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PREFACE

e,

As part of the cooperative efforr of the Federal ogencues mvolvcd in the Integrated

Utility. System (1US) program, the Depariment of Health, Education and Welfare .
(DHEW) is promoting_the application of the 1US concept to medical and edycational
complexes. Funds forthe DHEW ‘effort have been furnished by the Experlmenfcl
Technology Incentives Program of the National Bureau of Standards (ETI P/NBS)

The intent of the IUS cppﬁcahons pr0|ecf in DHEW is to: .

. o demonstrcfe to the méd:cal and educahonal community fhat«w- “'~.‘,_5,‘ '
“an IUS installation would result in considerable net savings for. : ‘
the institutions as well as contribute significantly to a reduc- <« f;?'"'-;‘
-tion of energy consumphon and to a generGJ reduchon in A
; pellution of air, water and land. :

o F stimulate and encourag¢ the marketing of 1US to the medical
and educational communities by private enterprise.

6 . meet the philosophy of ETIP/NBS by serving as a vehicle fz

. transfer of technology develop;d with Federal funds to the

) . private sector and thereby stimulate the unassisted growth
of the 1US concépt through private enterprise.

e \ Prepared b;: Edwin F. Coxe, Pi’\;D:,' P.E..
Ty i . \Q ‘David E. Hill | .
=5

REYNOLDS SMITH AND HILI.S'

ARGHITECTS » « ENGINEERS o PLANNERS
INCORPORATED _

JACKSONVILLE, FLORIDA
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" SUMMARY  ~ ‘
TBe purpose. of this marketing guide is to acquaint the prospective marketplace with
the potential and underlying logic of the generic us concept. What comes to light
is the fact that a sizeable number of educational and medical facilities mcy well be
compohble with the IUS concept, dnd that study, and appropriate implementation of
dn 1US would bring about the realization of startlingly substantial. cnnucl dollar savings ‘
for rhe institution along with lmpress:ve energy savings.
The pofenhcl mcrkef for an 1US has been bosed prlmcrlly upon electrical load demands
. of 2,500 kW to 40,000 kW. The rationale for selecting electric power as the basis
~is that it is through the redovery of the energy which is normally wasfed in conven-
tional electric power generation (65 percent or greater) that the mc|or porenhal for
energy and do”cr savings in an IUS are rechzed )

Hcvmg identified the mcrkef and cllewmg that it is rather brocdiy defined, what
of the 1US concept? How does it work, and what are its benefits? The WS concept
in action can possible best be likened to a cascading effect, whereby the normally
wasted ehergy from one integral-subsystem can ) be utilized to augiment or totally

operate another. It is on this principle that the advantages of an 1US are achieved.

Ld

~

The area of greatest positive impact following implemenfdﬁop of an IUS is the bottom
line economic picture. . As is highlighted in the resulting studies of the University
. of Florida and Central Michigan University, the extent of this posmve impact can
-~ be’ substantial, espeqncl_ly over the long term. . R

Still another advantage that continually emerges is the compatibility of the IUS con-
cept with future planning activities, The presence of a partial 1US allows an insti-
tufion the luxury of being able to mcrementally incorporaté various subsystems into

a highly efficient operating utility system. In effect, as the operational life expec--

" tancy of a subsystem diminishes, the economic: vnob:hfy of integration increases

since the subsystem will have to be renovated in any event. In that instance, the
capital cost that need be borne by the IUS is only that due to the additional equip-
ment reqlfTed for integration and nof the total investment for replocemenr

As s conhnuclly sfressed rhroughout this document, a factor of considerable lmpor-
tance is the satisfactory correlation of an institution's electrical and thermal loads.
The cb:l:fy to utilize the waste energy of electrical generation to satisfy thermal
demands is critical to lhe success of an 1US, and, necessarily, 1he'benefils of This. . -
incorporation arc invariably refleclied bolly in the operational elliciency and finan-
cial:success of the system. In these cases the incremental rate of return for the
added IUS investment may well turn out to be very high, of the order of 25 to 100

percent or more.

