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FACTS ABOUT CU

Th e University of Colorado at Bould er (UCB) is t he flagship of the
four campuses of the Univers ity of Colorado. It cons ists of fou r colleges
and five professional sch ools , covering 786 acres , with more than 200
bui ldings a nd comp lexes . Th ere is a lso a 147-acre resea rch pa rk j ust
east of the main camp us.

THE COG ENERATION SYSTE M

The ut iliti es required to satisfy the un iversity's elect r ica l, ste a m
and chilled wa ter needs are gene rate d at t he cogene rat ion facility
loca ted in the center of t he main cam pus . Th e bu ildi ng housing th is
cogeneration facility was construct ed in 1909, at t his t ime it contained
a cogene ra t ion facility . Th e original facility produ ced 1/100 t he capac­
ity of the new facility , yet it was housed in the sa me are a . This exis t ing
facility burn ed coal until April 16, 1932, wh en the last coa l train to
pass through the ca mp us on the Colorado a nd Southern tracks
whistl ed at the campus crossing at 8:45 in the evening . This signaled
the end to the cogen eration era at the Bould er campus until September
27 , 1992 , when once again the un iversity began commercia l operati on
of the new cogenerat ion faci lity.

Implem en tat ion of the Public Util it ies Regul a tory Policy Act of
1978 (PURPA) encouraged th e developm ent of cogene rat ion faci lities
du e to their inheren t ene rgy efficiency. The federal governme nt en-
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couraged the development of cogene ration faciliti es by rem oving sev­
era l major obstacles that historically deterred it s full developm ent.
Th e three primary benefits afforded to "qua lifying facilit ies" under
PURPA are:

• Uti lit ies are required to purchase electricity from an d pr ovide
backup serv ice to cogenerators at non-di scrim inatory rates.

• Cogene ra tors are exempt from regul ation as publ ic utili ti es .

• Electric utilities are required to interconnect and ope ra te in par­
a llel with cogeneration facilities.

It was because of this act, coupl ed with th e fact that the univer­
sity is interested in energy conse rvat ion, reliable ene rgy supply, has a
large utility load and wishes to save money that we pr oceeded with our
pr oject.

Th e facility now hou ses:
2- 23 ,000 Hp dual fuel turbines dri ving, two 16.5 MW gene rators
1- 1.25 MW steam turbine gene ra tor
2- HRSG's ea ch cap abl e of producing 86 ,000 lb./hr steam
2- 120,000 lp./hr st and-by du al fue l boiler s
3- absorption chill er s with a total capacity of 3200 to n/h r of chi lled

wate r
2- air compressors which supply campus control air

Th e ene rgy required to support the teaching, research , and hous­
ing on campus this size is cons iderable. Th e ene rgy used by th e main
campus during 1995, equa led:

Electricity = 169,083,988 kWh Steam = 400 ,000 k-lb .
Chilled wtr = 2,400,000 tons

Th e natural gas consumed to pr oduce this energy = 2,175,050 MlvlBtu.

THE COGEN ERATION SYSTEM PROCESS-PHASE 1

One of the pr oblems I find often is that people get so wrapped up
in solvin g the imm edi ate day-to-day pr oblem s th ey fail to recognize
and define the large ones that affect their st ra tegic positions. One
problem facing the uni ver sity in the late 80s was th e declining condi ­
tions of critical boiler sys te ms in the heating plan t. Chille rs wh ich
would not operate du e to age, under-rated PSC o elect r ical se rvice lin es
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wh ich feed the campus , and aged electr ical distribution lin es that the
camp us owned and maintained , comp ounded the situation . After defin­
ing these problems and priori tizing them it becam e obvious that the
boiler and elect rical syste ms required imm ediate actions or otherwise
the camp us cri tical utility services would be at ri sk .

Opt ions to address these concerns included replacement of exist ­
ing sys te ms in kind at a substantial cash outlay or to install a cogen­
era tion sys te m which would pr ovide a pay-back, which was also consis­
ten t with the univer sity's desire to be energy efficient and to provide
hi ghl y reliabl e utility services. A financial pr oform a was performed,
which indica ted that a cogen er ation system could be added to the
exist ing facility pr oviding s ignificant savings wh en compared to the
"bus ine ss as usual" condit ion .

