to co-fire its cogeneration plant. The university also used an



innovative approach to financing to make the project financially attractive. It has
achieved laudable emissions reductions.

University of North Carolina at Chapel Hill
The UNC case discusses ways to implement clean coal firing in a neighborhood
setting, focusing on technology, siting, permitting, and neighborhood relations.

University of Pennsylvania

This case shows how a multi-pronged approach to energy projects, including
efficiency improvements, can yield high impact cost savings and environmental
benefits.

University of Texas at Austin

UT-Austin has developed a very reliable central utilities system. The case
examines how this was accomplished and what is being done to ensure the
system remains as reliable in the future.
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Creating a Sustainable Future: Cornell University Works
with Community to Implement Lake Source Coollng

Keywords: Lake source cooling, Community

input, Environmental review process, District
energy

Introduction

The Department of Utilities and Energy

Management at Comell University operates the
university's thermal energy system. This system
includes both the production and distribution of
steam — with electric cogeneration — and chilled
water, The department also owns and operates an
electric substation and distribution system, potable
water production and distribution, sewerage
systems, and & campus-wide energy management
and building operations system. These systems
serve over 300 buildings, covering over 13 million
square feet.

One of the things that make Comell's energy
services operation stand out is its enterprise-based
business model. The operations are run similar to
those of a private, for-profit utility, with the
exception that no profit is made. Among the
similarities:

* All loads are metered

* Billing is meter-based

*+ All costs are tracked separately

* Capital investment, including debt service, is
recovered in the rate

* Rates are set by dividing cash flow needs by
projected sales units

» New projects must meet or exceed defined hurdle
rates

This approach helps the department maintain its
competitiveness with external or distributed energy
options,

Central Heating Plant and Cogeneration

The central heating plant at Comnell provides
steam and power for approximately 250 buildings.
The steam is distributed across campus via 25.8
miles of underground supply and return piping, and
is produced by six boilers, fueled by coal, gas, and
oil. 8 MW of electric power are generated by two
steam turbines driven by the boilers. Following are

some CHP system metrics:

Boilers: four operating at 400 psig, two operating at
200 psig

Steam capacity: 600,000 Ibs/hr total for six boilers
Peak steam load (winter): 360,000 lbs/hr

Average steam load: 127,000 Ibs/hr

Generators: two  back-pressure steam  turbine
generators, exhausting steam at 60 psig

Annual electric production: 30 million kWh

Recent Initiatives

The university is always working to enhance its
system efficiency and reliability. To that end,
Cornell has implemented numerous special projects
in recent years. Among them are:

» Lake source cooling

= Chilled water thermal storage

* Cooling tower and creek based “free cooling”
projects

* Boiler replacements/rebuilds

* Distribution system replacement

» Cogeneration

* Electric power improvements

= [Installation of baghouses on coal boilers

= Predictive emissions monitoring

* Upgrading of controls/unmanned operation

* Infrared surveying

Digital utility mapping



Lake Source Cooling Project Background

Four major factors influenced Cornell’s decision
to undertake the Lake Source Cooling mitiative: the
phaseout of CFC's, aging equipment, growing
cooling loads, and rising energy costs. Six of the
university’s eight chillers could not be converted to
non-CFC operation, and therefore would need to be
replaced outright. Given the large capital outlay
required to replace and expand cooling capacity, the
university decided to investigate nontraditional
altematives to create a sustainable, long term
solution to the campus” cooling needs.

Comell chose lake source cooling (LSC) because
it was a technologically simple cooling method,
utilizing a natural, non-polluting, and renewable
resource. The project uses the cold, deep water of
nearby Cayuga Lake to cool a closed loop extension
of the present campus chilled water network
without the need for mechanical refrigeration (all
the heat added to the lake is released each winter).

LSC System Description

Loop-to-loop: open lake water loop connected to
closed campus loop via heat exchanger (see figs).

Capacity: 16,000 tons of cooling

Lake source water temp: 39-41° F

Lake return water temp: 48-56° F

Campus loop supply water temp: 45° F

Campus loop return water temp: 60° F

Lake source intake pipe: 10,400 ft long, 250 ft deep

Campus loop pipe: 12,000 ft each for supply and
returm

Campus Distribution Pumps: Five between-the-
bearings, radially split, double suction, dual volute
pumps, designed and built to APl Standard 610; 600
HP each; design point of 6,600 gpm @ 280 fit of
head; pump speed 1800 rpm: output controlled by
variable frequency drives

Heat exchangers: Seven, arranged in parallel, with
total effective surface area of 102,000 fi%; design
duty of 3000 tons @ 4600gpm and AT of 16" F per
unit, accomplished with LMTD 2.6 ° F and pressure
drop of 16 psi

Lake Water Pumps: Three self-lubricated, enclosed
impeller, open lineshaft, vertical turbines; 350 HP
each; design point of 13,000 gpm @ 80 ft of head;
pump speed 1200 rpm; output controlled by variable
frequency drives

Getting Community Approval to | Move
Forward with the Project

Comell conducted an analysis of LSC’s fegsibility
from 1994 10 1998. The university’s bgard of
trustees authorized about $4 million to| cover
research, land acquisition, and permitting cpsts for
the preliminary stages of the project.

The university was granted easements by the
Ithaca City School District and the City of |Ithaca,
negotiated easements with five private property
owners, and purchased eighteen acres for the heat
exchange facility.

The university involved the community] much
more than it normally does when undertaking
building projects. Cayuga Lake is a valupd and
protected resource for people living in the |Finger
Lakes region, and Ithaca residents are very agtive in
local politics. Any project that could imppet the
lake would receive intense scrutiny.

Comell deployed a comprehensive |public
outreach program which included the following
components:
« Nine newsletters mailed through calendar 998 10

over 1000 especially interested or involved

individuals, including public officials, residents
who live along the pipeline route, and leafers of
environmental, recreational and other groups
* Thousands of leaflets distributed to pnswer
questions and encourage public intereft and
involvement
Briefings for news media and community |eaders
at every major decision point or evenf, with
resulting media coverage and discussion in| public
forums
Public meetings held in and for the commupity
* Door-to-door survey in 1994 of residents on or
near the proposed route of the pipeline
+ Random phone survey of 400 residents in 1996,
to gauge public opinion on and awareness| of the
project
Educational exhibits and demonstrations |at the
Sciencenter and the Ithaca Festival
« Over fifty talks before local and ré¢gional
agencies, communily service organizations,
environmental and recreational groups, and at
professional conferences

Furthermore, Comell always maintained [that if
there was any indication that the project fwould
harm the lake, it would be abandoned. Desglite the
proactive nature of these outreach programs, 2




citizens group formed to oppose the project. There
were concerns ranging from effects on lake water
temperature to potential increases in nutrient levels
to effects on marine life.

Most of the concerns were unfounded or mitigated
by elements of the project design, but the burden
was still upon the university to prove that the
project would have no substantial negative effects
on the lake.

The unmiversity overcame this hurdle by
conducting an open and forthright environmental
review process, which involved applying for 17
local, state, and federal agency approvals. The
public was made aware of hearings and meetings.
Three years were spent monitoring and mapping out
the lake’s ecology, making Cayuga Lake one of the
most studied bodies of water in the world. Over $3
million was spent on internal reviews and
consultant’s studies. The research concluded with a
1,500-page environmental impact statement.

From the earliest start of the environmental study,
an independent scientific oversight committee was
convened from the Comell Center for the
Environment. This committee was composed of
faculty trained and respected for their knowledge in
the four lake impact areas of study. This committee
is still in place to provide further review and
oversight of the data monitoring program with the
project in operation.

Construction began in 1998 and operation started
summer 2000,

Project Impact
After $58 million of investment, the project has

begun to yield many benefits. Among them:

* Lake source cooling uses only 13% of the
electricity required by the old campus cooling
system, reducing demand by over 20 million
kWh/yr

* The burning of over 19 million pounds of coal
annually has been eliminated, along with the
associated impacts of mining, transportation, and
ash removal

* CO, emissions are reduced by over 56 million

pounds per year
* Sulfur oxides are reduced by 645,000 lbs/yr

* NO, is reduced by 55,000 lbs/yr

* 40,000 pounds of CFC refrigerants were
eliminated from the system

* Reliance on HFC's is reduced. HFC's are known
greenhouse gases and potentially have unknown
environmental impacts

Excavation for pipeline resulted in numerous
improvements to public roadways, utilities, and
sidewalks resulting in $1.3 to 1.5 million in
infrastructure updates at no expense to the City of
Ithaca

* The Ithaca City School District saved $100,000
on a chiller it otherwise would have needed, and
$750,000 in cooling costs over the next 20 years

Comnell was able to implement an environmentally
friendly and efficient cooling system because of its
willingness to make a large investment up front and
because of the openness with which it embraced
community involvement,

With detailed, quality environmental information
it was able to convince community members that
there would be no detrimental effects on the lake,
thereby preserving a vital community resource
while meeting the growing needs of the Cornell
campus. The Comell University district energy
system won the International District Energy
Association System of the Year award in 2001, and
continues be an example of leadership in energy
efficiency and reliability.

Project Contact Person

For more information about the Comnell University
Lake Source Cooling project, see the project
website at www utilities.cornell edu/lsc or contact:

Timothy Peer. P.E.

LSC Project Engineer
Comnell University
Ithaca, NY 14853
Phone (607) 255-9968
Email tspl@cornell.edu

This case study was prepared by the Intemational District Energy Association on behalf of Oak Ridge
National Laboratories. You can reach IDEA at idea@districtenergy.org or http:/www.districtenergy.org



UL WUNell Lirveraaly

In the depths of Cayuga Lake, the water temperature remains a constant 39 - 41°F. A 63-inch diameter by
10,400 foot long intake pipeline made of High Density Polyethylene (HDPE) carries water from a depth of
250 feet to a heat exchange facility at the lake's shore. Here, the cold water is pumped through a bank of
stainless steel heat exchangers where heat is absorbed from a second, separate flow of water coming from the
campus (the two flows never mix). This second flow of water, cooled to 42 — 45 °F is pumped back to campus
(3 miles away) via 12,000 trench feet of 42" welded steel supply and return pipes. The chilled water is used to
cool laboratories and other building spaces. The lake water is warmed to 48-56°F and returned to the lake
about 500 feet from shore through a specially designed diffuser.
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Figure 1



Perspective view of LSC transmission piping

Source: Comell University

Figure 2
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MIT Settles Regulatory Battle over Customer Transition

Charges

Keywords: Cogeneration, customer transition
charge, deregulation, stranded cost, PURPA

Project Background

The Massachusetts Institute of Technology (MIT)
i5 a world-renowned center for leading research and
learning. Much of that research is dependent upon
a stable, reliable power supply. Electricity for the
campus was supplied by  the local utility,
Cambridge Electric Light Company (CELCo), and
suffered from occasional outages. In 1985, in
response to rate hikes from CELCo, MIT
investigated the possibility of on-campus power
generation. Through cogeneration, MIT could save
millions of dollars over the life of the project, as
well as improve the reliability of its electrical power
supply. It could also reduce its impact on the
environment by utilizing the latest in emission
reduction technology,

A $40 million state-of-the-art cogeneration plant
was designed and built in the early 1990's and
became operational in 1995. The plant design
employed a number of technological innovations —
some developed specifically for this project — to
achieve remarkably low emission levels. The new
plant was expected to cut utility costs by about 14%
over a twenty-five year period and cut emissions by
45%, the equivalent of 13,000 automobile round
trips into Cambridge per day.

Normally, this kind of success story would be
hailed far and wide as an example of technological
innovation benefiting the environment, all while
meeting customer needs. CELCo, however, saw a
threat in MIT's new facility. The new plant was to
provide for three quarters of MIT’s electrical needs
—a load which until then was supplied by CELCo.
The utility claimed it had made investments to
ensure adequate future supply for the MIT campus;
those investments would now be stranded (this was
prior to electricity deregulation in Massachusetts).
CELCo assessed MIT a $6,000,000 customer
transition charge to recover the expense.

System Description
Cogeneration: combustion turbine generates
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electricity; turbine exhaust drives heat recovery
steam generator (HRSG) to generate steam for
heating and cooling (see Fig. 1),

Electric generation capacity: 22 MW

Steam generation capacity: 165,000 Ibs/hr

Steam pipe length: 25 miles

Combustion  turbine: 22 MW(e) dual-fuel
combustion turbine with low emissions burmer
developed by MIT Combustion Research Facility
and ABB; primary fuel is natural gas, secondary
fuel is oil

Heat recovery steam generator: driven by 1000° F
combustion turbine exhaust plus supplementary
dual-fuel firing

Dispute Over the Rate for Supplemental
Power

Regulations required utilities such as CELCo to
enter into long-term contracts to ensure adequate
future supply for its customers. These contracts
required initial investments totaling into the millions
of dollars for some large customers. MIT was
CELCo’s second largest customer after Harvard
University, but the new cogeneration plant would
change the amount and nature of MIT's power
demand. In 1994, MIT and CELCo wen! before the
state Department of Public Utilities (DPU) to
determine the rates CELCo would charge the
university  for  standby, maintenance, and
supplemental power.

In early 1995, each party returned with a proposed



rate structure. CELCo's proposed rates included a
customer transition charge (CTC). MIT objected to
the charge, and arguments were heard from both
sides, as well as from the state Attoney General
and other local electric utilities,

MIT’s argument revolved around the following
Six points:

* The DPU didn't have statutory authority to
approve the CTC, which was an exit fee, not a
rate, per se

* The imposition of a CTC on a “qualifying
facility™ was in conflict with PURPA
requirements  that  utilities provide non-
discriminatory,  cost-based  standby  and
maintenance power to such facilities

* CELCo failed to identify any investment or costs
incurred to serve MIT, or any other large
customer

* The DPU’s regulations do not authorize charging
stranded costs to a qualifying facility

* The CTC constitutes an improper tying
arrangement in violation of antitrust laws

* Since MIT gave notice of its plans before the
effective date of the CTC, the application of the
CTC was retroactive ratemaking

MIT also provided specific arguments disputing
the way the CTC was calculated. The DPU claimed
it did have authority to act, and found, that on most
counts, CELCo's analysis was fair and accurate; it
allowed the CTC to remain in effect. When
recalculated under the DPU ruling, the CTC came
to be about 25% smaller, at a sum of $4.5 million.

Appealing the Decision

MIT began paying the charge, with the
understanding it would be refunded if a verdict was
found in its favor. It brought the matter before
FERC, on the basis that the CTC violated PURPA.
In early 1996, FERC ruled that the CTC did not
violate PURPA, and that the charge could stand. It
did not make a decision, however, on the
calculation of the CTC amount, leaving that
decision to the state and the DPU,

The university's next move was to file an appeal in
Massachusetts’ Supreme Judicial Court (SJC). In
September of 1997, the SIC ruled favorably for
MIT.

The court declared that the fact-finding in the
DPU case was not sufficient to counter MIT's
claims that the DPU acted in an arbitrary fashion, It
also stated that the DPU had not followed its own
established precedents, and that the rate calculations

were not done comrectly.

The SIC also noted that MIT had made it fairly
clear since 1985 that it was evaluating on-site
generation, and it could not determine whether the
stranded costs in question were prudently incurred.
The court also felt that the DPU had not adequately
addressed MIT's concerns over this matter, instead
taking CELCo’s arguments at face value.

The court referred the matter back to the DPU for
reevaluation, but there was no resolution during the
second round of discussions at the DPU.

During this time, the energy landscape in
Massachusetts changed:

* Several New England nuclear power plants went
offline for regulatory reasons, reducing the
available capacity in the region

* By March of 1998, the state’s Electric Utility
Restructuring Act took effect, governing the
deregulation of the industry and defining how
stranded costs and self-generation exit fees were
to be handled

* In 1999, CELCo and its parent company,
Commonwealth Energy, merged with Boston
Edison, creating a new entity called NSTAR

The Restructuring Act created a stranded cost
recovery pool. As a result, the only amount under
contention between NSTAR and MIT was the CTC
paid until March 1998.

NSTAR and MIT resolved their differences
through direct negotiations; the result was a refund
of $1.7 million, representing half of the CTC, plus
resolution of some other minor issues.

Conclusion

Cogeneration is an energy generation approach
that is encouraged by the federal government
because of its ability to increase efficiency at the
nation’s power facilities.

But the MIT case shows that projects cannot be
launched with only the technical benefits in mind.
It is also important to take into account the actions
and reactions of external entities as well as
understand the regulatory implications of any
decisions made. With deregulation occurring at
different paces in different states, the electricity
market across the US is undergoing numerous
changes, presenting potential pitfalls for institutions
that don't understand the nature of those changes.

The MIT case, however, also shows us that,
despite these pitfalls, there is still considerable



value in implementing energy efficient systems, and
a clear and well-thought out project can yield many
benefits.

Project Contact Person

For more information about the MIT Cogeneration
project, please contact:

Roger Moore

Massachusetts Institute of Technology
Phone (617) 253-2347

Fax (617) 253-3737

Email rmooref@mit.edu

This case study was prepared by the International District Energy Association on behalf of Oak Ridge
National Laboratories. You can reach IDEA at idea@districtenergy.org or http://www.districtenergy.org



The MIT Cogeneration Plant uses a gas-fired combustion turbine to drive a 22 MW generator. Exhaust gases
leave the turbine at 1000 ° F, and are directed to the heat recovery boiler to create steam for use on campus,

bmlwt Al

Combustor

Compresssr

Heat Recove
Bollar

\

=

f

FART
Turbine

Fead Pump

MIT
Campus

Source: MIT, Alstom Power

Figure 1




. OAK RIDGE NATIONAL LABORATORY.

Princeton University Uses Combined Cycle Gas Turbines
to Renew Central Plant, Expand Capacity, and Reduce

Energy Costs

Keywords:
District energy

Cogeneration, Combined cycle,

Project Background

Princeton University is one of the nation's oldest
and most prestigious academic institutions. The
campus is continually changing and growing. In the
mid-1980"s there were plans to build a new
materials  science institute, electronics and
mechanical engineering building, swimming pool
and biology building. These and other construction
projects represented a potential 5-10% growth in
campus building space over the next fifteen years.

Princeton realized that it would soon have to
increase its steam capacity. Princeton’s electrical
demand had already increased on average by half a
megawatt per year during the 1980's, Making the
right energy choices could have significant
beneficial impact on the university.

System Description

The new cogeneration plant consists of a GE
LMI1600 gas turbine generator coupled with a heat
recovery steam generator and duct bumer. It has
two auxiliary boilers to provide peak steam
requirements and backup capacity.

The generator operates in parallel with the local
electric utility. Gas is supplied by the same utility
company and is compressed to burner pressure with
a reciprocating natural gas compressor.

Emissions are controlled on the turbine with water
injection and a carbon monoxide burning catalyst.
This new plant was sited next to the existing chilled
water plant.

Capacities:
Electric capacity: 14.6 MW
HRSG Steam generation capacity: 182,000 Ibsthr

Auxiliary steam generation capacity: 240,000 Ibs/hr
from natural gas and oil-fired boilers

Cooling capacity: 15,700 tons of cooling (10,100
tons from steam absorption chillers, 5,600 tons from
electric chillers)

Choosing an Energy Source for the Future

In the mid-1980's Princeton’s  Facilities
Department began to evaluate options to replace its
aging central plant. The old plant had many
deferred maintenance items, required replacement
of oil storage tanks, and could not provide the
needed capacity to satisfy campus steam demand.

In 1985, the university considered building a coal-
fired circulating fluidized bed boiler, but later
scrapped the idea in favor of building a gas-fired
cogeneration plant. Environmental requirements in
the State of New Jersey would not favor a coal
burning plant and local approvals would have been
impossible to overcome.

In 1987 non-destructive analysis of the old boilers
showed an expected end of life around 1998-2001.
This presented an opportunity to completely re-
evaluate infrastructure choices and build a new
plant from the ground up. Cogeneration was
studied because the local electric utility had some of
the highest rates in the country. The university was
paying a demand charge of roughly $10/kW/month
to PSE&G for electrical power plus $0.065/kWh for
on peak electrical consumption. A new
Cogeneration Plant provided Princeton with a
means to reduce this energy cost, replace old
boilers, and add capacity and other equipment.

A presentation was made to the Building and
Grounds Committee of the university’s Board of
Trustees in December 1991, Preliminary approval



to move forward was granted in early 1992, and
bids for the gas turbine package were received that
spring. The contract was awarded to European Gas
Turbines of Houston, TX.

The design and construction processes went
relatively smoothly, with the only challenges being
ones that were bevond the project’s immediate
control.

Getting the Necessary Permits to Move
Forward

Generally, the faster way to construct a plant is to
seek permits during the construction period,
essentially running the permitting and construction
processes in parallel. The university administration,
however, was more cautious in devoting funds to
the project and insisted that permits be secured
before any equipment could be purchased.

This eventually became a bottleneck for the
project, as the New Jersey Department of
Environmental Protection (DEP) took a longer time
than anticipated to approve the permit, and it wasn't
clear to the university what the allowable emissions
levels would be. A proposed design based on the
European Gas Turbine engine was submitted, and
the design was approved by the DEP in December
1993.  After the DEP approval process was
completed, the university briefed the Princeton
regional planning board on the project. After the
planning board’s approval was secured, the
university gave the go ahead for the purchase and
installation of equipment. Five months that could
have been used for construction were lost, but
construction finally began in 1994 and was
completed in 1996,

Working with Vendors in a Consolidating
Market

Permitting issues weren’t the only concems on the
project. A larger concern was working through
merger-related issues with the turbine vendor.
During the project, European Gas Turbines (EGT)
sold its North American operations to Stewart &
Stevenson.  The deal stipulated that all of
European’s work in the US would be transitioned to
Stewart & Stevenson. The Princeton engine
package was the last unit to be built by EGT in
North America, which primarily affected the
commissioning process. Essentially, Stewart and
Stevenson was responsible for starting up a unit
designed and built by another vendor. This caused

some confusion in the startup process and created
some finger pointing between the two companies.

Furthermore, after the dust began to settle on the
first merger, Stewart & Stevenson was in tum
purchased by GE. creating another round of
transitions. This happened after the engine was
commissioned but if affected the maintenance
agreement. Another team had to learn the specifics
of the EGT package before they could be efficient
at maintaining it.

Project Impact

= Reduced annual NOx output by 113 tons'

* Increased annual CO output by 98.7 tons'

* Reduced annual SO, output by 37.1 tons'

= Reduced particulates by 7.2 tons'

* Reduced annual CO, output by 17 tons®or 13.1%
» Decreased annual energy costs by $3 million

* Increased electrical reliability (grid plus
cogeneration plant) rating to 99.999%

Notes

! When compared to old plant. Does not take into
account emissions created by utility company
when generating power for the University,

2 When cogeneration is compared to equivalent
utility generator and heating boiler combination.
This change means that Princeton will meet the
Kyoto Protocol.

Lessons Learned

Vendors — The university researched all the
companies that bid on work to ensure their
capability to supply quality equipment on schedule.
What it did not anticipate, was that its turbine
packager would sell out its North American
manufacturing and that its auxiliary boiler
manufacturer would get bought out during the
course of the project. Princeton was protected with
a good engine package purchase contract, which
seamlessly transitioned into a full maintenance
contract — both with liquidated damage clauses.