] K . . . v
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' THE INTEGRATED UTI«LiNi SYSTEM | * . _

_The ob|echve of the- lntegrcted Uttl:ty System (IUS) concept is to pi'owde requnred
. utility-services with maximum efficiency and minimal overall costs. :.and in"a man-
ner'which is consistent with environmental requirements and mstlfutlonc[ constraints.
" To this end, the IUS congept can become a viable option fér medical and educational
institutions to offset ever spiralling energy costs. By and largé,. current utility sys- . .-
- tems (electrical power generation, heating and cooling, ‘water supply, sewage treaf=>
_ menf and solid whiste dispdsal)- are typically treated as separate operating entities.
-The 1US concept integrates into a single system as many of these utility services as
can be economicall fustified' in order to achieve maximum utilization' of herefofore
~  wasted energy frém individual subsystems. For example, the waste {or exhaust) heat
from a diesel engme can be used as the energy source for an absorption fype air con- -
ditioner. - » -, ‘ , - e

r
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Optimization is site-specific, howeVer, this document addresses the muitiplicity. of
subsystems available to maximize the benefits from the IUS concept. A diagrammatic .
representation of subsystem conf:gurahons is presented on fhe facing page, Figure

S . - S

. » - - E .
The essence of an operchonclly and financially sucgessful IUS is on-site eleCh'ICO/I/ '

. - power generation utilizing low . temperature or waste heat to provide space heating
~ - and cooling requirements and-hot water service. Traditiondlly, ‘large comr ‘reial _

= electric genkration stations operate at approximately 35 percent efficiency; where-

‘as, an IUS P ant can attain and-even exceed thermat efficiencies of 70 percent.

.. The curve shown in Figure 1- z depicts’the relative efficiencies of engmes for produc-
ing power. Note that the [US with low level heat recovery exhibits eff'c:encnes
"cpprocchmg,hmce that of onventional sysfems Due to this fact, the economic
" benefits can prowde for investment payout in as little as 3 to™5 years... .With con-
hnumg onnucl ene:gy cost savmgs of 25 to 50 percenf. . . ' : <

L

ﬁe succes of the IUS lies in achieving a satisfactory correlohon of-the electrical ..
and thermal' load demands of the:institution. That is, the ability to obtain the
approximate 2 to 1 efficiency improvement depicted,in Figure -2 depends on being . -
. ahle to use effectively the recovered low' level heat.. Although the 1US goncept
- eneomposses up to five utility services, the maximum return is going to be achieved = . -
. “from on—sute electric power generation, infegrated .with space heating and cooling . -
"and hot Water service requurements. This level of lncorporchon clone_w:ll often

1ushfy fhe lnlflal ccplfcl lnvesfmenf ‘ - J __— - .

lndustry long ago recogmzed that on*site power gener_?hon utiliZing recévered low
T evel heat could play a major role in reducing operating costs. Consequently, many
"« indostries incorporated essenhdﬂy the same concept underthe name of Total Energy.

t
Numerous shopplng centers, amusement pcrks, -and other commercial esfcbllshmenfs
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soor followed suit, This look place prior o the Araly oil m(JIJ() when fuel costs
were Jlow. The savings aré now even .more dramatic and: ofhets greclosely examining
the potential benefits of Total Energy. In particular, the Department of Defense ’
is examining the ooncept for application at some of their focilitics. ' S

. -
- .

- s I

The increasing cost and decrcosmg availability of fucls 15 seiving us a calalys o
boost furfher interest in the 1US concept. Contributing factors_are:

-
. n .
.

a) continuing éscalation of electric utikgy rates,
- - . ) - A
b) shortage_.ond imminent curtailment of natural gas-in'\:

.many regions, .. ' .
¢) fluctuation in fuel o:l prlces due p6 the vaogaries of international ‘
- oil policies, and o '

- N . H i
d). increasing envnronmenfcl/energy conserﬂiﬁon awareness .’

>

The IUS concept, by mfenf does not incorporate high risk technologies, but rather .

takes an innovative opproach to integrating established and sound engmeerrng prac-

N tices and proven equipment so provnde_ more efficiently the requrred utility services.

Consideration of an IUS could.be put in the Eorm of a queshon- Would a'capital 7
investment which could pay out in the neighBorhood of 5 years be of interest if it .
could cause a 25 to 50.percent reduction-in your anndal energy bl“ consisting of
fue! and purchased elecfrucui’y'> If so, 1US is worth considering as Gn option togthe |
status quo. ' . . Ef;%" _ .
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THE ELEMENTS OF A SUCCESSFUL IUS

-

The elements to be considered and analyzed in evc-lﬂctmg f-ke—potentml benefits oF

an IUS ares .