The univer sity acqui red a 15-year Power Purchase Agreem ent
(PPAY with our local util ity in the winter of 1988. Th is was the last
fixed pr ice PPA issu ed by the Public Ser vice Co. and allowed the
un iversity to se ll power to the Utility at a predetermined rate over the
15-year per iod. On J anuary 1, 1989, th e PUC granted a moratorium on
fixed-price power sa les agreements from PS Co. This seemed to end the
further development of cogene rat ion (systems built for the purpose of
gene ra ti ng elect ricity specifically for sale rather than use, "PURPA
machines") facil it ies in Colorado.

TH E COGENERATION SYSTEM PRO CESS-PHASE 2

Early in 1989, the univers ity had eva luated what the proper
approac h would be to secure a new cogene ration facili ty. Should we
hire an eng ineering firm to eva luate the cogene ration optio ns or , solicit
pr oposal s and let industry opt imize the system for us? We hoped that a
turnkey design/develop contract would provide a grea ter va riety from
whi ch to choose and a turnkey performance contract which included
liquidated damages to lessen th e risk for the university. The university
team decided to pursu e the turn key design build optio n . Had I the
opportunity to do it over , I would choose differently.

Th e uni versity se lected a diverse group of in-house individuals to
se rve on a committee to eva lua te th e pr oposal s . The group consisted of
three engi neers, one MBA, th e direct or of purchasing, the vice chancel­
lor for administ rat ion , and the legal counsel for the university. Uti liz­
ing t his diver se group, pr ovided proper considerat ion to all proposal
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facet s , whi ch becam e extre me ly important .
A Cogenerat ion Plant Requ est for Proposal was issu ed in 1989. It

was th e desi re of the university team to allow the bidd ers to use their
creat ivity in s izing t he facil ity. Minimum perform ance and cons truc­
t ion sta nda rds were pr ovided and st rict liquidated dam ages were writ­
ten which included ; noise, vibrat ion, emiss ions , fuel use and sche dule,
Both a const ructio n contract and a long-t erm natural ga s contract were
negot ia ted wit h the successful proposal team ,

Th e university explored building its own pip eline to transp ort
nat ural gas from in-gr ound reserves. Eventually an exist ing pipeline
company offered the univer si ty an excellent transportation rate and
ag reed to build a new pipeline onto the campus . The university had a ll
th e ben efits whil e someone else built and maintained the pipeline,
largely becau se that company kn ew the university was not afra id to
undertak e the project it self. In th e end, the university decided against
buying reserv es in th e ground, but negotiated a long-t erm price with a
supplier , thus gu aranteein g its fuel costs into the next decad e,

To finance the facility, the university issu ed $41 million dollars in
certi fica tes of participation; to be paid off over 15 years through util ity
cost sa vings and power sales to PS Co.

The engi neering necessary to ut ilize two gas t urbine ge ne rators
and ut ilizing a du al fuel syste m capa ble of supplying 33 MW of power
was not an unusu ally difficult task . Pairing each turbine with a heat
recovery steam gene ra tor to produce ste am for use in heating or cool­
ing various are as on ca mpus was not a stumbling block eithe r . How­
ever siti ng the syste m into an existi ng building whe re there was
some times as little as t hree inches of clearanc e between machine and
sa nds tone wall mad e the project unique.

Th e location and modifications to the exist ing facility were defi­
nitely the challenge on this project. The waste heat boilers were
housed insid e the exist ing building with the combus tion turbines im­
med iately outside. En gineering work included all the modifi cations to
th e exis t ing structure . Throughout the desi gn proc ess, the a ppearance
of the st ruct u re had been a cons tant concern, and all a rch ite ct ural
modificati ons required approval from a university architectural com­
mittee mad e up of faculty, s t udents and staff. Th e technology wa s
proven . Th ere are plants like this working all over the country. The
real eng inee ring feat was to fit this th ing ins ide an incredibly confined
s pace a nd integrating it into an exist ing facility .
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Actual construction began in earnest in the fall of 1990. As a
basis , the university offered an existing steam plant, housed in a
sandstone structure built in 1909 , which required exten sive and care­
ful modificati ons . Th e facility was basically gutted and a temporary
structure erec ted to support the roof. Th e construction inv olved two
main ph ases: having new boilers in place for steam gen eration by the
November 1, 1991 , deadline and completing performance te sting of the
gas turbines in Septemb er , 1992 .