Politics — In 1987, the new plant concept was
presented and approved up to the Vice Presidential
level when the current president announced his
retirement. The project was put on hold until a new
president was recruited and then had time to deal
with this issue, which caused a project
postponement of several years,



Project Contact Person

For more information about the Princeton
University cogeneration project, please contact:

Tom Nyquist

Director of Engineering
Princeton University

Phone (609) 258-5472

Fax (609) 258-1508

Email tnyquist@princeton.edu

'I'I'.Lig case study was prepared by the International District Energy Association on behalf of Oak Ridge
National Laboratories. You can reach IDEA at idea@districtenergy.org or http:/fwww districtenergy.org
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Slippery Rock University Uses Natural Gas Co-firing to
Achieve Compliance with Environmental Regulations

Keywords: Co-firing, Coal/natural gas, Emissions,
Pollution, District energy

Project Background

Slippery Rock University is a small, state-run
liberal arts college about fifty miles north of
Pittsburgh. The university has a central plant which
provides district steam for over 2 million square feet
of campus space.

In 1971, in response to EPA Act Title 5, the State
of Pennsylvania enacted a code setting forth
standards regulating atmospheric emissions from
power plants, central boiler plants, incinerators, and
other fossil fuel combustion facilities. These
standards set acceptable levels for emissions of
sulfur oxides, nitrogen oxides, fly-ash particulate
{opacity), and other substances determined to be
harmful to the environment.

In November 1990, the Pennsylvania Department
of Environmental Protection (PADEP) found
Slippery Rock in violation of these standards.
During a plant inspection performed by PADEP that
month, visible emission readings from the central
boiler plant’s stack were in excess of 60 percent for
a total duration of 20 minutes. Under the law, a
single reading of 60 percent opacity or greater
requires correction.

In March of 1991, PADEP performed stack
emissions tests at the plant, and found that Boilers |
& 2 were producing emissions in excess of the
allowable 0.4 pounds per million BTU's of heat
input.

System Description

Coal-fired boilers: Two Babcock & Wilcox boilers
fitted with underfeed ram, retort-grate stokers,
20,000 Ibs/hr each; two Keeler boilers with
traveling-grate stokers, capacity of 14,000 and
23,000 Ibs/hr each,

Fuel input: B&W boilers use nut-sized coal; Keeler
boilers use pea-size coal

Steam generation capacity: 77,000 |bs/hr

Average campus steam demand: 55,000 |bs/hr

Designing the Initial Solution

The state provided $4 million to design and
construct improvements to the central boiler plant in
order to bring the facility into compliance with

emissions standards. The Request for Project
Action describing the initiative called for adding

pollution  control  equipment,  specifically
mechanical multiclone dust collectors, to achieve
compliance,

The state advertised the project, and eventually
appointed Gannett Fleming, Inc. (GF), a Harrisburg,
Pennsylvania engineering firm, as designer for the
plant. GF conducted its analysis and was
concerned that the use of multiclone dust collectors
could conceivably fall short in meeting emissions
requirements under all conditions of operation. In
fact, the situation could be aggravated if the fuel
supply was switched to coal with a higher
percentage of fixed carbon and ash. After much
analysis GF determined that the project would
require baghouse collectors to meet PADEP’s
requirements.,

Boilers | and 2 would continue to run on coal
with baghouse collectors attached, and Boilers 3
and 4 would be converted to natural gas.

The project proceeded through the fund allocation
process and the project was activated in August of
1997 and ready for construction bidding in early
1998,



Shifting Directions

During the design phase and subsequent delay, the
(ias Research Institute (GRI) and the local gas
utility, Consolidated Natural Gas (CNG), met with
the university and introduced the concept of co-
firing systems as a means to meet air quality
requirements,

Co-firing was presented as a viable solution
because it reduces particulate emissions in two
ways. First, co-firing a clean-buming fuel provides
an oxidizing environment above the coal surface,
providing a more complete bumnout of coal products
from combustion. Second, firing the clean fuel
from opposite directions creates vortices that cause
additional agitation and mixing of furnace gases.
This increases the residence time of combustion
products in the fumnace, further improving the
opportunity for complete fuel burnout.

The project, however, had already been put out to
bid, and design of the system had already been
completed. Despite this, GRI and CNG persevered,
and eventually were successful in convincing the
appropriate agencies that co-firing should be
applied to this project. Ultimately, a directive was
issued to GF to commence a redesign of the project
using co-firing technology.

The goal was to test Boiler | as a single unit and
determine if emission requirements could be met
while firng no more than 20% natural gas and 80%
coal. If it were determined that greater percentages
of natural gas were required to meet emissions
goals, then the decision would be made to revert to
the design using baghouse collectors.

Due to the revised scope of work, and since only
Boilers | & 2 were to remain on coal, the project
was split into two phases — one for the updates to
Boilers 1 & 2, and another for the conversion of
Boilers 3 & 4 to natural gas.

Implementing a Solution

Modeling of the proposed solution was conducted
to determine what level of natural gas firing would
provide optimum opacity reduction. Optimum
opacity reduction occurred with 10-20% natural gas
firing. Under that amount, the benefits of co-firing
are not as noticeable, and above those levels, the
increase in furnace turbulence results in additional
ash being carried to the stack.

The modeling also analyzed the effects of
different physical arrangements of the gas bumers

on opacity. The optimal arrangements were
implemented on Boiler 1, but, due to structural
interference from a large steel building column, it
was not possible to position the over-fire burners in
the optimal location on Boiler 2.

The co-firing design was implemented, and
testing occurred in October 2000. The average of
tests performed on Boiler | yielded an acceptable
emissions rate, and tests on Boiler 2 vielded a rate
slightly in excess of the acceptable emissions limit.
The results were submitted to PADEP in November
of that year, and ultimately the agency granted
conditional approval requiring both boilers be co-
fired with a minimum of 5865 cfh of natural gas
(20% full load) as contrasted to 16-19% natural gas
as fired during the actual test runs. It is felt that
these limits will be reduced when the boilers are
retested at the conclusion of Phase I1.

Key Learning

The results of the co-firing demonstration show
that this approach can provide an effective means of
reducing particulate emissions and plume opacity
from stoker coal-fired boilers. The capital and
operating costs of the technology are competitive
with competing alternatives such as baghouses.

Co-firing can be implemented with the use of
numerous clean fuels. In addition to natural gas,
these include low- and medium-Btu gas from coal
gasification, landfill gas, and perhaps even low-
viscosity No. 2 fuel oil.

Project Contact Person

For more information about the Slippery Rock
University Co-firing project, please contact:

James T. Albert, PE

Senior Project Manager

Gannett Fleming, Inc,

Phone (717) 763-7211

Fax (717) 763-9357

Email jalbert@gfnet.com

This case study was prepared by the International District Energy Association on behalf of Oak Ridge
National Laboratories. You can reach IDEA at idea@districtenergy.org or http://www districtenergy.org
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Stanford University Stays Cool by Building Large Scale

Central Ice Plant

Keywords: Ice storage, chilled water distribution,
district energy

Project Background

Like many universities, Stanford University has
had a central chilled water system in place for many
years. By the early 1990, the system in place,
which had been expanded and modified numerous
times over the previous thirty vears, was no longer
adequate to meet the growing chilled water needs of
the campus.

The primary constraint was the 30,000 ton-hour
stratified chilled water storage tank, which was not
large enough to handle the demand placed upon it
and which required chillers to be operated during
peak hours. A replacement for the chilled water
storage tank had to be found. The university
decided to implement ice-based thermal storage to
expand the plant’s capacity and to eliminate
production during costly peak hours,

System Description

Cogeneration with Ice Thermal Storage: Natural
gas-powered combined cycle power plant owned
and operated by Cardinal Cogen, commissioned
1987. Ice plant built in 1999,

Electric capacity: 499 MW total; 39.2 MW gas
turbine, 10.7 MW steam turbine driven by HRSG
Steam output pressure: 125 psig

Backup boiler plant: four 125 psig, 80,000 Ibsthr,
boilers built in 1957

Ice plant: Internal melt system; three electric rotary
screw chillers using R-T17 ammonia; 25% ethylene
glycol/'water mix for energy transfer to ice coils;
90,000 ton-hours nominal storage capacity, 120,000
ton-hours allowing ice bridging across coils; 4
million gallon tank volume

Cooling capacity: 20,000 tons

Peak cooling load: 16,000 tons

Chilled water supply temp: 38-41° F

Chilled water return temp: 58°F

Limitations of Previous Equipment

Prior to building the ice plant, Stanford cooled
the campus using thermal storage technology.
Water was chilled and stored in a stratified tank,
which was used to feed the chilled water

distribution system. The existing chilled water
storage tank, however, had some limitations. First,
the tank was not large enough to meet all the
demand for the campus and two hospitals. Second,
the tank was not designed for optimal performance.
Its depth-to-width ratio was too small, and during
periods of rapid flow, the tank would become de-
stratified, reducing the efficiency of the system.

Charting a Course for the Future

The economics favored adding storage capability
rather than simply adding chillers to the cooling
network. There were three major drivers behind
this:

First, adding storage was a more reliable and cost
effective way to ensure that cooling capacity was
available around the clock for critical activities at
the two hospitals dependent on the system -
Stanford Hospital and Packard Childrens” Hospital
- as well as on the rest of the campus.

Second, thermal storage allowed load shifting to
off-peak hours, saving considerable amounts of
money that would otherwise be spent buying
electricity during peak hours.

Third, Stanford could minimize the risk of paying
penalties for using more power than it had



contracted for. The campus cogeneration plant was
—and is — a qualifying facility under PURPA,
owned and operated by Cardinal Cogen, a GE
subsidiary, The contract between Stanford and
Cardinal, entered into in the early 1980's,
established maximum demand levels for the
university, with the surplus power sold by Cardinal
to the local utility. If Stanford exceeded its quota, it
would have to reimburse Cardinal with lost capacity
payments, and could possibly face de-rating of its
contract. The university's demand grew faster than
the increases allowed for in the contract, and in the
late 1990s, Stanford exceeded its allowed average
demand during peak hours by about S MW, Adding
thermal storage to take advantage of off-peak power
would reduce that overage by about 2 MW,

With the economics of district cooling and
thermal storage still making sense, the university
looked at different ways to enhance its cooling
capacity.

The ideal solution would have been to construct a
large new stratified chilled water storage tank on a
higher elevation portion of central campus. Such a
location, however, did not exist The central
campus was relatively flat, with a maximum height
differential of forty feet, and it was fairly densely
built up.

The university also looked at satellite plant
locations, but the area around the central campus
was also densely built up, and there were many
competing interests for alternative use of the space,
Furthermore, the costs to lay piping from remote
locations made that option infeasible.

In the end, the existing rectangular tank provided
the best site, and its 24'X150°X 150" dimensions
were ideal for ice storage. The height was well-
suited to stacks of coils, and the shape worked well
for ice. It was decided that the campus would shift
to ice storage and utilize the existing site to meet its
cooling needs.

Designing and Building the Facility

The existing chilled water tank was open to the
atmosphere and was non-treated, leaving the water
open to contamination. The university wanted to
begin treatment of the circulated chilled water as
part of this project.

Due to the characteristics of the different
materials used in construction - the ice coils were
made of galvanized steel, whereas the distribution
pipes were made of ductile iron, steel, and copper -
the ideal treatment for circulated chilled water
differed from the ideal treatment for water around
the ice coils. It would be better to treat the two

areas independently.

For this reason, an internal melt system was
chosen, rather than the external melt approach
typically used in applications this large. Most
internal melt systems have a capacity of 10,000-
20,000 ton-hours, but Stanford's was to weigh in
with a nominal capacity of 90,000 ton-hours.

In the Stanford plant, ammonia refrigerant is used
to make the ice, and an ethylene glycol solution
circulates between the ice and the building load.

Surprisingly, there weren’t any regulatory
complications in getting the plant approved,
Because of the quantity if ammonia used in the
plant, the facility had to comply with the local toxic
gas ordinance. Specifically, the plant had to comply
with an H-7 occupancy and participate in the state’s
accidental release prevention and protection
program. Although the university did not launch an
aggressive PR campaign, it did emphasize to the
public the environmental friendliness of the project.
The result was a relatively painless approval
process,

Planning and Scheduling: Making the Most
of an Efficient Resource

Most institutions with thermal storage still run
their chillers 24 hours a day, but use the storage to
augment their cooling capacity, generating ice or
chilled water that can be “burned” during daytime
peak hours. This is typically done on a cycle that
repeats daily.

When deciding the run cycle for the new ice plant,
Stanford did some thinking and realized that the
combination of its large plant size, the low level of
weekend chilled water demand, and off-peak
weekend electric rates made a weekly-based cycle
more effective.  Ice is built nonstop over the
weekend and at night during the weekdays. By
Monday moming, the maximum ice capacity level
has been reached. The ice is rationed so it burns off
between Monday and Friday, leaving none by
Friday evening, at which point full production
begins again (see Fig 1). This allows Stanford to
completely avoid running its chillers during peak
rate hours, producing annualized demand savings of
$300,000 plus an additional $300,000 per year
saved by using off-peak power rather than peak
power.

Lessons Learned and Advice to Others
Looking at Ice Storage

There were a number of things leamed from
implementing the project.  First, ice storage
implementation is more complex than traditional



chilled water systems, and the service requirements
are more complex, as well. Stanford has contracted
out service for the ice plant.

Second, the decision to use ammonia should be
considered carefully. Stanford originally had a zero
release tolerance policy, but this proved impractical;
the frequency of small ammonia releases demanded
a re-evaluation of that policy. The plate and frame
heat exchangers proved to be the most problematic
piece of equipment, and were the source of many
ammonia leaks.

Furthermore, the contractors all had different
levels of expertise in different areas, making
knowledge transfer and coordination more difficult,
While it is arguably impossible to find a perfectly
complementary set of partners, it is beneficial to
align them as best as possible.

On the operating side, the weekly run cycle works
very well for the university, and since most colleges
have a similar cooling demand curve, other plants
with ample capacity should also look into such a
cycle to entirely eliminate running chillers during
peak hours.

Project Impact
The addition of the ice plant provided the
following benefits to Stanford:

* Reduced peak electric demand by 10 MW
compared to the level that would have been
sustained if a conventional chilled water plant had
been built

* Reduced actual electric demand by 2 MW, even
while adding additional cooling capacity
* Reduced average summer daytime load by 5 MW

* Developed the ability to drop water supply
temperature from 44° F to 38° F during periods of
high demand, thereby increasing distribution
capacity by 40%

Project Contact Person

For more information about Stanford's ice plant,
please contact:

Robert Reid

Stanford University

Phone (415) 723-2572

Fax (415) 723-3191

Email robert reid@stanford.edu

This case study was prepared by the International District Energy Association on behalf of Oak Ridge
National Laboratories. You can reach IDEA at idea@districtenergy.org or hitp://www.districtenergy.org



Ice is created during off-peak hours, and burned during peak hours. The size of the ice storage at Stanford
allows the university to build enough ice on the weekends to last most of the week. The chillers are operated
all weekend, and during off-peak hours during the weekdays. As a result, Stanford does not run its chillers at

all during peak hours.

Ice Storage Accumulated During the Week

120,000 __|
ton-hours [

Monday Tuesday iWednesdayi Thursday Friday ] Saturday Sunday

Figure 1
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UCLA Reduces Operating Costs and Air Pollution with

LFG-fueled Cogeneration

Keywords: Cogeneration, CHP, Landfill gas,
LFG, Brownfield

Project Background

The University of California Los Angeles is
located in the Los Angeles basin, long known for
both its persistent smog and strong environmental
regulations. As the University’s energy needs grew
in recent years, it was challenged with aging
cooling equipment (with rising failure rates) and
decreased funding from the state.

UCLA needed to develop new sources of energy,
but wished to do so in an environmentally friendly
manner. The university had already set aggressive
goals for itself with respect to minimizing its impact
on the environment, and was implementing
numerous demand side management initiatives.
This project was an opportunity to begin achieving
those goals on the supply side.

Four objectives were identified: increasing system
reliability, meeting energy needs efficiently,
improving the environment, and reducing cost. The
solution employed to meet these objectives involved
co-firing the university’s cogeneration plant with a
blend of natural gas and landfill gas.

System Description

Combined heat and power (CHP): Two 14.5 MW
combustion turbine generators fueled by mix of
natural gas (65%) and landfill gas (35%); two heat
recovery steam generators (HRSG) driven by the
combustion turbines; one condensing steam turbine
electric generator

Heating capacity: 234 MMBTU/r

Annual heat production: 730 billion BTUSs

Electric capacity: 43 MW

Annual electric production: 250 GWh

Cooling capacity: 16,600 tons with 5300 tons
reserve

Annual cooling production: 870 billion BTUs
Cooling energy source: Two steam turbine-driven
centrifugal chillers and one electric-driven chiller;
four single stage absorption chillers for additional
chilled water production

Chifled water

distribution: 6.5 miles of
underground pipe to 24 buildings; flow provided by
three 14,000 gpm variable-speed pumps

Chilled water supply temp: 42°F

Designing a Suitable Solution

To achieve its efficiency objective, UCLA needed
a solution that could squeeze every last bit of
energy out of a clean-buming fuel source.
Cogeneration was the way to go, since the plant
could generate both electricity and thermal energy
from the same process, resulting in double the
efficiency of separate processes. Natural gas was
chosen to fuel the plant, which would satisfy 85%
of the campus’ electric needs.

UCLA, however, did not stop there. It asked the
question whether or not any alternative fuels may be
available, and found an answer just five miles off
campus.

The Mountaingate landfill was a 375-acre waste
facility containing 21 million tons of solid waste. It
had been closed and converted to a golf course in
1975, Gas from the landfill was being flared off to
prevent buildup, but was not being used for any
power generation-related purpose. Landfill gas is a
valuable source of energy, with heat content of
approximately 500 BTUs per cubic foot — about half
that found in commercially marketed natural gas.

UCLA worked out an arrangement with GSF
Energy, Inc., operators of the landfill's gas control
and recovery plant, to purchase purified methane



gas, which was then piped 4.5 miles to the campus.
UCLA then compressed the gas to about 500 psi
and blended it with natural gas to fuel combustion at
the campus Energy Services Facility (ESF), The
landfill gas replaces one third of the natural gas that
the plant otherwise would have burned, saving
about $250,000 annually.

LFG use is not the only form of innovation at
UCLA. Conventional cooling towers use up a lot of
water during normal operation, and the university
decided instead to use grey water recovered from
campus buildings in the cooling system. The result
15 a savings in water usage by the system of 70
million gallons per year,

Financing Approach

There are many “good™ projects which don't end
up being implemented because of financing issues.
The causes range from outright lack of economic
feasibility to unwillingness of investors to shoulder
too much risk. From a technical perspective, the
UCLA cogeneration project looked like a good one,
but fiscal issues could have threatened the project’s
survival.

First, the state government was already becoming
conservative in its outlays to the university system.
Funding for the University of California system was
curtailed severely during the early 90's, when
California's defense-based economy started to slow
down. UCLA was not likely to squeeze additional
funding for the project out of the state legislature.

Second, the state's debt rating was a variable
dependent upon many other factors. Using state
revenue bonds to finance the project would
introduce that variability into the cost of the project,
potentially making it unfeasible,

It was decided that the best course of action was
to isolate the project’s funding from external factors
by issuing Certificates of Participation to lenders,
The certificates are essentially loan agreements paid
back with the operating savings realized by the new
system. This approach allowed UCLA to ensure
that the cost of borrowed funds accurately reflected
the financial soundness of the project.

The cogeneration system required an initial
investment of $188 million, which will be paid off
over 22 years. Afier that, it will provide savings of
over $23 million over its anticipated life span.

Partners
UCLA partnered with the following firms to design
and build the cogeneration facility.

Design: Parsons Municipal Services, Inc.
Construction: Kiewit Pacific

LFG supply: GSF Energy, Inc.

Local utility: Los Angeles Dept, of Water &Power

Project Impact
The LFG project has already had a positive
impact on both UCLA and its surroundings,

* Reduction of overall campus emissions by 34%
* Elimination of over 20,000 Ibs of CFCs from 18
building-mounted chillers

* Replacement of 1/3 of natural gas usage with
LFG

* Elimination of need to flare off 4 million ft* of

LFG per day
* Benchmark BACT for NOy in Los Angeles basin

reduced from 9ppm to 6ppm
* Annual 36-ton reduction in smog-forming

pollutants in LA basin
* Water usage reduced by 60% (70 million
gallons/year) by utilizing campus grey water

Beyond its environmental contributions, the plant
has also benefited the community during times of
cnsis.  During the 1994 Northridge earthquake,
thousands of people served by the Los Angeles
Department of Water and Power lost service.
UCLA’s Energy Systems Facility was able to
supply 20,000 homes with power during that time.

UCLA is now adding additional chilled water
thermal storage capacity, which will allow it to
minimize the amount of time the plant must run
during peak electric demand hours.

The university won the International District
Energy Association’s System of the Year award in
1997, and regularly hosts representatives from other
universities that are interested in developing their
own environmentally friendly power generation
solutions.,

Project Contact Person

For more information about the UCLA cogeneration
project, please contact;

David Johnson, Director, Energy Services
The University of California Los Angeles
Phone 310-825-3402

Fax 310-206-4223

Email johnsond@facnet.ucla.edu

Web http://facnet ucla.edu

This case study was prepared by the International District Energy Association on behalf of Oak Ridge
National Laboratories. You can reach IDEA at idea@districtenergy.org or http://www districtenergy.org




Landfill gas is drawn out of the Mountaingate facility, cleansed of impurities, and then piped 4.5 miles to the
UCLA campus, where is it blended with natural gas. The resulting mixture is used to co-fire the UCLA
Energy Services Facility,

Source: NST/Engineers, Inc

Figure 1
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UNC Turns to Coal-fired Cogeneration to Meet Growing

Campus Energy Needs

Keywords: Cogeneration, Coal firing, Circulating
fluidized bed, Plant siting, Environmental
permitting, District energy

Project Background

Power generation has a long history on the
campus of the University of North Carolina at
Chapel Hill. A man named Joshua Gore brought
the first dynamo to the campus in 1890, and the first
plant was built soon after in 1895.

The present power generation facility has its rools
in a plant built in 1940 on West Cameron Avenue, a
half mile from the main campus. This plant was
fired by coal and supplied electricity to both the
university and the surrounding towns of Chapel Hill
and Carrboro.

In the early 1970, the state legislature decided
that UNC should not be in the electric power
business, and ordered the university to divest its
electric utility assets to Duke Power. After the
divestment, UNC generated only 20% of its power
needs, purchasing the remainder from Duke Power.

In the 1980's, the university revisited on-site
power generation, and in 1988 decided to build a
coal-fired cogeneration plant that would provide a
clean, reliable source of energy for the UNC
campus and hospital.