N

Size of institution

- Energy requirements
Present and prmecfed eiech’:ccl rates and consumption
P?olecfed avcllcbrhty of fuels '
Capability of combusting moltiple fuel forms
Space availability ) .
Reliability and adequacy of public power»‘supply ) S
Impact on the-surrounding community - . - 5
Existing plant _ |
Institutional/Organizati onal . ’
Economic feasibility

0O 0O00.00 00 00 O,

.

As will become’apparent, the optimal integration of select utility services is the key
factor in deriving maximum economic benefit from an IUS. The reader should note
that the cost of providing comfort heating and cooling in a university or medical com- .
‘plex is of the same é!'fuzzlgmi'ude as the elecfrlccl energy cost, and that these are the

* " overriding major Uh’Tnty system costs. Thus, it is efficient integrated operation of elec-

trical and thermdal subsysfems that, in all cases; provides the major economic benefits

of.an IUS. ) . e

- 9
In. order to clarify the principle of improved efficiency: through combining space heat-
" ing-and cooling with on-site power generation, it is desirable to review the concept
of availability and reversibility in fhermodyncmlc' systems. All thermodynamic systems,
e.g. high temperature combustion gases, at a given state defined by such properties as

temperature, pressure, velocity and elevation,” have the potential for performing a max= -

imum quantity of work in reaching equilibrium with the environmert. The maximum F

quantity of work is achieved by passing from the initial thermodynamic state.point toa

final state point through reversible processes of heat transfer and work,
For example; in a university or medical complex/hermcl energy in the temperature
range of 200° F to 400° F is required. Hot combustion gas at cpproxn'nctely 3,500° F

“—is-available to generate these thermal requirements. If reversible engmes could be

placed between the *heat source (combustion gas) temperature and’each of the low

- temperature heat sinks, the system operalion could then approgéh that of a reversible
system and encrigy requirements could be obtaimed in the most/efflicient manner. Al-
though reversible engines exist only in theory, there are available heat engmes such
as sfecm turbines that conventionally operate with throttle temperatures of 800° F to
1,000° F and combustion turbiries which operate at inlet témperatures-in the 2,000° F
range. By incorporating one or more of these heat engines into the system, the irre-

- versibility could be reduced andthé utilization of thermal energy improved over that

. ' M- g .
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of a conventional Central Energy Plant which generates steam requirements for the
thermal loads with no clectric péwcr gencration and maximum irreversibility-.

Therefore, the system which will, in gencral, look most attractive in terms of high-

est fuel efficiency is one in which power generation is incorporated, and in which

the power generation system is selected on the basis of being the optimum size to
provide the theérmal requirements. Any smaller power genergtion unit results in

having to use a conventional boiler to produce the additional hot water or low quali-

ty steam required for heating and cooling. Whereas any larger unit results in a por—

tion of the on-site electric generation system competing with the high thermal effic’ency -
charactdristic of the large power generating units operated by electric utility systems.

Put differently, the plant will generally be sized so that the heating and cooling re-
quirements are met by the waste heat from power generation. Thisin turn will usually
mean that a significant portion, but not all of the electric power, will be generated
on-site. This arrangement is sometimes called a Select Energy system. ‘

I~ .

Size of Institution

~

Generally speaking the IUS concept will have potential applicability in-educational

and medical complexes where, electric demands range between 2,500 kW and 40, 000

kW. In this size range, there is a high likelihood of sufficient economic-return to
recover the capital investment, and there is proven and available hardware to permit
utilizing the lowest cost fuels available. Concurrently, the Department of Housing

and. Urban Development (HUD) is pursuing the potential for the Modular Integrated
Utility System’(MIUS) in the residential/commercial community. By comparison, the
electrical energy demand for the HUD/MIUS program applications are smaller, ranging -

from 300 kW to 6,000JéW, which, incidentally, results in significant differences in
system hardware requicements. .

T e

Energy Reqiiremenfs : ‘

The data presented in Figure lI~1 on the facing page wasataken from a survey of 20
selected-medical and éducational institutions located throughout the’ country. Although
there is considerable variation in the ratio of electrical energy to thermal energy in
the systems surveyed, the range of electric power generation equipment availgble
ideally encompasses the systems represented by this data. Typical values of the'ratio
of recoverable heat to eléctricity generated by thgse prime movers is superimposed on™
Figure I1-1. .Note the extreme fiexibility of the. steam turbine 1o optimally.provide
the thermol and clectiical vequirements.  Fyrther, by mixing the prime movers such as
a steam turbine for baseload and a diesel for\peaking (which is common), essentially
any value of this important electrical to ther tio can be achieved.