Dem olition included work on three sides of the exist ing building
and piece-by-piece removal of two, four-story, brick boilers with associ­
ate d equipment and piping inside the structure. Isolation and tie-in
activiti es required numerous plant shutdowns. Since the exist ing
plant pr ovided steam for both heating and cooling needs on campus,
the shutdowns occurred for only a few hours, usually around midnight
on weekend s. Of special concern to the university was its ability to
maintain a suitable environment for their long-term research proj ects.

Th e cogenerat ion plant meets all the electricity requirements for
the main campus and east campus. Additionally, up to 10 megawatts of
power is exporte d continually to Public Service Company of Colorado
to fulfill the terms of the power sales agre ement . Th e plant is ope rated
and main tained by 14 full-tim e staff within the Department of Facili­
t ies Man agement. Service cont ra cts provide for major maintenance on
specia lized equipment such as the gas turbines. In calendar year 1993,
the cogene ration plant utilized 2.1 billion cubic feet (bcf) of natural gas
to produ ce over 160 milli on kil owatt-hours of electr icity . Th e plant has
met or exceeded all perform anc e expectat ions.

POWER OPTIONS

The Goal
I believe the primary goal of utility managers tod ay is to optimize

the relationship between cost and reliability when purchasing electric­
ity. Said an other way-to achieve the lowest possible cost consistent
with the institutions need for supply reliability.

Tim es are tough and gett ing tougher for univer sity administra­
tors forced to find ways to curb rising cost s without cutting quality and
reliability of service. To do both may see m impossibl e. More than ever,
the re is a need for st ra tegi c planning, priority setting and eva luating
everything we do or buy. I believe it means a change of attitude in how
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we manage our utility budgets. A more aggressiv e attit ude is now
requir ed . Previou sly you paid the going rate for elect ricity . You were
not concerned about transmission, distribution, and generation. You
trust ed the Public Utilities Commission (PUC) to assure that he rates
were fa ir . It is time to take a closer look at these big ti cket it em s . Wh at
a re you getting for your buck?

Users had no opt ion but to buy from the monopoly or go without.
Teleph ones, natural gas and elect ri city were good exa mples . But times
have changed and are continuing to chan ge. You have see n the change
that occurred in the telephone and natural gas industries, elect ricity is
a roun d t he corner .

In the past, wh en at te mpting to reduce expendit u res in your
utility syste m, you may have felt as though you were deal ing with an
adversary and as though you had no opt ions .

In additi on to monetary concern s, it is my opin ion that system
reli ability will degrad e in the future as suppliers ru sh to cut costs to
meet the new competit ive market dem ands. Major supplie rs are redu c­
ing work forces, hesitating to replace age d equi pment until absolute ly
necessary, delaying new gene rati on projects and finding ways to cut
corners with mainten an ce expenditu res. Reserves in this region have
decreased from 40CfC , 25 yea rs ago, to 15lk today . At a major research
universi ty, loss of power to the campus can be catast rophic, both in lost
research and direct cost. Th is is a major consid eration at CU , Boulder.

History
Th e followin g actions by the Federal Regulatory Energy Commis­

sion (FE RC) have played and will continue to play a major role in the
elect ric utility industry,

1. Pu blic Utilities Policy Act of 1978
Thi s act encourages the development of the cogene ratio n facilit ies

by requi ri ng utilities to buy elect ricity gene rate d by cogene rators at
avo ided costs and hen ce improvin g the efficient use of finite energy
resources. Th e concern for efficiency was prompted largely by the oil
embargo of the mid 70s and was termed "the morale equiva lent to war"
by then President, J immy Ca rte r. Th e 1970's was a period of major
developm ent of la rge gen eration facilities by utilities. This, coupled
with the developm ent of cogen eration system s and the ene rgy conser­
va tio n effort , resul t ed in excess availabl e power .
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2. En ergy Policy Act of 1992
This act required utilities owning transmission facilities to pro­

vide transmission service to other non-utility electric gene rato rs . The
utilities had the option to post their pricing guide lines or tariffs with
the fed 's but only 21 of the 137 have done this . Therefor e, whol esale
power pr oduc ers are required to negotiate rates for transmission in
many cases. This becomes increasingly compl ex when tryin g to wh eel
power across longer distances where several transmission syste m own­
ers are involved . Many processes involved get t ing ord ers from FERC
on a case-by-case basis.