System Description

Cogeneration: Coal-fired boilers generate steam
used on campus as well as for electricity generation
Steam generation capacity: 650,000 [bs/hr

Electric generation capacity: 28 MW

Length of steam pipe: 40 miles, supply plus return
Boilers: Two coal-fired atmospheric circulating
fluidized bed (ACFB) boilers, each capable of
producing 250,000 Ibs of steam/hr; one oil/gas
package boiler, capable of producing 150,000 Ibs of
steam/hr for standby and peaking needs (see Fig. |
for boiler system diagram).

Auxiliary fuels for coal-fired boilers: 100% MCR
natural gas; 70% MCR No. 6 fuel oil

Generator: 28 megawatt steam turbine generator

Central chilled water production: three plants with
total cooling capacity of 28,400 tons

Chilled Water Supply Temperature: 42° to 45° F
Length of chilled water pipe: 10 miles, serving
approximately 100 buildings

Choosing Coal as a Fuel Supply

The university conducted a study of its utility
options from 1983 to 1985. The recommendation
was to build a replacement cogeneration facility on
the same site as the old West Cameron Avenue
plant. This decision provided both utilization of
existing infrastructure and reasonable economic
payback. The old plant site had links to the rail
system, facilitating deliveries of fuel, and was
already connected to campus distribution piping.

When it came time to choosing a fuel source,
several factors came into play. The university had
previously burned coal in its plant, but coal was
generally dirtier than natural gas, which had
become the fuel of choice for most new plants. But
when asked about the availability of natural gas to
fuel the new cogeneration plant, the local utility
replied that supplies were not available on a cost-
effective basis. Coal, however, was still available,
and at low cost. Furthermore, the university was
familiar with the technicalities of burning coal from
its previous experience. It was decided to use coal
to fire the new plant.

The university anticipated new
environmental performance standards, and was
aware of the need to design a plant that would be

source



clean enough to overcome both regulatory hurdles
and the stigma of burning “dirty” coal.

These criteria left it with a choice between
implementing circulating fluidized beds (CFB) or
using pulverized coal with scrubbers.  The
economics pointed to using CFB.  CFB reduces
emissions of acid rain-producing components such
as NO, and SO,. The reduced NO, output is the
result of the low combustion temperature (1600° F),
SO, output is reduced by using a limestone additive
to precipitate it as calcium sulfate.

Public Review Process

The proposed site of the project was the location
of the existing UNC steam plant, There was much
opposition to the proposed site, primarily from
people who lived in a neighborhood that surrounded
the plant. A map of the plant and its surroundings
can be seen in Fig. 1.

Despite the opposition, the site proved to be the
best place to locate the new plant. It was the only
location with existing connections to the electrical
substation, the campus steam supply grid, and the
railroad. There was also space available on the
parcel for construction of a new facility.

In 1986, after much debate, the project was issued
a special use permit, with 24 conditions. The
conditions included, among other stipulations, the
following;

* Planting trees and shrubs to minimize aesthetic
impact of the new facility

* Designing structures such that all handling of
coal, ash, and limestone is done within enclosed
structures

* Transporting waste ash from the plant in covered
trucks or rail cars only after it has been wetted
down

* Limiting visible emissions from truck unloading
of plant material into the landfill to less than 20
percent opacity

* Limiting visible emissions from coal handling at
the plant to no more than 10 percent opacity

* Ensuring that no fugitive particulate matter
emissions are visible beyond the property line of
the plant

* Working with the town to design the external
appearance of the plant such that its impact on the
neighborhood is minimized

The university moved forward with design and
construction, and in 1992 commenced operations at

the new plant. The new building featured blue-
tinted windows, totally enclosed coal handling, and
active coal storage in silos.

The only major issues involved noise abatement.
The decorative glass exterior did not provide
adequate sound insulation, upsetting  some
neighbors. The town and UNC worked with an
acoustical consultant to  minimize the sound
emanating from the plant, and succeeded in
reducing levels to 50 dB at the property line.

The plant now generates steam for the campus
and hospital, and provides one third of the
clectricity needed on campus. The remaining
amount is purchased from Duke Power.

The UNC cogeneration plant has been recognized
for its leadership by many. Itisa founding partner
of the EPA Combined Heat and Power Partnership,
and it is the only plant not fired by natural gas to
have been awarded an Energy Star Combined Heat
and Power Certificate of Recognition.

Project Impact
The cogeneration plant provides many benefits to
UNC and the surrounding community:
* Reduces NO, output by 308 tons annually
* Reduces SO, output by 650 tons annually
* Reduces CO, output by 10,620 tons annually

* Provides 18,000 tons of ash per year, which is
recycled as matenal for structural fill and other
projects

* Utilizes coal, a cost-effective energy source that
15 currently cheaper than natural gas or other
alternative fuel sources, to keep costs low

* Extracts twice as much energy from a pound of
coal by using cogeneration to achieve 69%
efficiency.

* Provides reliability in excess of 99.85%

Project Contact Person

For more information about the University of North
Carolina Cogeneration project, please contact:

Raymond DuBose

Facility Maintenance Director

The University of North Carolina at Chapel Hill
Phone (919) 966-4100

Fax (919) 8434567

Email ray_dubose@facilities.unc.edu

Web http://energy.fac.unc.edu

This case study was prepared by the International District Energy Association on behalf of Oak Ridge
National Laboratories. You can reach IDEA at idea@districtenergy.org or http://www.districtenergy.org



Circulating fluidized beds keep NO, levels low by burning coal at lower temperatures. They also limit
emussions of SO, by mixing limestone with the coal in the combustion chamber. converting the SO, into an

iniert part of the residual ash,

UNC-CH Circulating Fluidized Boiler Systems
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The University of North Carolina cogeneration plant is surrounded by an off-campus residential area. This
increases the importance of clean coal handling and burning operations, as well as that of noise control.
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University of Pennsylvania Invests in District Energy to
Conserve Power and Reduce Energy Cnsts

Keywords: Conservation, lce storage, District
cooling, District energy

Project Background

The University of Pennsylvania has over 130
buildings and spends between $33 to 35 million a
year on energy. Most of this cost is attnbutable to
the purchase of steam and electricity. Steam is used
to heat the campus and for various process uses.
Electricity i1s used for both building needs and
electric chillers which supply the campus with
chilled water.

In light of rising energy costs and a growing
awareness of the University’s impact on the
environment, UPenn embarked upon a plan to
reduce energy costs while increasing efficiency.
The Division of Facilities Services developed an
energy plan which included the following major
components:

+ Energy-efficient lighting

* Capacitors at University substations

» Utility tariff

* Increased utilization of winter free cooling
instead of building chillers by individual
departments across campus

* Operational changes to manage and reduce
energy demand

System Description

District chilled water with ice storage: Electric
chillers create chilled water for campus distribution;
Module VI chiller plant has thermal ice storage;
steam and electricity are provided by local utilities.
Capacity: 40,000 tons total of cooling; 22,000 ton-
hours of ice storage, providing six hours of cooling
dunng peak demand

Length of cooling pipe: 26,000 linear feet, supply
and return

Length of steam pipe: 37,000 linear feet, supply
only

Using a Multi-pronged Approach to Achieve
Results

The best strategies are those that work 1o achieve
an end by multiple means. It is the combination of

these efforts that ensures success. UPenn
understood that achieving a substantial reduction in
energy  costs would require efforts in areas
spanning capital investment, operational change,
behavioral change, and policy change. Each of the
components of the energy plan touched on at least
one of these areas.

The lighting project calls for replacing lights in
University buildings with new energy-efficient
fluorescent lights. Any time building maintenance
or renovation is underway, installation of energy-
efficient bulbs and fixtures is attempted. New
lighting equipment has already been installed in
several major building projects.

Installation and maintenance of capacitors in
substations owned by the University ensures more
efficient energy flow and reduced cost.

The University also negotiated a new tariff with
the local electric company for the construction of its
newest chilled water plant, Module VII, that
provided $1 million savings for the University.

Ice thermal storage was maximized to shift
electrical demand from chillers to the off peak
hours defined by the tariff. At full load, the ice
storage facility can provide six hours of cooling for
the campus.

The biggest savings were derived from changes in




operational practices on campus. In 1998, the
University began the following changes:

* The chilled water flow rate throughout the
distribution system was reduced. By
experimentation, it was determined that a
reduction in flow rate could reduce the amount of
pumping power required. The chilled water flow
rate was reduced by approximately 50% during
the winter and 25% during the summer. This
reduced electrical consumption by approximately
7,500 MWh annually and resulted in avoided
costs of about $400,000 annually.

* The use of free cooling systems on campus was
optimized, reducing electrical consumption by
2,600 MWh annually and avoiding $150,000 in
costs annually.

* Chilled water chemistry was significantly
improved, eliminating chiller fouling problems
and improving chiller efficiency by 19%.

The University didn’t stop there. It also sought
ways to reduce energy consumption on the steam
side. There were four major actions targeting steam
use reduction:

* Winter space temperatures were adjusted
downward from 72 °F to 68 °F,

» Fifteen building air handling units were shut
down during overnight periods.

* Steam trap surveys were conducted on the twenty
buildings on campus that used the most energy.
Traps were replaced as needed.

* Steam demand was monitored more closely.

During the winter period from January 2000 to
April 2000, steam consumption was reduced by 5%,
resulting in avoided costs of $400,000.

An even larger reduction in electricity usage
occurred during the summer of 2001. Concerned
about nsing energy costs and the energy crisis in the
western US, the Facilities Department changed
some more operating practices, and asked for
cooperation from the University community.

The savings from the summer season would also
provide benefits year round. Winter electricity
charges were calculated at no less than 80% of peak
summer demand. A reduction in peak demand
during the summer would yield lower electric rates
year round. The result was a 5% reduction in
electrical consumption and a 15% reduction in peak

demand, avoiding $2,500,000 in costs annually.
Among the actions taken:

Real-time electrical demand from each of the
University’s six substations was monitored in the
Facilities Operations Center. Operational
decisions were made based on the demand data,
allowing the University to reduce peak electrical
demand by 10 MW,

Chilled water supply temperature was increased
during peak days to 50 °F. Allowing supply
temperature to increase prevented another chiller
from starting, thereby lowering electrical demand
and consumption.

The discharge temperature of building air
handling units was increased from 55 °F to 60 °F,
and building space temperatures were increased
from 72 °F to 78 °F.

A computer program was implemented to
automatically shut down over 100 air handling
units during overnight periods.

On peak days, members of the University
community were asked to shut down all
unnecessary lighting and equipment. On a few
extremely hot days (wet bulb temperatures at 82
“F), building air handling units were shut down
for thirty minute intervals, and managers were
asked to release non-essential staff early.

Impact of Initiatives

Thus far, the Facilities Department at the

University of Pennsylvania has been able to
conserve energy and realize avoided costs
exceeding $4,000,000 annually by investing in new
equipment, updating its operating practices, and
working with the University community. Peak
electrical demand has been reduced by 10 MW
(15%), and electrical consumption has been reduced
by 18,000 MWh (5%).  Furthermore, steam
consumption has been reduced by 5% as well.

Energy conservation at the University of

Pennsylvania yields measurable benefit not only to
the University, but also to the environment. The
table below shows how every incremental effort
makes a difference. UPenn achieved a 3%
reduction in kWh consumption.

The savings resulting from the University's

conservation efforts cleared the way for Penn to
make the largest US. retail purchase of clean,
renewable energy, from the recently commissioned
Wind Farms in Western Pennsylvania (20 million



kilowatt hours). Combined, these two initiatives
have accounted for a reduction of approximately 38
million kilowatt hours per year and their associated
harmful air, waste, and water impacts that can be
viewed in Figure 1 below,

The initiatives to date focus on the macro-,
University-wide picture. The department’s next
steps are to focus on the micro-view, helping
individual schools within UPenn develop their own

Project Contact Person

For more information about the University of
Pennsylvania energy conservation project, contact:

Mike Coleman

The University of Pennsylvania
Phone (215) 898-2750

Email colemanm@pobox.upenn.edu

energy savings programs.

Pounds of Grams of
coz Grams of NOx Equivalent| Equivalent
prevented s02 prevented |number of| acresof
Percent kWh | Actual kWh {global prevented | (acid rain & | cars off trees

reduction reduction warming) (acid rain) smog) the road planted
1.00] 3,620,000 5,792,000 29,684,000 9,412,000 507 1,050
2.00] 7,240,000 11,584,000{ 59,368,000 18,824,000 1,014 2,100
3.00{ 10,860,000 17,376,000{ 89,052,000 28,236,000 1,520 3,149
4.00] 14,480,000 23,168,000 118,736,000f 37,648,000 2,027 4,199
5.00( 18,100,000 28,960,000| 148,420,000 47,060,000 2,534 5,249
6.00f 21,720,000 34,752,000 178,104,000f 56,472,000 3,041 6,299
7.00] 25,340,000 40,544,000| 207,788,000, 65,884,000 3,548 7,349
8.00{ 28,960,000 46,336,000| 237,472,000 75,296,000 4,054 8,398
9.00| 32,580,000 52,128,000| 267,156,000 84,708,000 4,561 9,448
10.00] 36,200,000 57,920,000] 296,840,000 94,120,000 5,068 10,458

Source; University of Pennsylvania Division of Services and Real Estate

Figure 1

This case study was prepared by the International District Energy Association on behalf of Oak Ridge
National Laboratories. You can reach IDEA at idea@districtenergy.org or http://www districtenergy.org
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UT-Austin Increases Investment in Co-generation to
Achieve Greater Utility Reliability and Economy

Keywords: Co-generation, District energy, Chilled
water, Redundancy, Condensate treatment,
Economics

Background

The University of Texas at Austin has grown over
the years into one of the nation's largest research-
ortented universities. In the process, it has built a
very reliable utility system to ensure that the
mission of the university is not disrupted by energy
system failures. A testament to the robust design of
the systems is the fact that the campus has had only
ong complete blackout in the past 30 vears,

This enviable record is accomplished though a
variety of means, primarily through self-reliance for
all its energy needs and redundancy designed into
the energy delivery system

UT-Austin continues to grow. As the university's
energy needs increase, the utilities department is
adding to its available capacity to ensure that it can
continue to provide the same high levels of
reliability it does today.

System Description

Distriet steam, chilled water and electricity with co-
generarion: Redundant capabilities to keep campus
supplied with steam, electricity, and chilled water in
event of equipment failure

fnstalled heating capacity: 1,146,000 Ibs'hr; two
HRS5Gs with total capacity 346,000 lbs/hr and four
watertube boilers with total capacity 800,000 lbs/hr
Cooling capacity: 40,800 tons of cooling, 30,000
tons electric and 10,800 tons steam-driven

Electric generation capacity: 88 MW; 51 MW from
gas turbines and 37 MW from steam turbines
Standby electrical power; 25MW from local utility
Steam distribution pipe: 81,316 linear feet, supply
and rétum

Chilled water distribution pipe: 89228 linear feet,
supply and return

Electric distribution: switched multiple bus system

Achieving Cost Effectiveness and Reliability
Through Redundant Design

The CH&P plant at UT-Austin has provided very
reliable utilities since inception. This reliability is a
product of the system design, which consists of a
very interconnected system. The HRSG and boiler
plant are part of one contiguous steam system,
allowing the university to use both sources to
generate steam if needed. If a gas turbine and/or
HRSG were to fail, standby electrical power (25
MW) from the local utility, Austin Energy, is used
to support the electrical system, and one or more of
the fired boilers is used to run the steam system,
which keeps the steam distribution supported and
keeps most of the electrical system on-line via
steam turbines. This interconnection of plant
equipment is a blessing as well as a challenge due to
the complexity introduced to plant operations.

An important factor that enables the plant to
operate 50 economically is that about 10,800 out of
40,800 tons total of refrigeration can be generated
using steam turbine-driven chillers. In the summer,
when chilling load (28,000 tons peak) is highest and
electrical peak load is the highest (56 MW peak out



of 88 MW rtotal installed capacity), HRSG-
generated steam supports the chilling system. In
addition to electrical generation and chilled water
support, heating and hot water systems in the 160
campus buildings are also supported by the steam
system (See steam system diagram in Figure 1),

The 40,800-ton chiller plant consists of four
chilling stations that feed one common chilled water
loop through a walkable tunnel system. System
reliability is ensured since any one or more of the
four stations can support the campus hydraulically
as well as satisfy refrigeration needs.
Hydraulically, each chilling station is sized to
handle the total GPM needs of its station; booster
pumps are located at the buildings to support the
building needs (See Figure 2 for campus map).

Almost all of the campus facilities are designed
with double-ended substations, so that if one
transformer were to fail, the remaining transformer
can handle 100% of the building load. Almost all
facilities also have two feeds for chilled water,
steam, and potable water so that if problems
develop, those supplies can guickly be rerouted.
The electrical distribution system is also designed as
2 switched multiple bus system that allows for an
alternate feed to the bus from another bus should
one fail.

Emergency power to campus buildings is
provided in one of three ways. One is via traditional
stand-by generators. Another is via an alternate feed
from a separate bus in the electrical distribution
system. This can be done because of the generator
redundancy in the plant and electrical distribution
system design. The third way is vin an outside feed
from the local utility that is procured via a separate
stand-by electrical agreement, since the university
generates power for all of its needs, The latter two
options significantly reduce maintenance operations
cost of the total existing 15 MW of standby
generators,

The university also makes use of recovered water
to reduce consumption. The campus consumes
about 900 million gallons of domestic water per
year. Of that total about 500 million gallons is for
plant operations. About 50 million gallons is
recovered water derived from once-through cooling
water, ground water, rainwater cisterns, water from
swimming pools that are drained, and condensate
from building cooling coils. This recovered water
is separately routed via PVC piping back to cooling
towers in the plants and is used as make-up water.

Investing for the Future

UT-Austin continues to invest in its physical
plant, making it even more efficient and reliable. It
is taking a multi-pronged approach which includes
projects related to controls, condensate treatment,
and co-generation capacity expansion.

The university has invested about $6,000,000 so
far over the last four years in digital controls for the
power plant and chilling stations. This effort is
expected to be completed within the next three
vears, with an additional investment of $3 or $4
million. This PLC-based system has dramatically
improved reliability, since, prior to the effort,
boilers were without burmer management systems,
and the plants were manually operated. Tripped
boilers and significant upsets were commonplace,
and while the campus services were not affected
significantly, this was creating major operational
challenges. The utilities department is now also able
to consolidate power plant and chilling station
operations with common controls. A reduction in
operating costs and improved cross training
between power plant and chilling station staffs are
expected.

The campus consumes about nine million gallons
of distilled water for laboratory use that is derived
from the condensate return system. This laboratory
application has prevented the use of amines to treat
condensate in the past. When a campus facility hot
water  penerator (steam to  hot  water
converter/exchanger) develops a tube leak, raw,
untreated water is introduced to the condensate
retun. The water in Austin is very hard, which
further contaminates the condensate,

Studies have indicated the need to stant
condensate treatment via amines, There have been
complications at the boiler plant, resulting in a
failure of the 286,000 Ib/hr HRSG at a repair cost of
£2,000,000. The utilities department will shortly
reroute  the supply of distilled water from
condensate return to the de-mineralized water
system. This will now allow them to start treating
the condensate system. The return condensate will
also include the use of polishers for further
treatment. This will be accomplished by 2003 and
should resolve these complications.

Finally, the campus is expected to grow by about
1,000,000 more square feet over the next three
years. This is causing a strain on the power plant.
At a current peak of 56 MW, the firm capacity is 52
MW, and load is projected to grow to 73 MW by



2008. To respond to this growth, the largest cooling
tower, constructed in 1958, is being replaced with
sufficient capacity to handle the addition of an
additional 25 MW steam turbine. This new turbine
will increase total capacity to 113 MW and firm
capacity to 77TMW by 2003/2004. In addition, the
department is increasing capacity at the substation
from 56 MVA to 100 MVA to respond to the
growth by 2003/2004. The substation is the
campus’ parallel interconnection with Austin
Energy that provides 25 MW of stand-by power.

The design of UT-Austin’s energy system makes
campus-generated power a more cost-effective
option compared to power purchased from a utility.
A recent study on the option to purchase electricity
rather than generate indicates that a 90% “buy” vs.
100% “generate™ would cost the campus about §10
million more per year because of the university's
need for steam and dependence on steam for chilled
water production. This trend of additional cost is
consistent even when considering smaller
increments of purchased power.

While fuel costs for gas rbine generation would
drop proportionally to the amount of electricity
purchased, it would also result in increased direct-
fired boiler use, This boiler use is needed to
support steam use for campus heating/hot water,
generation, and chilled water production, and is
relatively constant. The reduction in gas turbine
generation results in an energy penalty because
turbines would now be operating at a less efficient
point on the load curve, and the HRSG would
proportionately be providing less free steam from
the turbine exhaust. The combined electrical
purchase and increased natural gas purchase for
fired boilers results in an increase in total costs
rather than in savings.

Continually Moving Forward

The campus will continue to strive for self-
dependence in electricity because the utilities
department can still provide the level of reliability
and economy in the current market that the campus
has enjoyed over the last 70 years. The department
will, however, continue to look for future
opportunities from the deregulated market, compare
this to the need to add further capacity, and respond
to the reliability needs.

Project Contact Person

For more information about the University of Texas
at Austin’s Co-generation plant, please contact:

Juan Ontiveros

Director of Utilities and Energy Management
The University of Texas at Austin

Phone (512) 232-4191]

Fax (512)471-3311

Email juano@mail.utexas.edu

This case study was prepared by the International District Energy Association on behalf of Oak Ridge
National Laboratories, You can reach IDEA at idea@districtenergy.org or hitp://www.districtenergy org
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The Hal C. Weaver power plant provides steam and electricity for the UT-Austin campus. There are four
chilling stations that provide chilled water to the campus through a common chilled water loop.

=k

1200 Tor , University of Texas At Austin
: Combined Heat and Power Plant

Source; University of Texas ot Ausitin

Figure 2



VI. NEXT STEPS AND PATH FORWARD

NEXT STEPS
The next steps for this phase of the project involve presenting and sharing the
data with the community of interest and defining the next phase of the project.
Tasks include:
 Presenting findings to date at the IDEA College and University
Conference
« Posting results and case studies on the ORNL, DOE, and IDEA websites
* Determine the path forward, including the scope of work, timing, and
funding

RECOMMENDED PATH FORWARD

The knowledge gathered so far is very valuable, but there is still more that can be
done to unlock the potential of CHP and district energy. It is important to have a
factual basis on which to make policy and funding decisions. We recommend
the following course of action to move this initiative forward:

Continue Current Census Effort

IDEA contacted 436 institutions numerous times in the process of conducting the
census, and received responses from 169 of them. The data received was of good
quality, and we feel we have gathered responses from a large percentage of the
institutions that have district energy systems in place. Still, given the large
number of schools that have yet to be contacted, there is some uncertainty as to
actual size of the CHP market for various technology ranges and applications.

IDEA’s effort is a bottom-up effort, tabulating individual responses to come up
with an aggregate final number. We have catalogued 948 MW of installed
capacity through this method. A report conducted by OnSite Energy used a top-
down method to estimate CHP installed capacity at institutions in 2000. The
figure they arrived at was 1,414 MW. Completing the bottom-up census will
close up this gap and will yield a better picture of the true capacity of the market.