-
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* recently they have been readily.available and relatively ,inexper‘Yiv .

Present and Projected Electrical Rates and Consumption

Marked regional differences exist in the patierns, growth, and cost orapower. The .

. . S . . ) )
major reason is th€ regional differences in the cost of fuel or the type of electrical

' generation, e.g. many regions are supplied by existing hydro and nuclear plants and

are still obtaining low sost electricity. Future power costs can be anticipated to |~
change as the price of fuel continues to increase and capital costs escalate. Since

the primary fuel,- thus the cost, varies from utility to utility the projected rate of
increase in the cost of </e|ectricify will be site-specific. - '

If central station etectricity is sufficiently low in'cost relative to the primary 1US

fuel cost, the economic benefits of heat recovery- will not be sufficient to i_qsfifyabn
"IUS'with on-site power generation. Since the electricity cost data are such critical

factors in the integrated utility system economics, it is necessary to closely anglyze

the site-specific rate structures. . . . )

-

\
.

Projected Availability of Fuels

There is tremendous speculation with respect to the price and availability of a partic-

- ular fuel. The following discussion is an attempt to place in p=rspective a number of
. factors that are expected to affect the future fuel picture. One natural conclusion is
“that if a facility is equipped tS burn any of the three fuels; oil, notural gas, or coal,
‘then there will exist the highest probability of fuel availability and atsthe lowest rela-

tive cost. This latter consideration should"play a-major role in your consideration of

.
-

alternatives. - C~ . . .

-Present energy consumption in the institutiqns which might consider implementation of

an 1US is primarily for meeting thermal requirements. _ Although some institutions burn
coal, -by far the most popular fyels are gas and &ii. Both o these\latter fuels.are premium.
grade; are easy to store and hgi}ndle, and have good combustion chi8fakteristics. Until
"Price increases,
triggered primarily by the Arab oil embargo, have changed this P Pé considerably ...
and coal, although less desirable from an operational and initial/ i\estment standpoint,

is becoming more attractive from a life cycle point of view for specific geographical

regions. . ST . e i

-~ . -

" Natural Gas Availability:  Demand for natural gas has steadily increased because
- ofiits clean burning properties, low cost, and, until recently, availability. After

World War [I, the availability of abundant supplies of natural gas and crods-country
pipelines systems ghabled the gas utility industry to expand rapidly. As shown by the
proaucﬁon rate orﬁzigure -2, gas consumption grew at @ 6.5 percent.average annual
rate in the 1950's and 1960's. Natural gos production peaked in 1973 and then de-
clined by approximately 6 percent in 1974 for the first time in history .
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Reserve additions have failed to e}qu‘él.'p_r' exceed, production for the seventh straight
year. The only significant major reserve addition in recent-years has-been the
~ Alaskan reserve jadded in 1970.% : :

-~

With the demand for natural gas exceeding supply, many gas cogpanies found it
‘hecessary to deny gas service to new customers-and to zurtail some existing &osto- -

‘mers. The pictyre is not éxpected to improve. _ln fact, interruption or curtailment .

- ofsupplies dt most’consumer levels is a very distinct possibility, and one that logi-
cally shouldrprovide the stimulus for jnvestigation of other fuel types by the consu-
mer. . . - ‘,j '

N "‘ .. . ;‘\ ) ., . N -
At the time of writing this document, no state had completely implemented the Fed-
" efal Power Commissjon Curtailment Priorities Program presented on the fdcing page,

-

-

“

/' .p!acé% an end-usqgtype of plan in effect It is important to note from Figure I[-3
+ “that a’large portion of the universities and hospitals which might logically implement
an [US:fall in one of.the lower jnterruptible priority categories (6 to9) of the FPC. -
Order 467B. Note thdt the higher the numerical category the greater the likelihood
of curtailment. Jhe’fips’ervqﬁoh and economic benefits associated with an 1US make
the timeliness of its donsideration that much more appropriate, especially in light of
the presence of the F;PC Crder. In addition, it seems inevitable that gas prices will
rise, probably exceeding the price of fuel oil. The-consensus is that deregulation
would cause this*to ‘happen rdpidly. . Efen regulated gas is receiving price boosts.