The Strategy
N um ber 1

Your university hold s the attributes that allow money to be
saved. Universities must recognize these attributes , i.e., the large
contro llable natural gas ancI/or electric load, st andby fuel reserves ,
large steam hosts , etc., and use them to their advantage.

Number 2
I beli eve all success ful st rate gies to achieve lower ene rgy costs

eme rge from the exercise of sovere ign ty or cont rol over the utility
supply and distribution sys te m contracting proc ess es . Put in othe r
terms, wh en FERC requires the unbundling of elect ric services and the
individual components are each separately available for purchase ,
then se vera l opportunit ies will exist which are comprised of combina­
tions of these compone nts.

It is necessary then that you know the opportunity costs wh en
choosing between options. If, for instance, an end-user decid es to buy
elect r icity from the util ity company at an osten sibly fav orabl e rate,
that decision should resid e in an environme nt wherein the end-user
kn ows the availa ble cost of ea ch component. Th e choice to accept a
price from the utility will include a number offactors , only one of which
may be money. The utility may bring an aggregating att ribute to the
party along with management services, or it may bring fav orabl e
transmission capacity which thickens deliv ery reliability.

Options
Bu ying the Com modi ty (Electricity)

Electricity is soon to become a commodity. It soon will be trad ed
in a comp etitive marketplace-lots of sellers and lots of buyers , si milar
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to that which occurred in the telephone and natural gas industries . It
is expected that new policy will eventually reduce electric rates to
consumers, The price you pay would then be determined by supply and
demand, rather than the cost to produce. The questions remains; how
much, and for how long, and at what expense to reliability.

Securing Transmission and Distribution Service
Wholesale transportation access became available as a matter of

law in 1992, through the Energy Policy Act. This means that utilities
are compelled to wheel power for each other and to other non-utility
generators ,

The University of Colorado is a political subdivision of the state,
and as such, is entitled to those rights granted other wholesale buyers
and sellers of electricity. This results in access to bulk power markets
by wholesale customers , Today's price for bulk power is about 1.5 cents
for interruptible and 3 cents for firm electricity delivered at transmis­
sion voltage , This means that if you are connected to the transmission
system you may have the capability of accessing power at this price. If
not, you may be able to pay an additional distribution charge of 1.6
cents/kW to get this power, How does this compare with your current
rate?

Financing Opportunities
Universities have the ability to capture tax exempt financing. A

percentage or two savings in the interest rate relates to millions of
dollars per year for large utility projects, This, coupled with possible
lower cost of generation equipment as a result of th e questionable
short-term market for new power sources and low natural gas prices,
may make self generation an option for consideration.

CONCLUSIONS

1. The electric industry is moving towards a market in which com­
petition will thrive and a market in which opportunities will exist for
your university The key is to be involved early while electric suppliers
have available low cost excess capacity, similar to that which hap­
pened in the natural gas transportation industry When unbundling
occurred, the best opportunities disappeared first .
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2. On e cautio n about ea rly involveme nt . Some en ti t ies may t ry to
persuad e you to sign up now with a long term contract in an effort to
secure a cus hion in the new competiti ve market place. Be sure you
understand the components whi ch make up t he offer and solicit infor­
mation from multiple persons who will be in the market soon.

3. Reli abili ty is a major cons ide ra t ion a t a research ins t it ution lik e
that of the Univers ity of Colorado @ Bould er. Loss of power for even 15
minutes during a cold winte r day could have catastroph ic effect on
campus life and research a t our university, the resul t of whi ch could
turn you qui ckly from a hero for saving dollars to a goa t beca use of lost
research .

4. Investigate the poss ibility of access ing the bulk power market s
and comp are these to se lf-gene ra ti on or an ene rgy se rvice.

The key to our dilemma is achieving a BALANCE between
price and reliability. Each institution must evaluate how this
balance is to be achieved. It is my opinion that combinations of
various options can achieve the desired balance.
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