IDEA would propose to continue posting the Zoomerang web survey instrument
in order to elicit more qualitative input and deeper data from the college and
university market segment.

The quantitative survey would also be posted on the IDEA website and allow for
college and university personnel to continue to submit system data. Based on
our experience, the passive approach of web-based surveys does not generate the
activity level desired or result in complete survey submittals, and active
solicitation is required to capture empirical data. If funding were available,



continuation of telephone contact would be the most efficient and timely method
to catalogue the balance of the university sector population.

Find Ways To Make CHP The Clear Choice For Institutions

Further information should be gathered to provide college and university
facilities officers with a means to benchmark their systems against others on such
factors such as efficiency, cost, reliability, and environmental impact. Outreach
materials should be developed to assist in this regard. The case studies and
champions developed herein will support outreach. Broader distribution and
well-publicized links will increase awareness and stimulate more reporting from
the sector,

Participation and membership in IDEA is increasing in the University Physical
Plant category. The Annual IDEA College and University Conference brings
together physical plant directors from across the country to share operational
experiences. University personnel report a preference to interact with
practitioners with real time experience in the design, construction, operation and
optimization of CHP facilities. Fostering the participation in conferences
focused on “users” of technology through sponsorships and promotional
support would benefit institutional prospects.

Develop An Economic Analysis Of CHP

An understanding of the economics of the industry will help shed light on which
incentives and policy decisions would have the most impact on CHP adoption.
DOE is working to develop a financial-modeling tool to perform assessment of
CHP potential for users and adopters. Screening tools to assess initial feasibility
will help university staff perform preliminary assessments prior to investing
time and funds in preliminary engineering, equipment selection and siting
issues.

This will help the DOE and other government agencies to better understand
what the most effective allocation of financial, human, and other resources
would be to stimulate market penetration of CHP.

In the case of public, tax-exempt colleges and universities, a tax credit for CHP
installation is perceived as having lower value than other forms of project
financial support. Based on feedback from our survey respondents, capital
availability is one of the major hurdles to implementation. A well-funded
revolving fund might provide the initial capital support needed to reduce project
risk and stimulate investment, with participants restoring the fund through
operating cost savings once CHP facilities are operational.



Develop A Partnership Program To Accelerate Equipment Standardization

As noted earlier, the high cost and customized nature of siting and installation of
new energy technologies hinders adoption and market growth. A partnership of
government organizations and private associations and companies should be
formed to create dialogue around this issue with the goal of standardizing and
commercializing emerging technologies in order to spur CHP and district energy
market growth. Colleges and universities, with existing district energy thermal
networks and common ownership of property for generation, distribution and
use, hold great potential for installation of CHP technologies. Developing
standardized interconnections and modular systems will help to reduce project
soft costs like engineering, specifications, controls packages, construction, and
commissioning practices. With standardization and commercialization,
economies of scale in production and installation will positively impact unit
pricing, thereby enhancing market penetration.

A nation-wide pilot program, focused on specific CHP technologies at multiple
university settings, with participants (industry, user, and engineering) in cost-
sharing arrangements, with the charter to design and standardize packages (e.g.
valve arrangements, pressure drops, control sequence, and sound attenuation
standards) would help to reduce first costs and stimulate market participation.

Study CHP In Other Markets

In other regions, most notably Europe, CHP has higher market penetration than
what is seen in the US. There may be some lessons to learn by studying those
markets and understanding the underlying factors behind CHP adoption there.

Recently in Britain, deregulation and liberalization of the electric utility industry
has actually negatively impacted CHP facility operations due to pricing signals
and tariff requirements. However, the CHP industry has responded, and, with
support from the federal government, is working to enact policy provisions that
would more effectively reduce tariff costs and recognize the environmental
advantages of CHP in emissions credits and market pricing.
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LZoomerang

General Information

http://www.zoomerang . com/rec ipient/survey . zgi?ID=8HTM 1 S2RVQS7

IDEA/DOE College and University Survey

A A L L T R R G R

Page

INTERNATIONAL
DISTRICT ENERGY
ASSOCIATION

Please list your name and address in the form below

Nama ’

Company I

Address I

I
City I State [__3 Zip '

What college or university are you affiliated with?

|

Please provide the following information about your campus

Total square footage of occupied
buildings on campus (please enter ]
number anly)

Number of central plants you own,
operate or control (If zerg,

please skip to question 26)

Total number of square feet of |
space served by your plant{s)

Number of buildings served f

Please list the year the system first commenced operations, and the
dates of any major system additions/modifications since then.

k3

| of 8

14/02




Loomerang

http:/fwww.

Technical Specifications — Heating

__"1-_ What Is the total installed heating capacity of your plant (MMBTU/Mir)?

6 Please describe your heating equipment in the following format Brand,
model, equipment type, capacity

=l
2

7 What is the total amount of district heating pipe in your network and
what is the breakdown between each of the following types (in linear

feet)?

Total (supply plus return);

Steam pipe supply

Condensate return:

Hot water supply

Hot water return;

8 In linear feet, how much of the above total pipe is

Welded steel |
Pre- I
insulated

Direct buried [

Carrier pipe in a conduit:

|
Tunnels: |

O  Whatis the largest diameter of pipe installed in your heating system
(inches)?

l” What is the operating pressure (psig) of your heating system?

Technical Specifications — Cooling :

zoomerang.com/recipient/survey . zgi?ID=8HTM1S2RVQS7

Page 2 of 8

2/14/02



Zoomerang

11

What is the total installed cooling capacity and what is the breakdown
from each of the following sources (Tons)?

Total installed cooling capacity:

Electric chillers

Low pressure steam absorption:

High pressure steam absorption;

Gas-
fired chillars;

Chilled water thermal storage:

lce thermal storage:

I
|
I
|
Staam turbine drive l
|
|
|
|

Other

12

Please describe your cooling equipment in the following format: Brand,
model, equipment type, capacity

What is the total amount of district cooling pipe In your network and
what is the breakdown between each of the following types (in linear

feat)?

Total (supply plus return)

Welded steal;

Pre-
insulated:

|
|
|
Direct buried: |
|
|

Ductile iron:

Tunnels

14

What is the largest diameter of pipe installed in your cooling system
(inches)?

15

What is the total volume (in gallons) of your chilled water system?

Technical Specifications — Electric Generation

http://www.zoomerang .com/recipient/survey.zgi?ID=8H7MI1S2RVQS7

Page 3 of 8

2/14/02



Joomerang
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16 If you currently generate or co-generate power, what is the total
installed capacity (MW)?

l 7 Please describe your electrical equipment in the following format:

Brand, model, equipment type, capacity

=
4
RS e SR S R R R i 0

Operating Metrics

18 Flease list the following heating system operating metrics for calendar

year 2000

Peak sendout level (MMBTU/ I
hr)

Total annual volume of heating
sendout (MMBTU/

year):

lt) Flease list the following cooling system aperating metrics for calendar

year 2000

Peak cooling demand on your p{antl
(Tons per hr):
Total annual cooling volume (Ton- |
hours pear yr);

20 If you generate power, please provide the following electrical metrics

for calendar year 2000

Peak generating level (MW) |
Total electricity production for the |
year (MWh):

Peak electric demand (MW): |
Tatal electricity purchased from

external sources during the year
(MWh)

2 1 What was your annual fuel consumption during calendar year 20007

Gas (MCF): |
Qil (Gallons) [

zZzoomerang.com/recipient/survey.zgi?ZID=8HTMI1S2ZRVQS7

Page 4 of 8

2/14/02



Zoomerang

Coal (Tons) |
Steam (Ibs) |

Other (Please specify units) r

22 How many employees (FTE's) are assigned to the utilities department?

Plant Operating

Plant Maintenance:

I
f
Distribution Maintenance I
Total |

23  Wnatwas your budget for the year 20007

Capital budget for utilities f
(Dollars)
Operating budget (Dallars): l

24 On average, over the past three years, what percent of the time has
the central plant met the system requirements of customers
(percentage, e.g., 99.997 availability)?

|

25  Wnatwas your average fuel system efficiency (fuel inmetered energy
sendout as a percentage) during calendar year 20007

Expansion Plans

What is the likeiihood you will make the following planned
improvements to your system over the next three years?

1 Fi 3 4 5
Mot planned Preliminary  Currantly in design Under Commarcial
evaluation construction operation within
12 monihs

Expansion of distribution network

au 24 a4 A sl
Adding electricity generation (combined heat and power)
Adding cooling capacity

http://www,zoomerang.com/recipient/surve v.zgi?ID=BHTMI182RVQS7
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Backup generation

] 24 =4 FLY | =l
Distributed generation - fuel cell

A4 24 34 Al 154
Distributed generation — micro turbin
Distributed generation — backup diesel generators

ad 24 ' 184 154
Distributed generation — back pressure turbine generators
Emissions compliance

U] 24 =¥ Ad 5
In-building coaling, heating, and power

o1 24 a1 Al 25y
Plant efficiency upgrades

i 24 a1 e 5] 5l
Controls enhancements
Building HVAC upgrades
Improved metering

a1 24 3 ¥ 283
Fuel switching

aa 2 3 4

What are the biggest challenges to your current expansion plans?

Mot m: Issua Smail fnncam Major gnnmm Barrber lu‘pmwau

Capital constraints

e U] 24 l (7]
Convincing decision makers of economic benefits

an 21 A iy
Complexity of implementation

44 2! =24 s
Alr emissions restrictions

s W) 2. ay EAY
Space constraints

a 24 =3 sy
Fuel price uncertainty

24 24 =3 u4d

Current life remaining in existing equipment

http://www.zoomerang.com/recipien Usurvey.zgi?ID=8H7M1S2RV(QS7 2/14/02
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28

29

Al 24 24 dAd
Regulatory uncertainty

a) 24 =5 =L 5
Lack of clear technology choices

a4 34 &y
Lack of ciear utility interconnection standards

2 2 Al Al

Utility counteroffers (backup rates, exit fees, or negotiated programs
and discounts)

What could the DOE or other government agencies do to make it
easier for you to implement district energy and combined heat and
power solutions?

=

2l

Please rank each of the following services or support in order of how
helpful it would be in implementing cooling, heating and power projects
on campus. The most helpful one should be checked under column
number one, followed by the second most helpful, checked under
column two, and so on.

1 2 3 4 5 ] T B
Mot Leasi
Hedhpful Helpful

DOE-sponsared task force of respected experts
il B .- . =

Matching funds for construction

Government-sponsored revolving fund

L B BN B B
Feasibility study funding

Clear national utility interconnection standards
B I B B

Net metering

Tax credits for cooling, heating, and power investments by private firms

Tradeable tax credits for public institutions

e e A R R SR

If government-funded sources of capital were available for capital

http://www.zoomerang.com/recipient/survey.zgi?ID=8H7M 1 S2RVQS7
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3[} improvements to district energy systems, would you seek out those
sources?

Thank you for your time. Your participation in our survey is appreciated. Please
click the Submit button below to turn in your responses.

After answaring all the questions, click the *submit
afmow beiow 1o complete the survey

[

FONERLD BF
& zoomerang

http://'www.zoomerang.com/ recipient/survey.zgi?lD=8H7M1S2RV Q87 2{14/02
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@%@ Central Plant Survey Fall 2001

~ Organization Name: ‘_ N .

Your Name: S,
And your title h? |
Eﬁ«? o - w R RIS LT
Do you have a camral_plam for h&at:ng and mulmg the  campus? —1 |:| v 'ON
What is the total installed heating capacity? pounds per hour MMBtu's per hour )
What types of boilers are operating? N
Type Brand Capacity Quantity
Ex.: Water Tube Ex: Babcock & Wilcox Ex: 60K Ibs/hr Ex: Two (2)
What is the primary fuel? |
Natural Gas Oil Coal _ Other |
I | | O |
How much fuel you purchase each year, in dollars? | §

What percentage of buulding square footage used by the university is served with heating by your central
plant(s)?
Approximately, what perc:antage of the university’s heating energy demand does the 1

mnh'al plant(s) muat? I % |
CHILTE .u:“*. WhH T I i T O R [ s o e W v e e
Dnyuuhweanentmlmllladwataﬂystem? [y [LJN i
What is the total installed capacity, in tons? tons
Is that in one single plant facility or in multiple locations? [ singie | [ Multiple
Can you describe the chilled water system?
Brand Type Capacity Quantity
| Ex.: Carrier Ex.: Electric Ex.. 5,000 tons Ex.: Three (3)
if =i A # of tatal
you have any stand-alone building chillers, please provide: | chillers | on
" Do you have any thermal storage in the capacity mix? Oy TON
1f 50, is it chilled water o ice stcraga‘? 1O chilied Water [ Ice Storage
| ]
Type Im

What pemantage of hunl:ﬂng square footage used by the university is served with cooling by your central
_plant(s)?

Approximately, what pamantaga of the university's cooling energy demand does the 9%
central plant(s) meet? |




I THOMAL
2 %ﬁ%ﬁ” Central Plant Survey Fall 2001

| Do ydy gurigmte or m:gﬂnamte electricity on campus‘? | [] Generate | [ ] Cogenerate
‘What is the total installed capacity (in megawatts)? | . | _MW_
Briefly describe the generation system (i.e., gas turbine, steam turbine, etc.)

_ Brend [ Twe Capacity (MW)

What year did electric generation operations commence? [

Approximately, what percentage of the university's electrical energy demand does the %
central plant(s) meet? ——

DT RI BT TONIS VS TEM S S s e ,-1-‘:"—»; BT s B e

HEAT RELATED QUESTI‘DHS | T e T

Approximately how many total linear feet of heating pipe {lupply l
 return) are installed on campus?
% Direct Bunied

Is the heating by hot water or steam? ’ [] Hot Water

If steam distribution, is it steam supply only or is there a condensate
return system?

COOLING QUESTIONS

| Approximately how many linear feet of district mullng plpﬂ ttﬁﬁlply &
return) are installed en campus?

% Direct Buried [ % Tunnels/Vaults
| Have you added much piping recently? Oy ‘ON

| Do you have any additional comments on your distribution system?

EEXPANSION RELATED DDESTIONS:

What y‘ear diﬂ your canh'al planl nperahnna beglrn'?

. What is the total square footage of building space used by the university? sq. ft.
' When was the last expansion or installation of new equipment?
Do you have plans to expand your central plant or distribution system? Ll Y N
Type of Project Capacity E@uﬂuﬁm _
Currently Under
B Planning Construction
| [J Currently [] Under
- Planning Construction
} [] Currently ] under
Planning Construction

" Do you have any unique system characteristics or performance information
or are there any “Lessons Learned” in operating or expanding your campus energy system that you would
like to share?

Thank you for your assistance. You may fax this form back to IDEA at 508-366-0019. If you
have any questions or comments, feel free to call us at 508-366-9339. Again, thank you.

Page 2 of 2



APPENDIX 111. - CENSUS DETAIL DATA TABLES

Detailed information from the census is presented here in tabular format.
Results are for institutions that reported data for their central plants. The
information is split into tables as follows:

Table 1: Longevity of Central Plant Operations
This table lists the year central plant operations commenced and the year of the
last major expansion for each institution.

Table 2: Heating System Data

This table contains information on the number of heating plants, total installed
heating capacity, primary fuel, annual fuel expenditures, total linear feet of
heating pipe, heat distribution method, presence of condensate return piping,
heating pipe construction, and the percentage of heating energy requirements
met for each institution.

Table 3: Heating Equipment Detail
The table contains information on boiler types, fuel source, boiler size, and
number of boilers for institutions reporting heating equipment data.

Table 4: Cooling System Data

This table contains information on the number of cooling plants, total installed
cooling capacity, thermal storage method, total linear feet of cooling pipe,
cooling pipe construction, and the percentage of cooling energy requirements
met for each institution.

Table 5: Cooling Equipment Detail
The table contains information on chiller types, chiller size, and number of
chillers for institutions reporting cooling equipment data.

Table 6: Electricity Generation Data
This table contains information on installed capacity, year electric generation
commenced, and the percentage of campus electrical load served.

Table 7: Electricity Generation Equipment Detail
The table contains information on generation equipment type, size, and quantity.

Table 8: Expansion Projects in Planning Stage — Heating
This table notes the timing, capacity amount, and notes for heating-related
expansions that are still in the planning stage.



Table 9: Expansion Projects in Planning Stage - Cooling
This table notes the timing, capacity amount, and notes for cooling-related
expansions that are still in the planning stage.

Table 10: Expansion Projects in Planning Stage — Electricity Generation
This table notes the timing, capacity amount, and notes for generation-related
expansions that are still in the planning stage.

Table 11: Expansion Projects in Construction Stage — Heating
This table notes the timing, capacity amount, and notes for heating-related
expansions that are under construction.

Table 12: Expansion Projects in Construction Stage — Cooling
This table notes the timing, capacity amount, and notes for cooling-related
expansions that are under construction.

Table 13: Expansion Projects in Construction Stage - Electricity Generation
This table notes the timing, capacity amount, and notes for generation-related
expansions that are under construction.



Table 1: Longevity of Central Plant Operations

Yuar Contral Plam Your of Last Major
Linbveradty Cosmmanced Expansion
[AnEons Siale Urivernity WSl Campus 968 660
1967 88T
1995 1999
1k 10
Ewrty 1800 001
1987 1eaT
1920 187
1908 1968
12 1993
1978 1909
1950 001
1§72 2000
1993 00
Eardy 15008 1908
1952 1l
WA 1882
WA 000
W11 1971
wa: 2000
1e98 1096
1957 1954
1808 1688
1929 2000
iR 9T
Mk (LY
18T 1997
A A
1004 1881
1950 1008
1870 ]
193 1998
L] Nk
1§74 1588
1Y MR
1885 1962
1884 19940
19ar 1967
1918 2001
1998 1 oo
16528 1 G
1684 1987
108 2000
15708 HiA
1953 0m
1800 000
M, 1995
1670 1995
i) 2001
1985 1893
15968 1858
1920 s
M 1955
182 1655
1858 2001




Year Coantral Plant Yaar of Last Major
Operations Commancsd ET

1o s [
LS i,
1518 2001
Emrty 1580 2000
12E 2000
1638 1995
1803 198
M WA
Earty 1900's 1508
1913 2000
1958 1558
19508 o0t
1888 1993
1M 1A
1888 20
Mk WA
M WA
LY 2000
L2 2000
ik 2000
154 2001
Univaraity LT 1995
Sials Unoesrsily of Niw York ol Potsdam 1853 1987
Univarsity of Maw York i Siomy Brook 1968 2001
r_wtﬂm 8 1885
Syracuse Linmeruy 1924 1955
[ Tauns ARM Linversity Pre-1900 T
Tauas Tech Unssarnity 1962 2001
Thunchertrd, The Amercen Graduate School of intemabonsl Management 10 1947
Uiversity of Alpsis — Fartanks 1930 2000
|Urevaruity of Arvansas 1658 1965
Lirevernity of Calfformia, Barcsiey 904 1586
Linivermty of Caiforsa, Lo Angeles A 1904
iirnvmrssty of Caiformea Riversios Mig-154s 2000
Unnvarsity of Casforrus, San Francisce 1960 2001
University of Cantral Arkarsas 1T 2001
Lirevarsity of Coloredo ol Bouider 1909 MiA
Lirvwarity of Delasars 1838 19EE
Uinmaraity of Evanavile 1548 1847
Lirmemrity of Fionda HiA 2001
Univenlly of Geongia 1970 ol |
Universily of idaha Te08 2001
Linmversity of linos East Campus 1083 2000
Lirrvaruity of iowa Emrty 1608 A
Lirivernidy of Lousyvile 1873 1998
Lirmvnrsty of Maryisnd o Cobags Park. 1o oo
Liniwaranty of Massactuasits Amnars! L MIA
[Liniversity of Mamphis Wiz BTN 2000
Lirvenrmity of Migm TG 1968
Lirnwarsity of Mschugan Lete 1800 Mid
Lirevenuity of Mnrmaots Dubulh 1999 1995
Uriveraity of Minnasota Mirresgols 1680 B,
Uriversity of Mirnesota 51 Paul MR MR
Uniwersily of Missoun - Cowumbia 1852 2001
Umveruily of Missoun - Karsas Ciy 10T 200




Youar Contral Plant Yaar of Lest Major
Ui warnity DOpsrations Commanced !ﬂm
Orrewnity of Few Hampan 155 ]
Urivaraity of Nisw Maoco 1887 16485
Upiverasty of Mo Carobne st Chapad Hi 1920 192
Linivarsaty of Norharn Colotads Mid-19408 1o
Linivarsiy of Norhern lows 18E3 1EeE
Lirmtaity of Parvayivanis Mig- 157 s 1990
Uriveraity of Prsburgh 1907 2001
Univaraity of Rochesler 1924 1999
[Uruvaraily of South Dakota 16T 2001
Uinivarnity of Taxss at Austn 1910 988
|Unevarsity of Tewas at El Pasc Lats 1960 1906
Uireweraity of Virgitie 1850 i)
Lirevarnity of Washngton 1608 001
Lirrvarmty of Visoonsin a Madeon Emrly 1000y 2000
Lirsvarsdy of Wisconin ot Milwaues Mk, 20m
Liruveruty of Wisconsin m S 1985 1T
Wirginia Polylechne Insiiute and Siste Linvemnsy e 1998
ey ol Earty 18900 T
Wastarn Michgan Unsersty 194 1962
ilarne Colege 1802 2001
f i Urnvsraity T 200




Table 2: Heating System Data

Heating System Data
i Haat
THatriBarticn
Mathosd 1s % o Campun
Todsl Linaar Fawl if Bamare, |y Thiss Hanting Pips Conctruction Enargy
1 of Hentng Hasting Pips {Supgly and| Hest Dhlrikation | Conderasts W Toreenl | Reguinsmanty Mt
Lieskeara ity Mt Frwary Fusl A Fusl Eagsnditurss ] Rhpered FwturnT W Dt Bairied s vy Casiirml Plasiba]