~- . FPC Order (bpinion No. 770) would ¥esult in the price of ngw natural gas being al-

r:osf trlplec-i:l ‘ ;- S L - ,

" Fuel Ol Availdbility: = Until the ‘oil imports were disrupted by the oil embargo,

... the United States oil“consumptton’ increased 4 t6 5 percent per year. ‘Domestic oil

. production peaked in 1970. The discovery. of new reserves hus fallen since 1966;

~% the Prudhoe Bay field in the Alaskan North Slope being the only major exception to
this trend. With consumption Ewtﬁfripping domestic production, the United States
was dependent of foreign sources for 19 percent of its oil supply by 1959. By 1970,
this dependence had grown to.26 pér;:ent, ard by 1975 had reached approximately

40 percent and continues to grow.

~

¢ [}

" In a recent-report prepared’by the Library of Congress, it was predicted that overall
energy shortages will be 7o million barrels per day in oil equivalent in 1977;
10 to0 10.6 million barrels per day in 1980; and 9 to 10 million barrels per day in
1985, assuming an energy growth rate of 2.8 =" 3. 1. percent yearly over, the next 10
years. The Library of Congress report also noted that "any additional oil imports to
the U.S. will have to come from the Eastern Hemisphere, with most of that from the
Middle East and North African, countries.” | .

-

but most heve, eifher through a statewide plan or by individually,filed company tariffs, '

Nowrr
.
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The conclusion to be drawn from these somewhiat ominous predictions must be that,

while oil would appéar, to be available as a fuel *for an IUS, the supply might well ~ -
be vulnerable to further disruptions.as occurred with the Arab oil embargo of the not

too distant past.

g

. ) . . -
0 . - »

Coal Availability: B s widely known that our nation's.coal reserves are enor- ..
mous. According to a‘report issued by the Council on Wage and Price Stability
(1976), the outlook for coal prices over the next decade is favorable with good pros—
pects for price stability. About 83 percent of the known economically recoverablé
energy reserves in'the nation are.in the form of coal, and at current prices the mine-

able reserves are enormous. ° PR

&
el

While it is generallys«conceded that coal is not presently being produced at rates .
that can fill the overall energy gap, there appears to be a sufficient supply of both
low and high sulfur coal to meet the needs of those installations which have the
capobility to burn coal. It would also appear reasonuble ta assume. that the price

of coal per Btu will continge to be lower than the price of fuel oil .. s
Conclusions: -Although the relative .c.vcilobilﬁ‘y of fuels will vary by region, it
is apparent that at some juncture most institutional facilities will feel the effect of

the energy crunch. In this instance the posture.of yeur institution should-be one of

preparedness. Time; which is of the essence, has been lost == so faced with the im- =
pending crunch, necessit should provide sufficient stimulus for decisive action.
This decisiveness ¢an take many forms, but if your intent is to establish some measure

" of independence from the fuel shortage ond the rising cost of delivered energy, then
. the 1US concept will warrant serious consideration. . On-site generatian coupked with’

the appropriate integration of subsystems can afford greater reliability of utility ser-
vices and eqan result in a reduction in overall ener

serving a very valuable commodity. . .energy! . -
The Ccﬁcbilify of Combug‘?iﬁg Multiple Fuel Forms s Lo )

"As was illustrated previously, the nation is faced with the unpleciant prospect of a
shortage of 6il and natural gos in coming years. Further, it is anticipated that inter- -

state natural gos prices will continue an the upward spiral thqt hc':s‘been‘w;tnessed
since F973. Along with this poté’njiol crisis comes the difficult problem of deter-.\‘?u
mining who will be permitted fo.,usl,g these-commodities. For sofety'ss_,éc\:ke, assumie -
that you will not be one of the privileged. With this in mind, cxptore the vi-
ability of implementing o mutti-fuel combustion process. The ability-1o swilch to

altgrnate, more available fuels will enable your institution to "roll with. the pShch",

fence, lessening.the impact of p;oiected shortagés .
B ) E . v ’ B ) . . R

s . . -
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gy costs, whife simuitaneously con-
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.thought, because, by intent,. the multi-fuel capability affords the opportunity oft-

foa
-

There’ exlsfs a multiplicity of advantageous fuel cembinations, all of which, subject
to s:fe-—specuflc investigation, could have a dramdtic effect on both stability of
service and bottorn line ecorfomics of operation. The latter point bears second

f:mes to prudently subsfitute the combustion of the cheapest fuel cvc:lcble at @ .
gwt—;n time. In addition.to coal, one solid fuel form that is gaining in popularity

-is wood residue. In certain areas, wood is available in plentiful quantities, and

presently is extremely cost competitive. . It is currently being burned in boilers in
Alabama; Vermont,  Oregon and.Arkansas m quantitiesdvhich encornpcss the size
range of umversmes and medlccl fccnhhes : :

» .
The intent here is-nof to prohore'wood but to stress the point that, unless constrained
by segulations,-:an institution can always be burning the least expensive fuel available
at any given time. This multi-fuel capability alone could give you the ability tore-

-duce fuel costs 10.t0 20 percenf* - ) ‘ ..

Aside fram the porenhol flncncml benefits to be derived, the most significant ad~

vantage of multi-fuel combustion capability is fhcr it provides the hlghesf assurance -

of fuel availability. : - ¢ _ . T } .

Spccé %\vcilcbi'ﬁﬂy e - _ . .

The type of generation system and the type of fuel under consideration can have a
significant effect oA land requirements. For instance, dependent of the fuel, areas
have to be set aside for such mc:c‘en!cls as fuel storage, gas cleanup, and ash hcnd—
ling- o } .

Rehcbulnry and Adequccy of Publ:c F’owel Supply ' %

A mc|or conaderchon for ms?cllmg on-site electric pOWer generation in addition to
cost savings is the potential Jack of reliable:electrical.power from the conventional

“~electric utilities. A number of curhanchve sources, including sources within the

electric utility rndushy, ‘are-predicting the strong possibility of large scale brown-
outs, black-outs, aond curtailments of service before the end of the 1970’ s in many s

sections of the c0unhy s .
Furrher according ey lcport by the Techmccl Advuscxy Cornmnfree for the National
Rclrcbllriy Council (July, 1975) entitled, Review of Overall Re liability and Adoquacy
of the North' Amecrican Bulk Power System,.certain frends are evident with regard to

“ - the lack of cvqnlcb;lnry of power supply adequate fo meet projected demands. ¢
S ' ’ b§123\ P P ] ' : ' ‘ o -
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J -The futere fel:ab:hfy and cdequccy of electric bulk power supply depends on the

- : . o . . . . v -

- = - . . o " ;

timely*installgtion of new generation and frcnsmnssnon factlities. to meet the pro- .
jected- electric Hoads and provide_ sufficient reserve capacity for conthcncnbs The
report espec:olly era&hosnzes the Fcct that present high levels of reserve capacity in

~this colntry appear to be primarily. the resuH of the severe declme in mdusfrucl/ -

‘cchvnfy T o < -_;- ) \ -

. .

.

Power consumption was cons:dercbly reduced dun ing the per:od oF energy owareness
brought about by the Arab oil‘embargo in late 1973. "As.can be seen from anune
lI=4 on the following page, demand tumbled in all sectors of electric consumption,

but by 1975 the residential and commercial sectors had bounced back to near his~ -

iy

toric levels, . ihile the industrial demand remained |ow - The result has been'that : N
the total kWh sales have only increased by about 2 percent this year. It has been

suggested that the lagging economy is the reason for fhe continued reduced electri-

cal demand by mdustry When the economy improves, industrial consumpf:on could

be expected to increase if the historical correlation betweéen pow%consumpfxon and

gross national product still applies. Then, instead of reserves running comfortably

in excess of 20 percent, the resulting reserve. pncfure could be as low as that shown - 4

.on the facing page. Figure Il-5'shows a high of 15 percent.in 1976, falling steadily

_ toa tevel of 7 percent in.1984.. Electrical supply sfcbdrl’y requires reserve capability _

“in excess of 15 to 20 percent, and the lack. of -tHis level of reserve should cause ad-

“service. ‘ o ‘ . "

rate hikes they claim are necessary.to provide the capital for exponsuoﬁ -For excm—

ministrators oF mshtuhoncl utility systems’ to be concemed about the rellcbxhty of

. ) . -,
- . A . PR : P
> L

The threat of p.ofeahc”y unreliable:@lectric power supply mdnccfed by the. dcfc ih
Figures 11-4 and 1153 exccerbcfed By the possibility of future posfponemenfs and
cancellatioris of .genérating plants. The magnitude of the problem is further increased
by construction delcys resolting from hcensmg pyoblems, by ‘nuclear controversies,
environmental and site related issues, by the lack of.-assurance of an adequafe and
dependable supply of primary fuel, cnd by the mcb:Tnty of utilities ’;o push-through

ple; Alvin W. Vogtle, Jr., President of the Southern.Company, a utility holdmg
company, stated in SOUTH MAG AZINE last year that if his compdny did not get the

needed construction funds, "for, Georgia Power‘, instead, oF hcvmg a 20 percent re~-

RN

serve, we'll hcve oan aStob percenf L 5 . 2
In the past, deficiencies i generating ccpccnty often have been met by the mstc”c- _
tion of combustion turbines. This ophon is fh!l open but the' uncvo:loh:lnty of gas, ..