Anzons Sate Unigeralty el Campon 1 Hatirnl Can 1 e [ [ [y A WA
Bales College 1 TNers Oaw ¥ WA Hof Weter & Sieam e HA L 3
Ihrestercg Greer Saln Lnkensty 1 Hatirad G FIRCS Liram Feu L 100 e
Brighaiin 'V ouni Unbreraly L] Hahiwsl Gan 3 T0.ETN Had Wistisd & Bipam ] 53 i T5%
ickrel Linfverty 1 Hstiral Gan 3 72,000y Sleam s o W B
Beifiet Lirdvemuty 1 ‘atrsd Gae H Wy Hol Whisr & Sieam Ten 100% % (e
Calttarnia Polptechnic Sats Lindesinly L] Hatirs Dma 1 Felise Hat Waler MaA N 0% (138
Cabfiwrea Dtwis Unbveeinaly. Morfalilps L] Hatirst Gag T, By ot Waler B, 100% 0% LY
Cankul Michigan Unfesrally ] Hahursd Gm 31, ho Seam ¥iu % s TV
Cenvirnl \Wisaiingion Linivensdy L] Hatirsl G ¥ 51,000 Gasam Te# et B B
Charrman Lirdvetily ¥ CoslPiatasl e ¥ 34, D SReaim i Lt {1ic% BOrS
Chresiand fals Linkeralty B Mk L HA ] WA L HA
Codtry Colege i oA [ 1 RLESS Saeam Yeu 100% 0% %
Coliege of New Jamey L} hahrs G ] 13, Heam Few T00% % BN
Colege of Willes ol Maiy ¥ Mabr sl G 14, Hedl Wirder & S2cam ew WA Pk s
Coliege of Wosansi ] Coal Ezeam PA, WA i WA,
Codiimbva Lirsenayp L] CElakrsl Gy H 43, SREm Tew Lt Pach, Uhe Y
Ceonnectod Colage f (=] 1 A, Stmam Fom A Fh, BT
Conmepll Linds grnip L] ol 3 138 Hod Waler & Steam b hli Y T 1508
Diartsoth Linkesnaley | ] L] i Shesm Teu 1% B LY
Penison Linsyendy I = H Filec Srawm Tes =5 &% Lt
Conie Linivearedy 2 Flatrw Gam 11 B0 Hot Wale' B Sieam Ton Lt 1% o
Duchor Liniwarafy L] Coal 5 4 04 Gheam Yew AT I HA
Dupirssng Unvendy ' sl Gan 1 i (T Ty wa [ %
Emory Lindverty i Matrs Gan A Glsam B, LY P, A
Gorpaiown Linkosmty 1 CHMatrsl G H 2']3 Etmam Ten B 4 i
Cheargia Insbiule of Tecrasogy 2 Mata sl Gas L Srasm T WA MEA, Y
Gozhen Cobsge 1 Pl Giam ¥ ¥ Blenf T A M e
Herthing Lindrerilly 1 Mok sl G 1 o, o0 Fial Warler Hik b lie T B,
larewr d Lindeeraify BA, [ B0, D00y Steamm Y 100 s 0%
Haoramrl Linbierssy 1 Matas Gan LE R | Shamm [FTEY L ik %
idalin Sabe Ldvnraly i Mokl Ga A oo Gremrm Yea Fliet B i
Fnpey Ceraw! Colegs 1 Mabasl G ] 2 o Alaam Teu L] FA s
ot imitiae of Technology Paik, Matasl Gam L Eeain L, LY (7Y A
indssns Universty ~ lloamingron 1 Cosl L] 100 500 HEam Ten LT IR e
fowm Tisde Linsreradty 1 Coal 1 w2000 Shesm Yes 8% TEN B
Hmearn Muadyon Linfemmaty 2 Fwbasl Gas ¥ i e Etmgm Yo 40% R 0,
Hohne Hopling Lnksemty 1 Matrsl G L] L Sheam T 254, TE% e
Kafarmaran Calege ! Hatrsl Ges ¥ LRt Stawm ew % 5% (11
e Gimle Lniversary 1 Matsrsl Gan g Eleam MR, A M WA
i apne Siwte Coliege 1 [ ] H Fen A LT Tk
FlAsizwn Linksalty 1 Coal Yes L 1% b
Lamas Linncemsy 1 Pt al o 5 s, % 1 o
d mzail Lir il 1 Hwrasl Gas 5 e % LaeY Birs
M et Berd Linierndlty 1 Matasl Gan 1 [N 100% % 15 Y
M ssachusess inesuie of Teohnalogy 1 Matsal das 10 WA A, | s




Heating System Data
i Haat
Dintretion
Bathod I % of Campun
Tostal Lirmar Fuard of B, 4 Thers Hasting Pips Conutruction Ensrgy
¥ of Maating Heating Pips |Suppty srcd | e Déuiritsrtion Condeie T Tunnetil | Reguimrsnts Ml
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m g T - 7 ™ 1 Fol 7 50 CETTT WA BT E1Y B0
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M Holpnke Codegs 1 ™ o 1o ek Ve 1o Lo 4%
PieTheastain B Lsivernay ! Hatasl Gan L L Hal Vinter W L BE% Ll
Cicriderial Dolage i Mool H P Dhag= HIE Bl HA Lo
(D Db Lindweriliy I Markasl s 5 B Hal Waled & Simis Tied L WA A
Ciiahrema Simts Lidesialy I Mabars Gaw H -5} Sierm T LL (159 o,
Pesitsyfvarsa Shale Lnbeersey 2 Coal 5 130 Stmarn T B (5% 1%
Etcenis Colege 1 Hanrsl Ga ] Bl iimier L L] L e
Pigntiagh Slale Linkwiulty t Piwhrsl e 5 b ] Eskam Ten % [ o
giresing Colége L A L Sheam HA LS Pk, WA
Purtiue Linkrsmaty (| Caaltmianl Gos - B3 Exrimm Feu bl Y % )
Fipasd Colligs I Borborsl G - RS rmm en () A A
Hrade Inlend Colags i Mabrsl Sa H1 1H ey Expam Yien ble .Y s L%
Frade Intwead School of Design T (= ] 3 ik SEmam ] L] Pk, B
[ T R g b ] Fiwtored G 3 iy ot Waler M 0% 100 T
Saint Josaph's Coliege ] Cosl | 1 A Sisam Yod i P, BN
farl Sramph'n L ety i (=] 3 3,000 Baeam Ties 150% o TN
Gan Diegn Shwie Liniversiy ] Mt sl Dol - 20,00y Shemm T L P, MR
Gan Jose Siade Lindesody e Hintirsl G 3 R HiA, A L Pih Fals,
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Heating System Data
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Table 3: Heating Equipment Detail

Univarsity Boller Typs Fus| Sirm Duardity
Bates Collega Clsirvnr-Geooka fetubs Hazurad Gas/Chl 25,000 it E]
Toral 75,000 dhhr 3
Bowhreg Green State Unvesity Hebraska wslertubs Maturs Gay D500 ihaftr 3
Tofw 255,000 lagty 3
Brigham Yoursg Univarsity Haboock & Wicca hal water boller Caoal 100,000 et 1
IBYWY Irssnational Lament Canl 50,000 sl 2z
B Woleana ol wils? Boibar CilNahsral Gas 150000 Eafl F
IE Wolcana hol wites bosber CilMatural Gas 500000 sy 1
Tofs! B85 000 jhatr [
Bucknsd| Uinkoarsity ERI Matural Gas TOL000 Eamil 1
Iradmk Mahsral Gas 70,000 EraTv] 1
Tamgella Matwsl Gas 70,000 mey 1
Tote! 210,000 thahr J
Bufter Unmeraity Clsmy e Brooks walsriubs Mahssl Gas 39,000 KM 1
Fonler waloriute Ml Gas 22,000 D) 1
Tota! a1, 000 thahr] 2
‘Cabformia Polyischrec State Uriversy Coamver-Broois Matwial Gad 20,000 e ¥
Tofs! &0, 000 fhshr] 3
Irtemasonnl Powe Flama vaciod witeiibs Mmural Gas 25,100 sty 2
Tora! 53,200 | 2
Coantrnl Michigan Linfrsriity Hinbraska Wiood Chip 560, 000 e} 1
WAk Mmtural Gas 75,000 loahy 2
Dotk Mimtral Gan A0, D00 il 1
Tots! 38,0090 it 4
Central Washangion Linnversity Clurver-Brooks walsriube Hatual Gas B 000 1o 3
Chairyer. Dircoka fretuba Hmtural Gas 30,000 sy 1
Toén! 2140, 000 ibahr i
Clgrnann Universty |ERI watnrtubs HR S0 Wists Heat 75,000 byl 1
(Claayar-Brocks winlsnude HNniwal Gas 75,000 e 1
Lirdon lron Works wadsmubs Coal 75,000 Te 1
Testal 728,000 b J
Coltry Calege |Baboock & Wikcox wainrhube # Fuel Od 30,000 i) 3
Tl 80,000 fewhr J
Coflege af Rew Jarsey HASG in conjunciion with co-generation ‘Waste Heat 43,000 1
Saipsior Mimtral Gas 40,000 bt 2
e Brocks Mol Gas 40,000 Ibat| 1
Suparior Maotural Gas 22,000 bt 1
Teatnl 185,000 ey 5
College af William sd Mary Cloane-Brocks wabedube Maohasl Gay 400, D00 el L
labcoch B OWisx witlsriune Haural Gas 560, 000 e 1
Haoabar wabariuba Matural Gas 60, 00 1l 1
Totaf 160, 000 ety 2
(Coilegs of Wooaber Wik Caal ), 000 I 1
Tot' 00,000 i T
Cohmbia Linivarsity Baboncs A Wicos walsiuibs CaliMatural Gas 300, 000 bl 4
Toh' 00, 006 kahr 4
Connectio College Urean o Works walediuta = ] 24,000 bty 1
Cambustien Engneanng waterube sl 34, 000 [ 2
Torsl 02,000 fbahr] a
DamEmoun Linnosrsiy T D @ Fued Ol S0 000 lf) |
Hatcock & Woos wabesiubes i Fual Ol 30,000 inehi 1
Hetrasha waterubs 5 Fusd O 5,000 Bl 1
Commusbon Engrbanng 8 Fusd Odl 70,000 bt 1
Tots) 175,000 ihwhe d
Dienison Universty Blabeock & Wicos Coal £ 900 ins’] 1
LArsow drcen "ok Hasural Gas 2,500 B 1
Chnaver: Smoks Watural Gas 5,300 et 1
Toial 13,700 dagt a
Dirmks Lnboarsity Chumyer-Bmoks Hatural Gas 18,800 Ioah L1
Total 67, 200 ety 4
Dliks LI vty [Fmbcock & Wiicos wainrubs Coal 100,000 Ibsh 7
Babcock & Wicox waieriube Coaal BE 000 1baT 2
Hadaiks watsitube Cioal 50.000 ity 7




University Baitar Typa Fiuesd Size Cheardity

Tatal AT 00 et 7

Duquesna Lniversey Clearvai-Brochs fretube Haburai Gas 30,000 Ibahi] 3
‘Wato hal bodler tom co-paneraton Waabe Haat 25,000 loa i 1

Tatad 115 0040 fmahr] d

Emory Linversty Fostar Whaalar Hamirnl Gas 100,000 BeMi 2
Baboook & Wicox Haturnl Gas 100,000 eh 2

Tots! 400,000 {hahr d

Seorgatoen Uresiraity Haryaiong watertube typa O ChyHanural Gas 100,000 foah 3
Total 300,000 thathr] k|

Secrgia instiute of Technoiogy LT Hotursl Gas B0, 000 et 2
FI& Ml Gas 80,000 Joav] L]

Tl G50 000 hetyr 3

Goalwn Collags Hnwil o ESSUMS St MHotursl Gas 171, 200 [Eat] 2
Tars 2 400 Inatr 2
Hnrding iniversty Parknd walaniune Hotural Gas 2,000 I 0
Tors! 20, O e 1w

Hownrd Linfversity Erghsh wilsriusg Hatural Gas 115,000 o] 2
Bancock & Whicon waterube Haturnl Gas 125,000 bt 1

Tora! J50.000 s 3

|caho Siate Linsersity Watertuta CoalNetural Gas 25,000 s 2
Wlariune Haturnl Gas 20,000 Bty 1

Tostnl T3 000 thshr |

(libynis Cantral Colege Flharf brer EBRSUTE Sl Hatural Gas Ml 2
Haat recoveny boller aftached 1o co-GRnarmtion Wasls Haal Pl 1

Taorad (A L]

|mincis Insaede of Technology Hiaal recavany boler ERCHS i co-GRratan Wasls Hanl 88,000 ipath 2
[T Hotural Gas 45 B0 Insity] 3

Tedal 278 DONT Inastr A

Indaana Universty — Blaomingtan Lasker Coal B, 000 o] 2
Erin City sproadar sioker Coal B0, GO ) 2

Lirkon Irom VWorks gasiod co-fiing sprancer 3ok er Hamurnl Gas 5, D00 TEri] z

T 825,000 [hathr] ]

| Statn LUniversity Ruslly chain grate Cowl 00,000 Erahi 2
Risily haer grate Coal 150,000 i) 1

Ruily stohsr Coal 180,000 sl 1

Redly stoker Coal 150,000 Bemin 1

Pyt Pereeil Pz bt Coal 170,000 it ]

Total T, 000,800 hehr] il

Jarress Madaon Linhearsity Wil Haturs Cas 25,000 ihah 2
‘Matertube Hatirs Ay A0, 000 [natv] 1

Attt Matursl Gas 25 000 Inat] 2

HiA Trash 10,000 Ibat 1

Totai THQ DOD Ipatr] T

Janina Hapking Lnivearsity i hor wiariubs Hatural Gas B0, 000 15l 1
|Bancock & Wicon Mt Gas 63, 000 1Bt 3

Totasl 70,000 Bahr ']

Kalamazoo Collegn Clagver-Brooks firmtuba Ml Gas A, 200 BT 4
Cloave-Brooks fretubs Mot Gas 7000 s 1

Claarotsr-Brocks frslube Hatural Gas B8040 Tnahy] 1

Tabal A3 800 thatr ]

Wansas Siate Universiy HiA Wazural Gas B0,000 et 1
M Hitural Gas £, 000 [hatr] 1

M4, Hatural Gas 0, OKD || 1

HUA, Hmural Gas B4, 000 Ib-at| i

MIA Matural Gaa 75,000 |bat] 1

Todn! 305,000 feshr 5

Kaare State Calisge Cladye-Brocks nntubs o Fued Od 14,800 hahr 2
Cindt-Brocks frefube il Fusl Cil B400 B 1

Tami A2, 000 faxhr 3

Hutztomwr Universsy HiE Croall 20,000 That] 3
A Haural Gas 35,000 bt 1

[ Natural Gias A4, 000 | e |

Tota! 125 DOG bty 5

Lavniar Lireesrsity |Setens firenbe Hntural Gas HiA 1




Undvarsity Baller Typa Fusl Slzw Duantity
(CHiay br-Brocs. AreiuDa Fntural Gan Al i
Sallers hot water Soilar Mtuesl Gas L 1
Totad A 3
(M pcalbiier University Watnnube Matursl Gak 25,000 |bat] i
Watsriuba Matural Gas 27,000 [bat| t
Wiatertube Hatural Gas 540,000 Ikt 1
Taral 107, DO Mnaty| 3
|Minrafaic Uremarsny Watertube Natursl Gas 2,800 Ibah 2
Weatnitubs Mmtural Gas 1,400 feaT] 1
Total T.000 inat a
erlrJ'uuu‘.Hn:hhll of Techinoiogy Haent fecavary 1AM Ganeraics ATREhed 1o Co-ganaraton ‘Wasts Hanl A5, 00 Inat 1
Blackid boaler O B5 DO bt ?
Tt 250,000 loaty ?
Wiassachusalts Martme Academy iy o -Seoon ) watomioe a4 Fuel Od 28,200 loath 3
Tots! £S5, 000 thatyr 3
Mesizal Colloga of g Baticook & Wicss Coal 70,000 i 2
Bancock & Wieey ool Gas 710,000 [pat 1
Wiches Coaal 40,000 Ihate] 1
Tos! 250 00¢Y Ihadtr] Ll
Wichigan Starie Universty S T Coal 250,000 lnah 2
|Ena Cay wannriubs Coal 350,000 Ibat 1
Tamipalln wabeitube Caoal 350,000 Ibahe 1
Toin! 1,200,000 \nutr| 4
Wl Tarneases Siate Liniemsity Hoat fecavery boder abchad 1o co-Hanaancn Wastm Hani 80,000 Ibatr| 1
By Blar Motural Gas B0, 000 e 1
Toial TE 000 thaty| 2
|Maidiabury Cobege Babcock & Voo o0 Fuel Cd 45,000 [haty) 1
Wickes #4 Ful il 25,000 Ibah] 1
Zmi 85 Fusd Cd 25,000 Ibahy] 1
Cladrens-Brooks o Fual Cil 22,0000 hat) 1
Tarad 142,000 lhaty, 4
|Minnasctn Suate Ureostsity ot Moohised High prassurn sinsm boder Matural Gas 54, 7040 Inauh) 3
Lo prEasLrn sheam boier Maturel Gan 20,004 bt i
Tomad TE2 500 ipaf) 4
Menana State Liniversiry Bros site-erecied O-fama Maturel Dan 100,000 inate 1
Walbraskn packaged A-rEme Maturs Gas 100, D0 Ieait] 1
Habraska packaged A-fame Hatursl Gas 50,000 Ipahy 1
Tofa 250 604 lbatr 2
Mt Holyohs Coilage Watariuta 9 Fusl O3 201,060 Ikatv] 4
Watnrtuba i Fued Oil 0, 000 bt 1
Tofa! OO, GO0 Inastfar 5
teorthamsbem Broo Universty L] Hacursl Gas 15,000 Ipafy 2
Irtamatcnal-Lamont Hoanrs Gas 15008 Ipastr| 1
Toinl LYY a
Diecidental Colege R Haturnl Gas L0 4
Toil 9,700 ibahr] Fl
Ctvo Siats Linnearsity Haainr Htural Gas A0, QN [T 1
Exim Siry Warturnl Gas B0, 000 () 1
Babenck & Wicos Hatural Gas 220,000 bt 1
Baboock & Wilion Hatural Gas 00, 000 |t 1
Babooo & Wicox Hatursl Gas 100, 000 (B 1
Vogt Coal B0, 000 bl 1
Tadad G, 000 (et &
Dt Stadn Lniversty LIS Hansal Gas 40,000 e 3
HiA Hothsral Gas 100000 It 1
M, Haotual Gas 125000 ExMi) 1
Total 345 060 fhhr] i
Pannayhania Stain Univerety Wickak Coal 110,000 et 3
Era City Caal 170,000 mehd 1
Baboock & 'Wicax Naturai Gas 80,000 inrahi) 1
Kenlar Hatural Gas 100,000 e 2
Teiw! &0 (00 that] ¥
Fripares Collagh Salect firatite Haturm Gas 8,370 i 2
Tidal 16,740 et i
Fmsturgh Siae Lneysraty Habraiis wstinute Haturnl Gas 5,000 st 1




Uniwerainy Boilar Typa Fual Sisw Duentity
Habraskn watoriuba Hatursd Gas ¥, 000 Toam] 1
Habraskn watnribs Hatural Gas 5,000 1wt 1
Tarai A7, 000 fbetar] - |
Purtua Unrosraity Fagtar Whasler walsiube Coal 200,000 b ¥
Baboock & Wilcos aprasdar sioks Coat 100, D00 164 Fd
Combustian Engireanng paciags bolor Hadursd Gias 160 000 1ot 1
Tatal 540,000 Mhat 4
Rewd Colinge ‘Wabtnribe Haeurnl Gias 13 00 ibaha 1
Wabaitu b Haturnl Gas 15 000 e 1
Teadal 28,000 lhahr !
Rrexds Iuand Collaga Watertuba Matural Gas 34, 000 i 1
|Backup walariube boder Maturat Gas 34,000 mahr 1
‘Aasha haal Bodar Fom co-Janeabon ‘Wikahe Hanl 13,500 B 1
= B, 500 thahr] E |
Rhoda isiend Schoct of Dasign Claamind-Brooks wobstube % Fusl G 17,000 B
Clitarnnr-Brocks wabamud #5 Fusd Cal 30,000 R 1
Todal 64,000 fawthr] 3
Hochasier Insziule of Technology Lt wird it Natural Gas 37,500 Ibuthi] 2
Larmsnt ot Matural Gay 25,000 e 2
Lamaont waisriuba Mol Gas 52,000 et 2
Larrnt waisrtuba Fatursl Gas A5, 000 Ibat 1
Tola! T OO (eatr [
Saint Joseph's Colege {Erte Ciy wirlsriuba Caal 25,000 kst 1
Fopalar wirbituteg Coal 3, 0060 [ bt 1
'Mckies waterubs Coal 5,000 [t 1
Cinaver-Brooks finmtubs Conl 580K [T L]
Tirla! 65, 600 Ibutr i
Saint Jedaph's Lineersty Johinaton Arebibe T 13,700 Ibatw z
Clumyer-Brooks firstubs o 0,400 [bat] 1
Total 48 DO IBater 3
San Diego State Lintseraity Wasle e boiler from co-generation Wasio Has 1d 000 [bahr] 1
Supplamantary bolars Hatrsl Gad 25,000 It 1
Supplamantary bolers Hadurnd Gas 47 000 Tt i
Suappiamaniary boilers Haturnl Gas 10,004 ibstr] 1
Total 118,000 Jhath] 4
Shppary Rock University |Baboock & Wikcas CoalNatural Gan 200000 Ihathr 2
Fenler il 4 D00 inaha 1
Fsalar Coad 23,000 e 1
Toda! TT,000 thathr] i
Soimamn Mathodist Uneeesity Claavar-Brooks wilstubs Oitosural Gas B0 000 Fsh] 1
Hodman Arniuba Hatural Gas 30000 Tt 1
(B watermube Manurnl Gias 00 D00 I 1
Tedal 198,000 thathr] 3
Soutamn Oregan Univaraity Wnbertube Hatural Gas B 400 Bahi 3
At Naturnl Gas 1.2, 600 o] 2
Tl 50,400 faphr 5
St Mary's Calagn A Coal 0,000 It 2
LA Higturs! Gas 30, 000 fonhil 1
Todnl 170,000 ftahr 3
Stanford insversity Eigikrw Starking FHE 30 Hatural Gas 0, 0040 Tt L]
Eackup bollar Haturni Gas 80,000 Ibwhi 4
Tedal 720,000 s g
State Liniversity of New York al Potsdam v - Brooks Hetursl Gas & D00 [l a
Total 130,000 s 2
| Statn Liniveraity of hiew Yok at Stony Brook |Erim City-Hay storn walnruba Hitursl Gas 85,000 iba'hr L]
Combuston Engineenng waiaruba Hazural Gas B, D00 i 2
ey walsrtulbs Matursl Gas 50, 000 [baT] 2
Tl TN, MM (o] ]
| Swearthmarne Collega et T <Dlvar Hagural Gas 30 000 et L]
MR Hazursl Gas 25,000 Ibahr 1
iR Hagural Gas 10,000 bt 1
Todal 65,000 fashr E
SyTicusa Linneardy Ry wkar Haturnl Gas 150,000 bt 2
|Baboock & Wikoax Haturnl Gas 00, D00 T 2
Total SO0, 000 T 4




University Doller Type Fual Size Cruantity

Teoms AEM Universty Ty Hatral Gan 100, D00 Tt 1
A Hmural Gan 175,000 Iam 1

HREG in compunchen with co-generation ‘Wasis Heal 175 000 IBati i

1Y Hatural Gad 300,000 Ibah 1

Todal 50,000 Jhat 4

niver sty of Alaaka — Facbanks Hay o Coal 25,004 ihuhr] 2
LTrY ol 50,000 e 2

Fnat recovary bollar afinched 10 co-gararation Wiasin Haas 18,000 Emehi 1

Total 166 000 fhxhr 5

Linvmraity of Arvansas Faenlar waisiuba RS 40 D00 B 3
Babcock & Whicox waterfube M B0 000 i 1

|Batcock & Wlicon witeilube HiA 100, 000 et 1

Total O3 000 faahr -]

Liniversity of Caiformia Barketay Erin City wistnrsubes | hackup) Matural Gas 80,000 bt 3
HRSG in Conpunction wiln co-genarution Weasts Haal 155,000 BT 7

Tote! A 25,000 Tsate ¥

Uiniversity of Catfoma Log Angales Haat nesavary Doilsr AEsthad 1o co-genarstion Vinabs Haal 117, 000 bt 2
Tota! T4 000 Ieatar 2

Lincemrsiry of Caaformia, Riveics 1Bm & Wicox waletube Moheral Gas 34,000 |t 3
Babeock & 'Wiisx wiitertuing Mohsal Gas 5, 000 Ibat 1

Torad T4, 0043 Ipafar 4

Uiniviraity of Caifornia, San Franciscsy A ity bosbers Mahsral Gas 60,000 haiv] k)
Haal recorsfy Dodler AIRCTG 19 CO-Janarition Wasls Ham S 000 bt 2

Torad 268000 Jhaty 4

LUiniversity of Caniral Aruansas [AERCD watarsubt- Natwral Gas 2 000 Ity i
AERCD walnriubes Wtural Gad 1,000 ] P

Tolad 5,500 st 4

Uinewanaity of Codarsds i Boukier HRSG n conuncon with co-ganeration Wastn Haan B0 000 et Fy
Tola 160,000 Mzt 2

Linirsiraity of Diblanwarn FilA, Hmursl Gai 50 000 v a
MAA Hatural Gas 50000 fosthi 2

MlA Hatural Gas 750,000 e 2

Tota! 3,300,000 fyhr 1

Limmweraity of Evaravile Claavnr-Srocks Hatiral Gas 18,800 Bt 3
Lt Hmurnd Gas 44,000 B 1

Tofad 0, 000 (s 4

Linivarsity of Georpia Combustion Enginesring Hagurad Gias 30, 000 B z
Tuim Hatural Gas 128 B30 (Bt 1

K eeder rotary sioer Coai 2 500 bl 1

Tl 483, 400 et 4

Linswaraity of ioane Febraskn Wood Chip B0, 000 BT 1
LIS Hatursl Gas 24, 000 [y 1

Combusbon Engiraanng Hamirn Gan A5, 000 el 1

Tofs' 16T, DOS fedhe k|

Liniversity of llinoa East Campus Irenmaticnal Natursl Gas T35, 0000 | bt 2
LY Hatural Gas 50,000 bt 1

Canron Godes haal recovery Weasts Haat 340,008 |t 4

Tord Rl ilinty T

Uneviraty of Lowrivils Wogl wirlertube Coal 5, G0 bt 2
gl wirlaLna Coal 545,000 bt ]

Totad 205 004 [ty a

Universty of Manylana at College Park Ry $aoinr palanced dad HiA 123, 000 bt 1
Lirwon ko Works bafanced draf MHiA 157,000 [batr 1

Lineon kron Works bafanced draft Mk 147000 1) ]

| Banooek & Wileex prodsofied bolar A 841,000 bt 1

HEbraska prelsunized Doder A B0, 030 It 1

Total 545, 000 Inatr -]

Uriverscy of Massachusens Ambart FUA Massal Gas, v, Coal B0, 030 bt T
Tofa! 560,004 1baty r

Uriverssy af Memphea Falr kA watetile Hatursl Gas BO,000 Ibsity ]
Wy walsrLng Matiral Gas 840, 003 It a

Murray wateriiba Haturad Gas 403,000 Ibaty] 1

Tofs! 240,000 Inaf 4

Uriversay af Mechigan Combusbon Engineanng Hatural Gas 110,000 Ibat] 2
Combushon Enginsanng Natutal Gas 220,000 Ibaihi (]




Uniwaraity Dalker 'I'rp-u Fusel Sirm Chrantity

WACHES Matrn Gas FFERCOITERT 1

Murmay Matiral Gas 150 000 bt 1

|Frnsar Wtaalar Matural Gas 250,000 |ba'hi 1

ZurmHayAloos hnal recohary A188M Gernaralo 'Winale Heat 85,000 1w 2

Total 1,105,000 \hg'ty a

Lindsarsity of Minrmsals Dusshn Fabraina waleriuba Hahral Gas B0.000 Bsh i
Mntrmas walnriuba Hatral Gas B0, 000 B 1

Mntraska wainriuba Hharal Gk &0, 000 B 1

Teda! F04,000 fazhr) I

Lirvwataity of Minrssala Minnsapois Foster Whasber circuilnting fudeed bad Conl 200,000 e 1
Foater Whester watortube package bodar Hatural Gas 200,000 e 1

Foabed WAasker watarubie package boder Natural Gas 250,000 |bahi 1

Wl ot Haturnl Gas 150, 000 (B 1

‘Walertute Huturl Gas 100, 000 b 1

Tota! P00 000 Mt ]

Uriwdstily 6f Mirinassla 51 Paul Foster VWhasier woleiube Haturnl Gas 250, 000 1| 1
rinbraska watartube Haturnl s B, D [ 1

Walariuba Haeurnl Gias 24,000 Ikt 3

Walnriuba Haeurnl Gas B3, D00 1wt 2

Total S0, 004 Iatar) &

Ureeersily of Messour - Cobombia Wickes Kloker Coal 75,000 (ke 2
Riliey apramdar Coal 125,000 Ibsity] 1

Hiley spraadar Coal 200,000 Tbat] L

Riley circutating Suidaed bed Coal 150,000 Ihah) s

Zum 0 alyla Matursl Gas 220,000 Insitv] 1

Toral 8 00 thet] T

Urwwwrsity of Missoon - Kanaas Ciry Farntuts Matural Gas 18,800 Insity] 2
Firnbuba Muotural Gas B 200 Ihst 1

Firntuba Hafurs Ga 18,500 s 1

Farutuitig Mol Gas 7,000 mah 2

Toral 85,550 Mhuhr r

Uriversiry af Mew Hampshire Baboock & Wicax walsriube BE Fusl Ch 35, 000 IbaT) a
Family winlnriubn B Fusl Oil 38,000 Iba'hn 1

Clmaver Brocs frohibe B Fuial Ol 12, 000 (BT 1

Tars 178,000 it L3

Lirevaraity of Miw Maaico Wy M Gas 00,000 B 1
Baneock & Wissx Matral Gas 04, D00 It 1

Combustion Engineanng Matural Gas 31,000 st 2

Baboock & Wiloax Matural Gak B, D00 | b 1

Nahraskn raat meenany \Wastn Heal 17, 00 b 1

Taorad JA5, (0 ibastar] ]

Urweersity of Morth Caroling st Chaped Hil Fryrcs Poswad willaimusn ciculesng Auadzed bed Coal 260,000 It 2
Ena City watertine Coal 150, 0O | bt 1

Tirtad S50, 000 Inaty] a

Urwaadaity af Morhem lowi Ena City wabtertuse Coal 0,000 i 2
Babeack & Wisax waleriuba ol 120,000 It 1

Pyra Powar walarmuts Cosl 105,000 Ibatv] i

Takai J45 000 lhat L)

Urweersity of Pizsburgh Haboock & Wileas wiokar CoalNatural Gas 100,000 nat i
Spningfiedd Wastinghousa Cral 85,000 bt 1

Zum CoalNatrnl Gas 100,000 na 1

Spangheid Waslirghouse Coal 75,000 et 1

Zum CowlHatural Gas 106 500 1

Zum Watural Gas 150,000 e 1

YA Hasural Gas 150 000 mahi 1

Tars a0, 600 (huhr| r

Uity of Rechaiar Haboack & Wiloax stoker LAY 150000 mah 2
Babeock & Wizax chain grain [ 1001 00 Inahe 1

Haboock & Wikcox package boder KA 1001200 mah 1

Tatsd 530,000 thetr +

Linevarsity of Soum Dakots Murrny HNatural Gas A0.800 Bt i
|Baboock & Wiicas Hazural Gas 50,000 Brhd 1

Tars! 100,000 thehr] Z

Linivarsify of Taxas at Ausiin ol walsrtube Hamirnl Gas 75,000 Bt 2
gt watertube Hatural Gas S0 D00 B 1

|Bancock & Wicos waleriuba Hetural Gas 150000 e 1

Wogh HRSG Haeural Gas B0, 000 B |

Voglt HRES Hatural Gas 788,000 ] 1

Tats! 1 146,000 thahr 4




Upsiversity Boiler Type Fual Sire Cruznii

Uriversidy of Texas al £l Pasa Clnarser-Brooks Hahoral Gas 2,700 bl 2
Claavai-Brocks Hatural Gas 148, 200 |bafhi] 3

Taral S OO0 Mesa iy 5

Urdwarshty af Virginia Hil& Coaltdmumnl Gas 80,000 |be™r 1
LIt i Fusl CilTiatural Gas 50,000 |behi) 1

HiA CoalMatural Gas 20, 000 |l 1

M, Caal 72,000 Insh 1

[T Caal 45,000 Ibuni) 1

Lt HNatural Gas 7,500 bt b

Tofa! 02,000 fahr| ¥

|ty of Waaningion Failly wabaribe Matural Ga 120,000 Ibs} 1
|Eria Caty watnriuba Hatural Gas 250,000 ey 1

Foatesr Whassar Hazirnl Gas 0,000 [bshil 2

Tedal T70,000 fashr] d

Universty of Wisconsin ol Madisan Zun Coad 100,000 Tl 3
ZixT: Coad 200000 B 1

ZuT Coal 300,000 B 1

Trars:Mumay Hatural Gas 150 000 Tsty 2

Trarms-Murmay Haturnl Gas 300,000 B 1

Tatal 1,100,000 dhathr ]

Uriweraity of Wiaconsn ot Miwausss Clamrver:Brooss wts fubs Hatural Gas 120,000 tash 3
ClamverSrooes watsrubs Hatural Gas 80,000 ity 1

Tars' 470,000 (et a4

Lineversity of Wisconam ot Sioad Wartnriubs Coal 100, 0060 It 1
Walerhum Coal A5, 000 [T 2

minriuEm Coal 15,000 bt 1

Tota! 205 000 Lhaty a4

ieginin Palyischnic Insteute and Siate University Fi by wiarnrtiitn Caal 00, DO et 1
Eni City wairriuoe Caal WK, DO | bt 1

aaler waberbube Crlmniural Gas T2, Dl | e i

Tiadal 418,000 [batr 5

Wallasloy Colage Hebraskn walsmuis A5, O | 1
Zum 45,000 bty 1

2um i, OO [ bt 1

Wagor Piukis fsant recoroary Dollars Waate Hoat 2.025 ] 4

Krsanee Sretube convertsd o wanis Faat will suxibeny frng Wasts Haat 17,000 bl 1

Tots! 15, 000 i ]

‘Wasiom Michigan Univarality ‘tickns Hatural Gas 50, 000 byl 3
Ena C2y Haturnl Gas 1 50, 000 fe sl 1

ki Hatural Gas 150 000 Raty) 1

ER| haai recovery sieam penadatar ‘Wasis His 85 000 Tostv] 2

Teatal SO0, 000 ety ]

Wilinme College (Combiishon Enginesstig wilsriuoas P& 70,000 et 1
Kkl WRORTLI DS Mk 565,000 Ipsih 1

Habraska watertubae M 70,000 hahy] 1

Tafal T8, OO0 Lt 3

Vs Lireverssy rabraska Hik 28,000 bl 2
tebruska Hi& B0, DO st 3

Mabrasks Hik, 70, 00 | et 1

Mabraaka WA A0, D00 It 1

Hebraska heal recavery Waate Hant 80, DO bt k]

Tetnl (0 D TBfr 10




Table 4: Cooling System Data

Cooling System Data

Total Linear Feeat) % of Campus
Single or Multiple of Cooling Pipe Cooling Plpe Conatruction Energy
Contral Coaling | Total Capacity | Thermal Storage| Volume of Thermal | (Supply and % Tunnels! | Requirements Mei
University Plant(s) |toens) Moihod Storage Ratumn) % Direcl Buried Vaulis by Cantral Plani|s)
Arzona Slalm Unversity veesl Campus Srngie 30000 Chiled vealar | 200,000 galians 5,000 0% 1007 B
Hales College Muttipla B40) MHonn A 2,000 100% 19 E%
Bowling Green State Univorsiy Hona HiA HiA NI HiA HiA HIA MNi&
Brignam Young University Honm WAy HIA MiA Wiy Mia L1EY ik
Buckned LUniversily Single 1,600 Hone LT 8, 000 TR 3% 50%
Bulker Linidarsity Single 1,800 None NiA HIA 100% e %
Calfornea Polylechnic State University Singlo 1,200 Hone MNiA 10,000 S 50% B%
Caifformia State University, NHorthridge Single 3,750  Cnilled Walar 2,300,000 galions 0, 8008 100% % E5%
Central Michigan Unieersity Single 6,200 Honm HiA 32,000 100% [k B5%
Central Washangion Linkiaraiy Single 28650 Chillod VWaler 1,000,000 gallons. 21,000 100% % 0%
Clmsan Unnersdy Muhipia 8, 800 Honm M 15 DO o 10% =0
Clevelard State Universty Multipla 70008 None MIA 40,0001 0% 100% 755
Coty Collage Hona Mt MEA, MiA iy HIA Hif MiA
Codnge of New Jarsey Single 42008 Hone HiA 50000 100% % B
Codlsge of Wilkim Bnd Many Nona MU Hih MiA M MR HiA M
Colinge of Wooster L T) Hia A, MiA My MR M, Hin
Columbin Uireearsiy Multipla 12,000 Neona M 29,600 25% T5% aT%
Corsticul Collagpn Hona MR MiA MiA Mg HIA MiA HiA
Cormall Linfvorsity yfuplo 200000 Chillsd Walar 860,000 galans B, oy 100 0% 100%
Dlartmouth Linsearsiy Multple #, 5008 Mo HiA 5,000 10% 0% 30%
Danson Universiy Moo Mg MiA HiA A A MiA HiA
Cirake Linfversity Multple 1,200 Hona HA 7,000 0% 0% T
Duka Universdy Singla 2,000 MNona HiA 31,680 100% 0% HIA
Cruquasne LUnkorsity Swnda 2500 M HIA RN HIA MIA GO
Emory Lineearaily Hoarae M MiA HiA M Hi& MIA WA
(Gaargatown Linhersity Lirscrecss, il == 1 1250 Chitod Wator 10,000 lon-howss 20,000 T5% 25% 100%
Goorgin Instituts of Technokgy Murtpls 11,0008 Mana HIA My HiA MIA A
Gosten Cobegs HNone M H/A (LIS LI Hi& MA 1
(Hardng Linkoersity Musighs 1,650 Mara HiA 10, 000 0% TG B
Harvard Liniversiy Singla 13,0000 Hana NI, 10,500 100% 0% WA
Haoward Uinreorsity Uk, but == MY L M, A HiA HIA i
Idnho Stobe Linnnarsily Hane i Hia A, K HiA HIA MiA
Ilimois Central College Singhtt a0 Mg [ 1) 2,000 MiA HiA E0%
lilnois insteute of Technology HIA M WA MiA A MiA A A
indizna Universsy — Bloomingten Srige 12,9000 Hona M, 30,0008 100% 0% 50




Cooling System Data

Total Linear Feat) % of Campus
Single or Multipla of Cooling Plpe Coaling Pipe Construction Energy
Cantral Cooling | Totsl Capacity | Thermal Storaga) Voluma of Thermal | (Supply and % Tunnols! | Requirements Mot
University Plant{s) {tons) Muothod Starnge Raturn) % Direct Buried Waults by Central Plant|s)
lorwin Stare Linhiersity Singia 12,0008 Hone ) 30,y 100% 0% g535
James Madson Universiy Smgha ERLES Monn M 12,00 100% 0% ANt
Jahns Hopkins Universiy Mutpis B, 500 ([==] 22,000 1on-how's My 5% T5% T
Kafamazoa Callega Singla 1,000 (=] 4,000 fon-hours 8,000 100%: 0% B0%
Korsas Sials Urivessiy Singla &40 None WA Hiay Nig HiA A5%
Koane State Collaga Hons S MiA NIA i MiA BiA MR,
Eutrtoem Unevarsity Mona M MiA MR L M MiA WA
Lamar Unhersity Muitiple 4 Do) Honn WA Hiny % 100% TE%
Macaksier Linivarsity Singla 1,080 Ice 400 ton-hours 10,000 a5% B5% a0
Mansfinid University Mo M5y MiA MR A HIiA A 1Y
Massachusatis insiitute of Technology Mutiplo iy Hora L hiig Wrgy HiA (LY
Massachesots Marilime Acodemy Mo i MIA MA EA MIiA M HiA
Medzal Collega of Ohio Mona HiA HA L A K& A A
Michigan Sigte Linkersiy huitiplo 27,5008 Mone L 22,000 00 0% 3%
Kicdofia Tonnessoe Stale Lnversty Sirgle 6,000 MHorms: MR 21,000 o 100 S
NMiddiebury Colleps Mo i HiA HIA HiA HiA HiA HIA
Minnnsola Slale University ab Moarhaad [ MiA MiA BA My A [T MIA
Montana Stals Unversiy Mona M MiA MIA LR HIA A A,
Mount Holyoks Collape Hona i i HIA P WA MiA A
Morhaastom Hinoes Uinévorsity Single 3 B0y Nona MA By B BEH o0
Decidental College Single 1.000 lca 1,500 Lon-haurs iy WA B M
Cihin Stale Universdy Single & D00 Mona MiA 10,000 1% Ea% 15%
Oklahoma State Uinivarsity Whuliiple 16 200 Hone MiA 53000 a5% 5% BO%
P ennaylvarss Slala Universdy Hona Mk MiA A iy A, MiA HIA
Fhoani: Collaga Single 25008 Mora MiA 5,000 14% B 9%
Pillabuigh Stade University Mo MiA M MiA (SR HIA, MiA HIA
Pomang Colegs Hona A HiA HIA LR WA MiA WA
Furdug Uiniyersity Sirgla 20,000 Mona A My A00% 0% TEN
Reed Callégn Mons M i L M HIA HiA KA
Rhoda island Coliage Hons My MiA LAY M HiA A LI
Rhode lstand Schood of Design Single A Mora MIA My HiA A 15%
Rochesier inslibuls of Technology Multpla 2 400 Mo MIA Wiy % 100% T0%
Sant Joseph's Colkege Mo Ay M HNiA Hiay Nigy A Ni&
Saint Joseph's University Mana My HiA HiA M i, WA A,
San Daega Staie Universily Mulple 4000 Chiled Watar | 2,000,000 gations Ha NiA HIA M,
San Josa Slale Universsy Single 4 Dol Hora MIA A M, WA MIA
Stppary Aock Ureversity Mo M HiA A L) MiA A MiA




Cooling System Data
Total Linaar Feat % of Campus
Single or Multiple of Cooling Pipe Cooling Plpe Construction Energy
Central Cogling | Total Capacity | Thermal Storage) Velume of Tharmal | (Supply and % Tunnels! | Requirements Mot
Universlty Plant{s} {tons) Mathod Siorage Retumn] % Dirsct Burled Vaults by Central Plantis)
[Feutrerm Mathodist Universiy Singin 12,00 Hona HIA 21,600 1% EI% BE%
Soulhesm Oregan Univorsity Singlo 1,550 Hona HiA H,B00) 5% h% 0%
51 Mary's College Singla 1,200 Nona MIA 20,000 0% 100% 5%
Starford Linfvarsity Singla 20,0001 =] 00 000 ton-hours MU MiA MEA MiA
Stats Liniversity of New York s Potsdam Single G501 Mona M 3,000 S04 50% 3%
State Liniversity of Mew York at Siony Brook Muftple 23,5008 Mona MU 40,000 25% TEY 0%
Swarthmare Cofloge Single 00} Mo A, 4 000 MiA LAY 15%
Syrmouss Liniversily Single 4 5008 Nona NA 30,000 Gh% 5% WA
Taxas ALM Uinecorsity Mullipda A0, 000 Rone HiA HiA, KA, M HIA
Texas Toch Universdty HUA WA ha i, i, KA LT MIA
Thundesbird, The Amarican Graduale Scheel of Imermatona! Manogament Mubiphs 1,100 Hona MiA 8 B0 100% o AT%
Urivors®y of Alaska — Faitanks Singla B Haore HiA 5 000 100% % 0%
Urevnrsity of Arkanaas Mutphe 10,300) Nons WA 12,000 10% 0% 100%
Urivarsity of Calfomis, Beknley Mona MiA MA WA M M MiA A
Urivarsity of Calfomin, Les Angelas Single 16 500 Hea A i, ooy WA HiA A,
Univarsity of Calfomia, Riverside Single 5750y Chdled Water 2,000,000 pafions 22,0000 5% W% B,
Univarsily of Calformnia, San Francisco Hona HiA Kpna MR i HUA, M HiA
Universily of Central Arkansas Mullipia 2,150 Ko MiA B,300) 100% o it
[Universily of Coforndo i Bouider M B, LY L1 R HA L1 M
Univorsidy of Debawara Mutipla 3,700 Hane MIA 20,1000 7% 13% MiA
University of Evansvilia Singls 1600 Chilisd Water 50,000 gahons WA 0% BO% B5%
Universdy of Fionda Muhiple 380003 Mo LY HIA 5% Lt Ba%
Urévarsity of Georgia Mo A M A hiny Ni# i, Wis
Lirevarsity of kdaha Mullipia HA 10,000 10% = 50%
Uiniwnrsily of (Mo Esst Cirmpus Sirigln HA 16,0050 10% W B0
LUnivarsity of lows Mullipia HiA B2 7104 B0 10% 55%
Univarsiy of Loutsyill Sngla NI B.000) 5% 5% T5%
Universily of Maryland al Colegn Park Mukighs HiA HiA 100% %% B
Uriversiy of Massnchusetls Amhars MiA A L HiA MR, MiA
Uruversity of Marmphis Singla LI 32,000 100% 0% T0%
Uiresersity of Miaml Multiplo WA 5,000 1D0% 0% 50%
Urivarsity of Michigan Nooa L A MiA WA MiA
Linivarsilty of Minnesota Dulush Single MIA 5,000 o 0% 15%
University of Minnesoin Minneapalks Muiflipda MiA M HIA, MiA N,
Univenady of Mnnosotn St Paul None MiA By W& A X1
Linfversdy of Missour - Columbia Muibtipss A 4B, Doy G A% T5%
———————— ety et oA Sy Enige MiA Na'.n| 100% 0% B0




Cooling System Data

Total Linear Feat % of Campus
Skngle or Multipia of Cooling Plpe Cooling Pipe Construction Energy
Contral Cooling | Total Capacity | Thermal Storsge| Voluma of Thermal [Supply and % Tunnele! | Reguirements Mat
Univaraity Plant{s] |tona) Mathaod Storage Ratum) " Direct Buried Waoulis by Coniral Planis)