- and the: limited avdilabilify of low sulfir oil ‘makes the. use of such equipment vul—“'

nerable -- even for peaking purposes. |In addition, the lead fime for the installation
of such capacity has now fhereased to. % long as three years so that combustion turbines
no longer-constitute a fast option for el®tric utilitics to meét uncxpcctcd ioad in- .-
creases or delays in generchng equnpmenf msrcllchons-

s

f1-10. -



kWh USAGE - JULY 1973 - MAY 1975

Y
hl

¢ 12 . ~
- !
. z A
o 104
=R
32,
4 g J
8 > & -
= 3 £
- £33 - . 3
>4 RESIDENTIAL CONSUMERS
- &
g £ 2- ’ L—- SMALL LIGHT AND POWER USERS
‘G o - (COMMERICAL)
o V-04
> =z > v
T é 7 LARGE LIGHT AND POWER USERS
. Z 5-21 { (INDUSTRIAL)
g - 4 D '\ / \f— >
t 4 . .
1 .. - , ‘ Source of dato : EE!
-6 s - . - o . . , \j-'ol : . \_.—7:
w3 T " 4/74 Toema o e 4/75 °
N - PERCENTAGE CHANGE xqowea USAGE 8Y USER GROUP, ‘
FIGURE [I-4 .
R - 7 rwf’”' | . | NN ig T
. &;-;-'—& ) . PERCENT RESERVE GENERATING CAPACITY
° . A o AT TIME OF SUMMER PEAFS'
. -301 i Contiguous U.S. % A
- SUBCOM l"'TEE REPORT SUGCESTS PROJECTED {ESERVE MAY BE
28 . ART lALLY F*IGH DUE TO DEPRESSED INDUSTRIAL,CONSUMPTION
7 a3 B
o4 . 7 .. LOADAND CAPACITY FROMt oy » . N
s | . . MAY 1975 DATA -
o w: | _ N S _ _ ' -
B I . . . SUBCOMITTEE REPORT SUGGESTS ACTUAL RESER\’E REALISTICALIY
9015 4 i 'COULD BE AS LOW AS THIS CURVE Y
[~ .
R
Ld w
s 10 <
3 J{
: o - CAPACITY FROM Y 1975 DATA -
- B . LOAD FROM APRIL{ 1974 DATA ‘
~ 1 e C |
SOQURCE: INTERREGIONMNAL REVIEW SUBGOMMITTEE ‘OF THE . TECH NICAL ADVISORY
. COMMITTEE (July, 1975) T 4 : :
0 L I i L, T I g T T ) S 1 -

A 1975 1976 - 1977 1978 1979 1980 1981 1?82 1983 - }984

S —~ . ¢\ v FIGUREI-S . . o 0
ERIC , - . - R (\./
==L 7 T qg =




’

\

. ~ . E . . .
e - . L . ‘Q,
~

The intent is not to imply that the'eleétric utility industry is performing lessahan
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commendably. On the contrary; since the turn of the century they have c;b'r'ifi‘nued
.to supply reliable power at higher and higher efficiency. New ‘technology was

continually incorporated such as nuclear power and higher pressure and efficiency"

fossil units, all designed to provide more reliable-and lower cost electricity.

- .

The electric utility’ industry is Ecught ina sifucfior;‘ beyond its c‘zfrol ; Thtey, did*

not cause the Arab oil embargo, mor did they mandate the stringent environmental -

. regulations imposed on them. They simply cannot afford to install power generation

“capacity beyond that‘which they can be reasonably certain thgt they can utilize —-
_ SEYETTEE , . 7 3

and thus pay for. : ; ;
Such sources of power supply as solar, geothermal, magnetohydrodynamics and wind
do not prgvide options.for significantly augmenting $enercfing’ccpocify during the
foreseeable future . These energy sources require major research and developmeént
etforts before they can be considered to be viable alternatives to fossil and nuclear
generation of electricity. ‘The primary electric power for your thstitution will
certainly be geherated with cénventional power generation equipment.