Uruversity of Mew Hampshire Kone Ky M HIA HA A MIA A
LUniversity of Hew Mexico Mubipls 8,100 Hone LY 1,000 20% BIr% a5%
Univarsily of Motn Caroling al Chaped Hil Mulipha 24,400 Hona LY 53,000 100% 0% 100%
Universily of Nomham Colorada Sngha 1,000 Hare HA, 5 000 L B5% 60%
Univarsily of Northerm lowa Hare A LAY KA, MR M BiA MIA,
Univmrsily of Permsyleania Mutiples a0,000 lca 2,000 lon-hours 26,000 100%: 0% 5%
Univarsily of Pilsburgh Mullipla 10,5008 Hone A, 5,000 100% % S0%
Unvarsily of Rochoster Binghe 23,000 Hore HA, 30,000 100% 0% 100%
Univarsily of Soulh Dakola Hona A LAY LT MR HiA MR Mg
Linsweraity of Taxas at Austn Mutiipla 40,8003 Hane WA 89,220 15% BE% aT%
Univarsity of Toxas al El Paso Mutipis 4600 Chilled Waler 3,000,000 gakions A0, 000 % 100% B5%
Urevarsily of Viginea Muhipa 31600 Chilled VWaler KA 57,5000 % % 100%
Uinivarsity of Washington Singht 12,0008 Hane N, 500,000 10% i 0%
Urevnrsity of Wisconsin 81 Madaon MuHipia 44,000 Hone L1 A HiA HIA HiA
Uriversity of \Wisconsin 8 Milwaukoo Singla 8, 5003 Hone WA 18,000 10% B0% B5%
Ureversity of Wisconsin of Slout Nona MR MA L) Hray MiA WA Mg
Wirgina Pofytachnic instiuie and Siate Univorsdy Singta 5 4000 Hone HiA 15,000 1D0% % 5%
Wodasloy Cofiage Singln 221060 Hone WA oy M IR 45%
Winstem Mathigan Urniversiy Koria ey Nona M, [ HiA A Mid
\Wilkams College Mone hired WA Ris, LU MiA RUA, MiA

W ola Linivorsity Mulipsa 11,2000 Chilled Waisr 3,000,000 galions 16, D00 5% B5% 50%
|Sum jof Institubions reporting data) B 1,436,818




Table 5: Cooling Equipment Detail

Univarsity Chillar Type Biza Quantity

Anzora Slala University Weat Campus Trane pactnc 1,00 1o 3
Tadnd 3,000 fons 3

Bales College Carmier cenlrifugal 30 1ny 1
Trann scrofl 2000 fonsy i

Tl B0 fans 2

Bucknad Univarsiy Carmir apsonplion B tony 2
Todnl 1,604 fans 2

Butlar Linkvarsity Carmor alecing 500) tons 2
Carmar aleciric BOO tons 1

Tadnd 1,600 fans 3

Calfarmea Pofyinchnic State Univarsily Carrior alecinic 15040 tons 1
‘York plectno 600 tons 1

Tond f, 200 fans 2

fiork glachie 1.250 tons 3

Todal 3,750 tons 3

Ceniral Michigan Liniversity Yok absorplion 1,250 rony| 1
ot carriugal 250 tons 3

Tota! £,000 fans 4

Central Washnglon Lineversity MeOuay canirifugal 1,200 tons| i
Meuay canlrifugal B00 tons 1

Carrior centrifugal 550 tons 1

Todn 2,550 rans 3

Cleenann Universiy Cartier plecnc 1,300 tonsd 2
Teane mhecins 1,600 s 3

Trane ateorphbion 4,000 tons 1

Toum! 8,530 fans &

Chaveiana Stata Universiy Trana alecng 1,000 ons [
Trana mlsciric 500 tong 2

Tods! 1,500 fang ]

Calloge of New Jarsay Trana abscrphon 1,000 tons 2
Trana absorpbon 500 ks 2

Trana aleciric 1.500 tons 1

Tobal A 200 fans 5

Columpla Liniorsity Trwna aleciric 1,100 ions ]
Yark slasm lurbing 2,000 sorisd 1

Camar staam absompbon 615 tons L

Total 12,004 rans 12

Cornll Univessay Mutipla alecing chillers 10,000 tons ki
Lako source cookng 18,000 fons 1

Tiatad 28,000 fans 7

Diartmauth Uiniversity York psomiion GED tnns 1
York absomption 5ES tony 2

Yaork slaciric 650 tons 1

Trans absorpion 300 jony 1

|Meuny absarplion 350 tong 1

Tafal f, 500 fans &

D Linivarsiy York slacne canntugal 500 1ony 1
Trane aleciric centrfugal B0 e 1

Tafal 1, 2007 fons 2

Cuke Lirecarsity Trane COHF 2000 alecine chller 1,000 fons 2
Tital 2,000 tons 2

Dugoasne Liniversily Trane aosarplion TE0 Ions 2
Tranm absarplion 1,000 ors 1

Tt 2,500 lons 3

Geargatown Linversey Wierhington staam-drison contrifugal 2600 lons 'y
Carrier fiacing centrfugal 1,650 lans 2

Yok alecinc canirifugal 2,000 tan 2

Tolad ri‘.mlnnﬂ L]




Univarsity Chiller Typa Sizs Quantity

Garorgia institula of Technaology M, 1,300 o &
MR 1,500 1ons 2

Taral 000 tons i

Harding Lintersty Trand ahesire 330 Lowre 5
Toral 1,850 lons 5

Harvand Linivarsily Canmer aleciric centrifugal 2,500 Z
Trara alecric cantrfugal 1,000 ton 1

Camar aleciric centrifugal 2,000 tons 1

Cartier alecinc centriugal 5,000 tons 1

Tofad 13.000 lons -}

inais Cantral Cotage Trano steam absorplan 450 tons 2
Todnd B00 fons 2

Incsana Lirevarsity — Blcomingion Casrier 150 00 tons 1
Camins 150 1,500 tons 1

Trans CVHE 1,200 tons 2

Trane CVHB 1,333 tons =1

Camiar 1708 4,000 tons 1

Toka! 12, 800 fons 8

iowa Stata Universny Carier steam absorphon 5,000 tor: 1
York simam absorption 5,000 1

Yark alaciric 2,000 1ong 1

Tafal 12,000 fons 3

Jproes Modison Linkversdy Stoam chilier 1,000 tong 3
- 3, 000 tong 3

Jehns Hopkins Unhecsty Trane opan dive R22 3,500 tons 1
Trans CWVHE 1,500 tons z

Tola! 6,500 tons X

Kalamaroo College York screw chillar 500 tors )
Tota! 1,000 fons 2

Fmrans State Lintvarsity Elsctric chiler B0 b 2
Slmam chilker 560 tons 1

‘E nctic chitar 1,250 tons| 1

S1amm absorption chiller 1,150 tons 1

Simam absarplion chilles B0 tons 1

|Elmztne ehilsar 400 tons 1

Total B, 420 fans 7

Lamar Universay foul sarriugal BOO 4
\Carmior contmiugal B0 1

Tola! 4,000 fons 5

|Macaiisier Uinvarsity Tranae elactric 580 lony 1
Trang alectric 500 fons 1

Tolal 1080 lons 2

Michigon Stale University Camer stoam 350 tons 7
Trana siamm B00 tan 25

York slaam 715 7
Total 27,500 rons k]

|Middie Termasses S1ate Uinvarsdy Trars Bosorpdion 1.000 1
Trane ssacing centréugal 4,000 & 5

Totad £, 000 fons ]

Marneastam inos Linsorsity Cemer 4160 1,500 2
Camar 4160 5001 1

Toral 3 50 fons) 3

Dccadental Collega Sormw chllar 500 2
Tifal 1,000 lons 2

Ohio Siste Linsersity Y ork Sleam brbnea driven 2000 ton F
Y ok ectng e 2

York sdoctng 450 1

Tota E000 fang L}




Undvarsity Chiller Typa Size Cruantity

Dklahoms Siate Unsaomsity Camar steam absorpten 1,200 ons ]
Camnr mlectric 3,000 (o 1
Camar alectric 4,000 fon 3

Camar 4,000 1ons i

Tatal 6. 200 dbans| ]

Phoanx Cokage MeQuay shactns 1,000 lons r
Molupy sachnG 300 tons 1

Tafal 2500 tons 3

|Purdus Lireearsity Carmar stenm iubing 6,200 tons 1
"ok saam turbine 3,000 tonsg 1

Camer steam fubing 4 500 1o 1

otk sbeam turbine 5,000 fon 1

Trang skactic 2,000 tons 2

Total 20,000 dons) 5

Rt Inland School of Design Trare centifugsl BD tony 1
Carmier ceninfugad 200 tons 1

Carmier contrifugnd 300 o 1

Toial 580 lowrs 3

Rochoster instilute of Technalogy Trans aosarpiion 500 ons 1
Trane agsarphion 300 tan 1

Trane shsorplion 750 ton X

Tols' 2400 hons 4

San Diago Stabe Univarsiy Elmciric chiller 1,000 kons 1
Steam absarplon chiller 1,000 ton 1

Elaciric chiller 1,200 tan 1

Stnam absorphon chiller 400 tan 1

Steam absoepban chillar 400 fan 1

Toba! 4,600 mrs 5

San Josa State Lineversity Comief slaam absorplion 1,250 tan 2
Camier akactns 5D ban 2

Tofa! 4,000 tony 4

Southarm Mathadisl Lineearaity Yiork OM aleciric chillee 4 004 bon 2
York Y slectrc chilar 2,000 ten b

Trana AVK slachne chiliar 1,000 lon k)

Torar 12,000 fans 5

Sauthem Coogon Univarsity Trars aleciic centrifugal 500 tons 1
Trang aleciric centrfugsd B bons 1

Trane sledric centrifugal 250 boes 1

Tofal 1,550 lons 3

51, Mary's Coliege Carriet alecric B0 tons 2
Todad 1,200 fons H

Sanford Unarsty Electric rolary screw chilles 6,700 o 3
Tedn! 20,004 fons 3

Stals Lirnversity of Hew York 8t Polsdam Trans A5 toey 1
Marley coaling bowar 8pray Lnit S0 1

Tora! 550 fons Fi

State Universay of Hew York at Siony Brook Carmer slacinc 45001 1
Comries nbaam 4 5001 4

Moiluay alesing 1,003 fons 1

Taral 23,500 tons ]

Swarihmurn Cofinge York staam Bosorplion 500 tang 1
Tafal 500 lons 1

Syracuse Linversty Carmear taanm tarbing 3,200 1ong b
Trand SIaET BS0rpton 1,300 tans 1

Tatal 4,500 lnng 2

Tazas ALM Unionrsity Staam aosarplion chiller 1,500 tons t
Staam absorplion chiller 1,500 tan 1

Stoam abssrplion chullar 1,500 bon 1

Steam absorplion chikar 1,500 1

Staam absorpliom chilar B30 o 1

Steam absorplion chisar 1,100 1




Univarsity Chilier Type Size | Cuantity
Steam absorpban chiller B0 1
Steam cenlrifugal 33501 1
Steam contrifugal 3,350 for 1
Steam canirifugal 3,350 1
Elaciric contrifugal 3,3501 1
Elaciric cantrifugal 1,100 3
Elmciric contrifugai 1,0001 1
Eléciric cenbrifugal 1,000 1
Elactric contnfugal 2,000 pns 1
Steam contrifugal 1,100 100 1
Steam {axhaust) sbsarplion 800 ions i
Steam cenirifugal 1,00 fons 1
Staam {axhaust) absorplion B0 o 1
Steam cenirifugal 1,100 & 1
Steam {axhasi) sbaorplicn 004 i
Elacine centnfugal 1,334 1ony 3
Elactric contrifugal 2B 1ons 1
Elaciric centrifugal 2B 1
Elacine recprocating 321 1
Toral 44,000 fons| 2
Thundestrd, The Amencan Graduata Schodl of nermalional
|Maragemant Wark alesiric chillar 200 1ons 4
Work alaciric ofullar 300 tons 1
Taral 1, 10 b 5
Uriversily af Alaska — Faitbanks Work slaam ansorplon B mns 1
Taral SO0 fons 1
Usthvarsity of Arkarsas Carrhar 1BEX carerdugal 1,3001 1
Carmar 17044 conirifugal 20001 1
YWork OM3E 3000 ceminfugal 3,000 1
Carmar 17DAT1 Certrifugal [lurtane) 4,0001 1
Tatal 10, 300 fons 4
Univarsily of Caldpmia Los Angeias Slaam urtene drroen caniriugal chilles LI 2
|Elnctriz chillar WA 1
Slaam atsorplion chiller iRy 4
Total 16, BOF fons, T
Urivarsity of Caldormiz, Rivarside Trang Eacine 1,000 1o 2
Trans ssactric 1,250 long a
Tl 5, T50 tong ]
Uirsenraity of Cantral Arkansns Trana aectng T20 1ony 1
Trans slactnc 300 1o 1
Trana alectrg 250 10 1
Trane olocine 215 1o 2
Trand alecing 150 1on 3
Yok alecine 150 long i
Toda! 2,150 long g
Uriveesity of Dalawsra Trana alectri TED hang 2
Trane alociric 1
Triws alecinc Z
Taral 5
Univarsity of Evansyilia Carriaf alectis oemriugal 2
Simam absomion chiller 1
Tafal hid
Univarsity of Florda Camar alecinoisieam wurbins 1
York aleciric B
Trano aksciric 20
Tafal ]
Urwvarsity of bdaha Trano siaam absarplion 1
Trane sieam absarplion 1
Trane slaam absarplion 1
Tranm poctnc i
Carrier slaom absarplion 1
Trane steam absorplion 1
Trane ar coalmd 1
Yok alecing cemrilugal R134a 1
Tolad B




Trane stnam urbine

5,000 1
3,000 ;3

Ornivarsity Chiller Type Sirn Tuantity

Lirewarsity of Minoes East Campus Yark abecing contrfugal 2000 ronsy 2
Trana absorption 1,000 tons i

Camiar ansorplion 5000 bons 2

Tafal 8,600 fans B

University of Louisville Trana aleciric 2. 500 ton 1
Camier alactnc 2,100 tons 1

Trnd eleciric 1250 tans 2

York aleciric 1,125 tons 1

Tols! 8,225 lons 5

Lversiy of Memphus Trana slecine contrifugal d
Toda! d

Univarsity of Migmi Trane alecing 1
Trand alcins 1

Trane alecinc 1

Trana alecing 2

Trana alecinc E]

Traris shecing 1

Trana alecing 2

Trana alectrg 2
Tolal 13

Lmvarsity of Minnasotla Dutun Trana alacing 1
Trana slocins 1

Todal 2
Liniversity of Minnesota Minnaapolis Trana alecing 10
McOuay alectne 4

CorTiar placiric 2
Trane stoam absorplion 12
Talal H

Uniwarsity of Missoun « Kansas City fark carriugal 25001 1
York cerrifugal 1,250 2

Toba! 5,000 fans J

Liniwarsity of N Maxico Yok cerdrifugal 1,000 fons 2
Cmier centrfugal 1,000 1 i

Cainr contrdugal 15000 1

Trane cerriiugal B i

Trana absorpiion 1,000 1 a

Tatal B, 1040 fans 8

Uireworsity of Morh Camlina at Chapal Hill Trana CV alectnc cererdugal 1,000 tons [:}
Carrier 15CH sloctnc conirfugal 1. 008D ton 2

Triwna TV slacing cartriugal 650 tona 2

Trana CVHE sdactric contrifugat 1,000 tons a

Trana ARS stsam absorpbon 1,500 tonsd 5

Camiar 17FA alecine cantriugal 2,000 tons 1

York YK sloctne centnfugad 2,000 tons 2

Trana CVHE esactne centrifugal 700 tony 2

York ¥ 5 alacing centnfugal 1,200 tons] 1

Total 24,400 fans 24

Linnversty of Haorhem Colorado Coarisr abasrplion 500 tons 2
Tital 1. 0040 fans Z

Uriiversity of Piltsburgh Carmiar alscine cantrfugal 2000 tons 2
York slacne centriugal 2250 tons 2

Camar apcns cantréugal 1,000 fons 2

Tofal 10 540 frans ]

Univensaty ol Rochesier Camar 1,500 Inml 1
Carigr 4 50 sons 3

ork B, 300 ftons 1

Tofal 23,000 fans ]

University of Toxas a2 Awsin ‘Worthington steam hurbne 2,000 b 1
Wonhingion steam het=ne 3,000 1

Yok senctic 30001 4

York plechic 4,000 jony 2

Carrig sleam futing 2,500 1o 1

Yol adactng s

1




University Chiller Type Slza Quantity
Tofal 43,800 fons 12
Linivarsity of Texas af El Pasa ¥ ork ploctng 1,000 tons 1
¥ ork elsctng S04 tons 1
CarTisd 1,000 tans 3
Todad 4,500 fons -]
LUniversay of Vegnia |Elmcine eniller 1,500 tons] 1
Elesctric chiller 1,200 tensy o
Eleciric chillar B0 tons 2
Elmciric chillar 100 tons 2
Elesctiric chillar 500 ens 1
Elactric chillas m}l:j 3
Elaciric chille 400 1 1
Ebacirie whillss 300 1ons 1
Ebaciric chller 250 o 2
Elaciric cheller 1750 2
Child warler storaga 3, 000 1
Taral 23, 150 fons| 28
Linivarsity of Washington Trana aleciric 1,000 1 1
Trana sioam absorption 1,000 1 1
York alecirc 2,000 jong 4
Camar alscin 2,000 1o 1
Tofaf 12,000 fons, 7
Univarsity of Wisconsin at Madison ek abaam |urbee chiller 8,500 1ons 2
ook stoam hurbina chilier 4,000 2
Yok, stoam absorplian chiber 1,000 1 1
Carrier Sleam furine chisar 3,500 1 2
Carmiar staam furbine chiber 55001 1
Corriod shacine Shallar 5,500 tons 1
Toda 44,000 fons .
Ursversity of Wisconsin a1 Milwaikoa York stanm jurbine driven 2750 tons 2
Carriar mlactns cantréugal 3000 tons 1
Tafal 8,500 lons 3
Wirginia Potyinchnic Instibubo and Siate Lineoersity Trins alesinic 1,500 tons 2
Trara mectric 1,200 tons 2
Tafal 400 fons 4
\Wallasiey Collsge Trarm centrifugnl A0 tons) 1
Trane centrifugal BOD tons 1
Trane hat water absorption 250400 1 1
Trano staam absorplion oo 1
- 2,200 fons 4
Yale Linsvarsity York stsam absoiplon 5,600 1
York slsam absompbaon 5,000 1 1
Yaork sieam absompton 2750 2
York alecine 2,000 Ion 1
Cmiar 2,250 ton a
York 5,600 1on 1
Tofal 33,200 lons 10




Table 6: Electricity Generation Data

Electricity
In Powor
Gonarated or Cof Year Electric
gennfated on | Total nstalied Goneration % of Campus Electrical
University Campus? Capacity (MW) | Commanced Load Sorved
Anrons Siae Urevernity Wesl Compus No [ WA [
Batos Cologs Ho A KA Hi&
Bowing Groon Stale Universiy L 15] M LA KA
Brigham Young Universty No iy WA L
Bkl Lnversdy Co-peneralind = | 1651 95%
Budlor University Ho A RUA,
Califomin Polytschnic Stals Universay Co-penarsted 1685 1%
Califomia Stee Universty, Horhnogs Co-gonarmied 200 %
Cantrad Michigan Unsvarsity Co-generated 1883 50%
Cortral Washington Univarsiy Mo LIRS WA
Clamson Linnarsity Both 2000 0%
Cinrvaland State Liniersity No WA Wig
Caolby Callege Co-genarsed 1559 25%
Collepe ol Hiew Jemay Co-genarated 1563 80%
Coliepa of Wiliam and Mary Ho WA KA
Collega of Waoasler Co-panaraed 1692 L
Columba Univarsiy No WA W&
Conneciicus Collega Mo WA WA
Corned University Compenareted s %
Dartmouth Unhersiy Co-gonaraed 1820 A0%
Disriaon Linsersity Mo LIS KA,
Cirabon Uinivaraity Mo LI NiA
Dl Linerarsity Mo RIA e
Druguissms Lnivarsiy Co-genarelsd 1557 B0%
Emary Univarsity 1Y WA I
Gaorgatown Linhversty Mo WA WA,
Gaorgs Enstituin of Technology Mo LY LIS
Goshan Coilage Ma IR Kia
Harding Linsearsity Ha LS WA
Harvard Universiy Ho NA LT
Howard Universily HNao 1Y Hra
kaha State Universiy Mo WA, NiA
IEnos Central College Co-ganeraled 1884 I
linois Insttute of Technalogy Co-ganeralad L1 A
Indiana Lnivensdy - Bloomingion HNa WA WA
towa Slate Universsy Co-ganmratad 34 1851 T5%
Jamas Madison Univarsity Na A NiA WA
Johns Hopkins University Ha A MiA WIg
Kalemazos Collaga Ra L Mg, L
Karsas Stabe Uinevarsity Co-ganosalod a7 19248 1%
Koana Stain Coliege L] WA Mg WA
Kutztorwr Universiy Ro Ay Mg Nif
Larmar Urmvarsity No iy M WA
Macallistar Universty No Rray NiA Wig
Mensfiold Uniersity No K MIA MiA
Massachusalts instiute of Technoiogy Cosgeraratad 195 Bh%
Massachusalts Marmimo Academy M M, HiA MAA
Medtal College of Ot Ganaraies 1 MiA Backup powar onky
Michiipan State Uinevaraity Co-gerarnisd 61 1501 EE%
Midda Ternasses Siate Linwarsity Co-genaratod 1568 L1
Micdiabury Collage Co-genarated o 184z 155
Minresola State Univarsay al Moorhead Mo Lt A MiA
Maontana Stale Linversay Co-genaraled 1 wa %
Mount Holpske Collegs Co-geraraied 0 1584 %




Electricity

Is Power
Ganerated or Co Ymar Elsctric
generated ori | Total knstalied Ganeration % of Carmpus Elecirical

_ Univeraity Campus? Capacity (MW} | Commanced Load Servad
Koriheastem lilinois University Co-genaraled N [E1TE 80%
Decidental Ciolhagn Co-ganaraled 0y Mg MR
it State University Co-genaraled B.125 M M
Dklshama State Unhersty Co-genaraled 9.5 1950 10%
Parnaylvania Siste Uineveraity Co-ganaraled Early 190('s T%
Pheanix Colings Mo Nisy Midy
Pilzaburgh State Urevoraity Mo HiA i
Pomona Collega Ho Hig Higy
Purdua Liniverssy Co-gonarmled Earty 1800's 0%
Rend Coliege Ma HiA Mid
Rhode [alard Collage Co-Qansaraled 1980 A%
Rhode Istand Scnoot of Design Mo WA, Nk,
Rochesier Insiiute of Technalogy Ma WA Hi&
Sairt Joseph's Collage Mo Hia NI,
Sair Josaph's Linvvarsity No NI NiA
San Diega State Universily Co-ganaraled A 8%
San Jose State Universiy Co-ganaralad 1985 S0%
Sippary Rock Universiy Ma A My
Sautheen Mathodst Universily Mo LY Nig,
Soulthem Oregon Liniversdy Ko LU Nig
51, Mary's Callega Mo A, A
Stanford Universiny Co-genaralad 1987 100%
Staim Unrversity of Mew York of Potsdam Mo HiA HiA
State Lrivermdy of Mew Yark at Sioiy Brook Co-ganeralad 1985 100%
Saartnmore Collega No L1 Wig,
Syracuse University Co-ganoraled 1252 All said 1 uhiity
Taxas ARM Lirevorsity Co-ganaaiad LI 0%
Taxas Tech Universily MIA HIA WA
Thunderud, The Amencan Grsdusle Schaol af Inlernatonst bansgamant 5 L1 (L
Univarsiy of Alaska — Fairbanks Co-goneralod 1504 100%
Linivarsiy of Askansas Ha HiA hA
Lnivarsity of Caldormia, Beckalay Co-ganeraiad 1908 All sald o utility
Lirivarsiy of Calfomia Los Angales Co-ganerated 10k A
Univarsily of Calfomia Rarside he M LI e,
Univarsity of Caldomia, San Francisco Co-ganmatnd 134 1988 o
Univarsily of Cartral Arkansns Mo (SR HIA 1Y
Univarsily of Colorado at Bouldar Co-panorated R | 1552 100%
Univarsity of Daleware ] B MIA WA
Litivarsily of Evanasilla Ganerated 14 1987 B0
Lirawarsity of Flonida No Hia Hig, Ria,
Urevarsity of Georgia Mo A M KA
Urevarsity of lzaho N hlay Wig Hg
Urwwarsity of Binoes East Campus Coganaratod 20 1953 100%:
Ureversity of kowa Cogenerated 21.5  Early 1000's 30%
Urrearaity of Lossvia Mo L Hig Wig,
Uinvarsity of Baryland at CoSege Fark Mo Ny My Hid
Liniversisy of Massschusalls Ambarst Mo YA MNiA MiA
Lriversdy of Memphs Mo g Misy Nigy
Liniversity of Meami Mo Wiy Misy Nidy
Liniversaty aof Mchigar Co-gamnaratel 48 5 18ay A
Univesrsiy af Minnesstn Duhue Mo A M Nig
Linivarsily af Minnasoia Mirnaapalis Co-ganaraied 163 00t 10%
Wniversity of Minnesata 5t Paul Ha A MiA MiA
Univarsily of Missouw - Coumbia Co-gararated 53 Mia Ti%
Univarsily of Missoun - Kansas City Ha NiAy BiA By




Electricity

Is Powar
Ganarated of Co Yaar Elsciric
gonerated on | Total Inatalled Ganeration | % of Campus Elscirical
Univarsity Campus? Capacity (MW} | Commuenced Losd Servoed

Urivarsdy of New Hampshire Cergenaralad oy 1063 1%
Uriemrsisy of Mow Mooos Co-gonoried af 1808 15%
Uirevarsity of Marh Carsiing s Chagal Hill Cao-generatod 25 1932 L
Urednraity ol Marthem Colafada Co-panerated Miag HA All sald 10 ulility
Urewaraity of Moriheen lowa Co-ganeratad TH 1902 &0
Urewaraity of Ponnsylvana Ha HiA M Mia
niwarsity of Pitisburgh Ha HIA MiA MiA
Univarsily of Riochester Mo Hiay WA, N
Univarsity of South Dakala Mo M LU A
Univarsily of Taxas al Auslin Co-ganaraind B 1828 100%:
Univarsiy of Texas al El Pass Mo A KiA L1
Univarsity af Virgnia Mo A, LAY HiA
Lniversdy of Wishingion Cao-ganetatod E 1521 1
Universsty of Wissonsin al Madison Co-generated ] 1663 20%
University of Wesconain al Mibvaukes ] W, HiA MiA
Liniveraity of Wisconsin at Stoue Mo L N [
Wrgirea Pofytnchnic instiuie and Stals University Co-ganaralad [ 1674 MR
\WisTasley Colaga Co-gannralnd T 1554 100%
Wiestom Michigan Uinivisrssy Co-generaled . 1982 WA
Widiams Cologo Co-ganaralsd o 1887 %

Yale nivaraiy Co-ganarmled 22 1857 G54

Sum [of Inatitutions mponing data)

-

84771




Table 7: Electricity Generation Equipment Detail

[ Type Size Cuantity
|Buckrall Univarsay Solar gas 1wbina o 8 MW 1
Shinnor sleam furing 1.2 M 1
Talnd 5 AW ]
Calfomia Polytechnic State Universay Caberpdiar gas-fired reciprocaling enging 035 MW 1
Toiad 3.35 M| 1
Calfomia Stete Universay, Mornridge Capslons micmheting 018 MY 1
Total .78 Y] T
Candral Machigan Univarsity |Elliat staam tueting 1 M 1
Sodar gas hurbine 3.4 M 1
Total 4.4 M Fa
Clameon Univarsiy Solar gas turtine 4 B 1
Sciar gas turtene 3.8 K 1
Calerpdiar dagol nlemal combastion 0.75 MW 1
Capsione mecraburtine 0.03 M 1
Total 54 ey 4
Colry Colags |Elliatt backprassure lurbine 06 MW 1
Tofal 0.8 M 1
Colloge of Hiw Jersey Solar gas turbna 532 MW 1
Total L5 H
College of Wooster Slamm lumine 0.375 MW 1
Total D375 M| L
Comeall Linversity Slmm jurtines LT ¥
Total 8 A ?
Dartmiouth Linkvarsity Orasser Rand sleam futing 2 iy 1
Dresser Rand sieam Wubine 2 v 1
Dresser Rand steam turbing ERI 1
Towal T A 3
Duguasne Linsversity | Siar gas turbine 5 mivd 1
Toral 5 MV H
Jnots Central College Caterpilar notural gas-fited recprocating engine 085 MY 1
Tiotal .65 MW !
|mnois Instituto of Technology Matursl gas-fired combustion lurbine 4l 2
Total B 2
Jiowa Starte Liniversty GE sbaam luming 3 M 1
GE sinam luming 5.25 MW ]
Turbodyrie sinam urbing 133 MW 1
Turtsadyne slaam lurbne 115 L {
Total 34 T
KEnsas Siata Lniversny Samm [urbing 2.5 M 1
Slaam wrnne 1.25 MW 1
Total 375 W 2
[Mazsachusats instiute of Technokgy ABE combustion tuting 22 MW 1
Total 22 W 1
Michigan State Unhbersay Dalaval conbrolisd sxrachonicondaring staam 125 MW 2
(ZE packprensura iwming 15 MW 1
GE controlled natracticnicondensing sieam 21 M 1
Total a1 M 4
|Middia Tennassma Siata Universty ‘Solar gas turbine 5 Wl 1
Tatal 5 b 1
Widdigbury Cotags Coppus Slem lLrmng 0085 MY 1
Coppus slaam furbing DUEED MW i
Coppus slenm jurbne 0250 M i
Total 0.585 Mw] 3
Montana Stabs University Coppus sloam (urbing 1 M i
Toial 1 MW I




Univarsity Tygn Size Quantity

[Mount Holyoka Collega Alica-Chalmars 0.4 MY 1
Total 4 MW '

Morheastemn lllincs Linessarsity Caterpillar gas engire 0.75 MY &
Tokal BRI 4

Cocidonial College MR 0.15 M 2
Toka! 0.3 MW 2

Csilshoma Staba Lnivarsiy Samam urbing 1.5 M 3
GE steam lurine 5 1

Toba! 0.5 AN 4

Pannsylvama Siale Lnversdty Ellict siearm luiting 2.5 M ]
Eflict simam luring 3.5 M 1

Toha! 8 AW s

Pt Univarsity GE stsam 1usting 30 kg 1
GE steam iurbing 10 kv 1

Tola! A0 MW 2

Fihcde Esland Collage Ganmatl gas turbira 0045 MW 1
Toda! 45 bMWY 1

Smn Dhago Stabe Universiy Solar Centaur gas lurtae 3w 1
Tola! 3 MW 1

San Josa Stale University Allison Engina gas turbina B MY 1
Tola! & 1

Standord Lnherssy Genaral Elecine gas lurbine 39.2 MW 1
Steam iurbine 10,7 MW 1

Tola! 45 5 2

Statm Linhversity of Naw Yors al Stony Brook GE LM 6000 gas turbine 45 MV 1
T 45 b 1

Syracusa University GE LM 5000 gas turbins A0 MW 2
Toda! B0 MW 2

Tanas ALM Linsvirsity Stwam ubiee i MY 1
Stoam trbing 5 M 1

Stsam ubing 125 MW 1

Gias turbing 16 MW 1

Todw! I7.5 MW 4

IUnivarsity of Alaska - Fairbanks GE s1nam twbird EREN 3
Farbanks-borsa dinsed 5 MW 1

Tola! 22 Ml 4

Univaredy of Caldormes, Barkeley GE LM 2500 gas turbina 25 MW 1
Tedry backprassune slasm lurbre 5 MW 1

Toka! 33 MY 2

Univarsily of Celdorma, Los Angehes Combustion lrbine gensraior 14 5 by F
Stgam it 15 W 1

Tota! 48 MY J

Univarsily of Cakformia, San Francisco Salar pas umine 5 v 2
Mumay sieam furting 3.5 MW 1

Tota! 135 MY a

Limwarsity of Colerado al Boulder Gas luiing B bW 2
Spam gormrator for powor augmentalion 0 AV i

Tora! 15 MY ke

Linivarsily of Evansville Cooper pas-driven anpona 1.1 hivyg 1
Tafal 11 AW 1

Lirawarsity of llinois East Campus Cooper-Hessamer dasel anging v 2
|Wimrtsila moprocating sngine ERrt 2

Taral 20 MW F

Lirwenrsity of lowa Efeott atnam purbina ERLLYS 1
Worthnglon slaam lerbne ER L ]




Univarsity Ty Size Cheantity
Worirangion staam turbing TE BN 1
Toital 21.5 MW 3
Universiy of Michigan ‘Worthinglon steam turbing 125 MW 1
Gipnarnd Elpciric sleam lurbine 4 M 1
Worthifghon stsam turbing 125 MW 2
Solar gas wbina 3.5 MW 1
Solor gas hurbing 35 M ]
Todad 48 5 MW &
Uiriversity of Minnasota Minnaapolis Ansaldo back pressure single sutomatic exirection/nchousi 16.2 MW 1
Toda! 182 T
Uireenrsity of Missoun - Columbia Wealinghouwss sleam lLrdne genmratar & 1
\Wortningion sianm furbine ganérator 12 MY i
GE sinam tusting ganeralon 185 MW 1
Tyt Seam ILsne ganerator 13 M 1
Caterpillar dwsal infemal combustion 0.5 K 1
Caimmpillar diasal intemal combustion 1 MW 1
Tofal 52 MY &
Univarsty of Mew Hampshirn Slamm urmng 0.5 MW 1
Totad 0.5 A T
Linivarsity of Mew Maxico Solar gas turbine 2.5 MW 1
Kalo backprasurm iurding 1.5 MW 1
Toin 4 MW 2
Urewarsity of Morth Carclina o4 Chagel Hill Drassor Hland staam herbne 28 MW 1
Taba! FLR Y ]
Univarsity of Horthem lowa Effialti simgm |urding T.5 MW 1
Tolal 7.5 M 1
Univarsaty of Texas a1 Austin Waslinghouso gas furbing 3 M 1
Waslinghouss gas turbing 15 Wi 1
Gareal Elecinc steam jurbira 25 MW 1
Washnghouss sleam lurbing & W 1
Washnghouss slaam uirbane & M 1
Tofal BE MY L]
Uirewersity of Washngion Warthirgbon sieam turbing 5 MW 1
Todad L I
Linrearsity of Wisconsin st Madison Murrany stBam hurbing 5B M 1
Todad 6.8 Ay I
Wegina Poliechnic Inslitute and Stabe Uneeersity Worlhinglon sieam 1urbing £.25 MW ]
Total 525 MW f
Wadinsloy Colloge Jannacher reciprocating snging 1.39 MW 4
Jmnbachor reciprocating enging 1.9 M 1
Tofal TAT] MW 5
Wastem Michigan University Allmon Enginio gas turbing 4 75 MM 2
Tofal 9.5 AW 2
Wilkams Collage Coppus slaam urting 0.5 MY 1
Totad 0.5 M 1
Yol Linneorsity Mo Pinoni gas tarbana & MW 3
MAsubahi dizsal engne 1B W 3
Tola! 22 5 MV 1




Table 8: Expansion Projects in Planning Stage -- Heating

Healing
Unlvoraity Aro Expanslons Flanned? | Timing of Expansion | Expanalon Capacity Amosunt Hotra
Dawtrnaulh Univessdy Yes Unkniwr 700000 [t Ao addng 5,000 foal of stoam pi
Vo3 Unkncwn Uirkicowm Exparsion of Genuion systerm
You Five yaars from now Urénrwm Heplaceman] of central heating plant wilh CHP
Cily-owrred plant supphbos East Campus, axpansion
ey Lrikricwr Lirdncrwm undar consideralion
"""""" Wi fwo 10 Bvea
Halamazoo Colape Yan YRATS Linkricwn Expanson of dislribution syslem
Haana Siaio Collogn Yos Linkniown Linkncrwm Expansan ol caniral staam plant
|K|.u|.uw1'| Universdy Yas " Uw IIIIIIIIIIIIIIIIIIIIIII I1:E1.lll.nmn Oingaing plans 1o bring new campis uddings onling
|Macailsier Linrvarsity Yes Witk five years 4000 Tael |Expasnd stmam distitadion pipe
Rilisburgh Staln Universiy Vs Wiihin five ynars Lnknicrr |Expansion of aistibition systam ]
|Elan o mnte mutipi piaris and mova 1o 2ad
[Rochasiar Instdule of Technology Yo Lirdarrwn Unkncram d&p‘nﬂ hat waler loop syslom
Saint Joseph's Linkversity Yen Lirsonarwr 3,000 feal |Ranewal of underground steam pipa baing planned
San Dingo State Unevorsety Yos Lirinawn Wasta Nagl Doders bed b co-genaration proes
Huhurbising &f hualing plant: reductan in capacey,
Slats Universdy of Hew York al Foladam hi] Lirdrieran Mirns 40,000 ke 08 Co-gonernton
"""""""""""" |Favamp of asistng heatrg plant snd penpharsl
Swarthmarn Collaga Tos Linkonarwn Unknosam BouipmBnt. no rel capacy addition
Twe 0 e paars | rmmm———
Bytacuss Linriersity Tes frommow | Unkrizram |Expansion of stoam disinbution
Universily of Celfomia, Barkelay Yes Linkricrwn 30,200 thahr Lnbarntory exiensan
niversdy of Dolawane Yos ke 350,000 bahr Addition of boser capacity undar
Fraliminany pIANAI unoarway |
Universily of Gaohna Y LLinikricram Lirkrpwm emissions compliance
Univarsily of Mamphis You Unkncran Liikrimwn Aclively pursuing Move 10 low Prswsa bodars
Hookng new of plannad campoes buaidings o
Univarsily of Pittaburgh e fos LLinknicram Lirikrram deiribution nessoek
lg:rlnm.:n, AESoUI ol T T T R Yo _ Unikryowm Liricraram installation of rew boiler conirol sy slama
Cinstruction of new cogenarmtion plam i Conunchien
University of Wisconsn at Madison Yes Lvtkricram Urikrcrwm [wilh Ibcal wilty is n design phasa




Table 9: Expansion Projects in Planning Stage -- Cooling

Cooling
Undvaraity Ara Expansions Flanned? | Timing of Expansion | Expansicn Capacity .ﬁ.mquml Netas
Calilesrig PulymErEcSIaluLlnwsz-wr IIIIIIIIIIIIIIIIIIIIIII Tas Twi years i now 12,000 tonTwurs Chilled wator charmal slorage will be aoded
Cararal Michigan University Yes Lirinawn Unknown |Extansion of the chilier loog s in planning stages
"""""""" Einam nosorpiion chiler &8 Pen Of larger o
Central Washington University You Withary band yiars 1,000 ions genarafion projoct
Columbia Uneearaity T Tinkncreni 2,000 iona inataliaiion i new staEm Urbee cier
Diamicuth Lniversily Y Unknown 1,600 bons
Braliminary svalsaion of a00ng Sadional sy
Goongalown Liniverssty Wi Unkrcrams Unknown Capaity
""" Expansion of coclng capacity with saleiliile cooling
Hm—.:ard Uriveesdy . Yas Uriknran yrhmn : systam
Indian University —Egat Compas. o] Yas Uniknorm A D00 bons Exzarsion of cosling capacity under considaration
Impmenation of ssledie chited walsr plant wilh
lorwin Btate Unnoarsity Yes Thiea yairs Fom roe A4 000 1ons COMasponding distribution network extensions
Jthng Fopking Uninecsty Tas Unikricewn [iseram Locking ait changing oul an exising chiier
Withen fwo 1o thres
Kalpmazoo Collags Yea YOETE Linkmarem Expanaann of fialribution system
Miacilliziar (nnarsty Vas Vil Five yeara 4 e |Expiand coallng disiribiica pip
Yoy Linkoncrm Lintkriram Currenily contralmingfoopng chilled water system
|Fraliminary plarming uadenway (or ceriral chilad
Yo Linkncram Unknosm waler plant
Vas Unkngam Linkncran Brdilion of coning capaciy n design phase
T e e i T e e
|Eennayivania Siate Univarsiy e Uinknicram Linkricwn irvestigating oddiion of twd mors chiter planis
| CEmpus Baddiona may requie addsonal cooing
Rbwoda Island School of Daesgn Tes Within bwo yaars 300 o |capacity
R Study underway regarding replacamant of exsiing
Rochesier Inslitute of Technology Vo5 Onlire in 2004 Unikncwn chillars with menw and 1erged squipnan
Gan Josa Staie Unversty Yoz Bummnr 2003 7700 Tans EHdlen of ice staraga 1o cooing Bysiem
. Addilion of cocing capacity is n process of baing
31 Mary's Collsga o8 Unknown Lirdonaren uinded
Yas Unkncwr Linknarwn AQOAICN Of Crebar with piping modsicsions
warinmore Lolepa Tos WVAINin two yaees 1500 Ions Elacine chiler 10 be rishsd
Syracusa Universy i VWihe thoms yaars T T L
.... - " Propcaal to add (o distiion SyStams 1B under
Urrversity ol Alasks -~ Faitharks ag Urikracewm 5,000 fest sonaidedaion
UIrvvarsity OF ATBIAS s Vi Unincwn [nkncwn AddEion of Cooling casacily in dasgn phase
""""""""" Providing Cooing [0 new COnBIrLCon planned en
Urivnrsity of Corgral Arkansas Tos Urikncewn 1,200 |orms campis
............... -t T
Universliyotiabe s frii Fierad 2,000 lon Adtion of a third codling plant
Liniworsity of Louisville fen Lirsnceam 4,200 jons |Replacement ol two chilers
Uiniversily of Masyiand o Coliegs Park Yem Lirknawn Linricnam dditan of cooling Copacily i evalLeten fhits
Liniversiy of Memanis Mo Wil froe yoars H00 Tons AGitan of bas chisars
|Uiniversity of Miami s Viahin freg years &, 000 tons Amton of conlng capscry
Unworsty of Minnescta Duieh ™ Yes irinawn Al baasl 1,000 tons Expansion of chilled waiar capacity
L Yis Wizhin fren yoars H 600 fons Fiancvatan and Rapansion of ShEad walar piar




Cooling

o Unlversiny Ara Expansions Planned? | Timing of Expanslon | Expansion Capacity Amount Notes
Heoking rew or plenned campus Builings b
Urswarsity of P tisbungh Wian Unknvar Linknawm distnbution natwork
Linrversity of Rochnster Yes Urkngem Linkncrary Addition of cooling capacily 1 design phase
Uinwersiy of Vegenia Yas Urikrcwn [Anknceen Adafion ol coaling capachy 0 design phase
ettt ittt R e e
Univarsity of Wisconsn al Madisan Yas Urikrszwm 50,000 lons ARrS
"""" ' |Flirining Lrderaay Tor dovniopmant 58 canirel chisd

University of Wisconsin ai Stou b Within fres years 2,500 tond warles plani

..................... st ol S s e i e
Virgins Poldechnic Instilule and State Uinsversity Yeu Linkricwn 2,200 tona candral Cooling plant

.................. TR

Wabasley Cobege Yos Iroem ricrw 800 fons Expand cocling capacity
il College Yo Urkngem 000 Tens insiaiiation of contral chiller




Table 10: Expansion Projects in Planning Stage -- Electricity Generation

Elocinic
Univarsity Are Expanslons Planned? | Timing of Expansion | Expansion Capachy Amount Hotes
sing actreely wilh poblic ullileas daparimani, Fope
to have design underway in Sping 2002, and be onlino
Cartral Washington University 5 MW Summaor 2003

Turbina inlat B codling

Yeos Lirunwry Ltk QEnaraticn capaciy
i Year 2006 A idibonnl co-ganerntion capacily 10 be nstnded
Yos Lirknawm Unknigram Co-ponorataon foasitty stdy underway
et Sy s (i f e e e
.................... g Linitsicon lﬁm&nmwnmmdmmemna I':w’ e
idaha Siale Uniersiy ok Tnnwn Uinkniown Co-gonacation faasidity shudy undorway
inding Lniversdy — Gl Carmpis s Frvn yours fromraw |7 Unkncwn Corversen o CHP
fowa State Lnn s Fred years from now 10 MW Addilon of ancener turbs generalor
iMmdecal Coilege of Dhio Vi Cirkncwn riknwn [ivnstigaiing co-genaraiion
Uiia Siale Linvorszy Tem o rncwey 1, Uniknown Desionng backup penerstion copabaty,
Irataitalion of 2 gas-fined coOMDUBLION ILIMNES 10
State University Yo Unlkricrar Unknewn prcevde 14 4 MV co-generalion capabisty
[“ Vi it TH A BEE G Vor o ganarmtion nxpansion
:‘iwlhﬂnmﬁmnl_l._.rnrwrsiy Yus Unkncram Unknown Profuminary svaluation of combined haal ond powar
Sialm Liniversdy of Hew York at Potsdam ] Linkrn 5 W Aaddilion of co-panoralion capatilty, alil m design phirss
Ulriveesdy of Arkansss Yo Linknown Unknown improvod malaring of enorgy usspa undar dasign
Pawatl will b penecaisd scross bwo locabons using
bt ) i e o OO | bl T e s it AL QA g
Univerady of New Hampshine hic] Thress years om now 10 MW Fapsiilily sludy of CO-Denarstion Bparion undswy
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Table 11: Expansion Projects in Construction Stage -- Heating
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Table 12: Expansion Projects in Construction Stage -- Cooling
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Table 13: Expansion Projects in Construction Stage -- Electricity Generation
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