In view of the possibility that lo&d forecasts might be low; the paucity of alterna-
tives for effectively dealing with the consequences necessitates that €ontingency

programs be established by institutions, such as yours, to insure availability of ade-
! ) .

quate electric power. . : ‘ 3

And so the cautions continve. ..The preceding paragraphs serve to illustrate the
general feeling that drevails, namely, that at some juncture, power shortages may
well become a reality. What is fhe onswer 2 --=ls it on-site generation?, Is it
energy conservation? The problems are numerots, fhe'-cor;tingencics vague, but
one solution to this highly foreseeable dilemma could well be a concept known as
the Integrated Utility System. ) ’ \

- -

Impact.on the Surrounding €ommunity

-

IS oA o7 . ’ \ » N ‘ A . . )
: When considering the appeal of the 195 concept, one-must necessarily ‘address the

contingent effects on the surrounding community .- Although the extent of effect is
very much site=specific, physical, social, economic, service and aesthetic ime-
pacts will naturally be f\g&,cd onthe local community to some degeee. Initially
the siting of the- IUS is a factor; if the construction is on the perimeter rather than
the ‘center of a sprawling campus_then, ‘obviously, ‘the etfects of contruction will

be smore.noticcable to the surrounding community.
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The type -and condition of the existing en¥rgy ‘generation and distribution arrangement. . -

can have o major effect-on the payback period for an IUS. -In cases where age and
physical condition dictate the replacement or repair of major items.such as boilers or
steam distribution lines, then this, when' properly reflected in the economic evalua-
tion of implémenﬁng an 1US, will often result in a very attractive .invesxnenf alterna=
five where otherwjise it may be-marginal . - - ;- -

~

,Jnsrifuﬁo‘ncI/Orgcnivgcﬁoncl S S
. N ’ -

-y PO : .

The number and type of “institutional ggnsider'cﬁor\i vary widely depending on such.
factors as the number of community groups involved, state owned or privately owned
university~or hgspital, interest of the electric grid'in participating, and state laws .
pertaining to boadfigiPand financing. Other, more specific problems relate to the

- ability of the staff fo operate the mdre complex 1US hardware, the requirement to
development new job descriptions and establish new wage categories, and the netessity -
to revise management dnd accounting systems to effect distribution and sale of services,

7 to customers. The marketing of the product in a.multi-inshitutional arrangement could |
result-in the 1US falling undér/fhe jurisdiction of state regulatory groups. . o

kS

o~

< r . .. J '
Economic Feasibility - - ' " / :

v

Although an 1US has overall econemic advantages, competing altern&tives for mission
oriented projects, e.g. new library, could result in an 1US not receiving the endorse-
ment required to insure implementation. In these cases, the self~liquidating nature of
IUS needs to be emphasized. This could result in even more€apital being availabte
\for more desirable mission related pr_oieé:fs. I . ® .

(;\ ; - Y - .
'éEven' convinced of the economic desirabilitx of implementing an IUS, the capitg|

funds just may not be available, especially in the case of a private institution. One
should then explore the caseé whereby the electric utility company servicing the area
would own the generating system and sell e‘lecfriqh‘y, steam and hot water. Other =~
_ third party options may also be available. '

’ . 4 :
In gny case, it is imperative that the institution address the avenue for funding early
cngf cc{lefully plc!‘a-ifhe strdtegy for obfaining the necessary capital. .
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S -~ FIGURE.lI-1 - L.
o e - SCHEDULE FOR CONSTRUCTION o
o oF. L . ‘
INTEGRATED UTILITY SYSTEM AT UNIVERSITY OF FLORIDA
s . ‘ () % . o
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THE OPTIONS

-

The Planning/Implementation Cycle

The consideration of options may begin as the result of a sngmf:cont event such as
the constriction of an available fuel supply or perhaps simply through an awareness
that the status quo is in jeopardy. Whatever the reason and whatever the frame of
reference, be it cost, ecology or conservation, the IUS concept may afford the
opportunity to improve the performcnce of a unhfy opecration, either p]cnned or
existing.

To do nothing may be entirely inappropriate because of the trends in cost and avail-
ability of fuels. On the other hand, to do anything if it involves a change of any
significance in the utility systems will probably require from three to five years in
the planning and procurement process.

Clearly then, any nnshluhon which generates its own heat and has its own utility

distribution system should assess its position now. At @ minimum this should include
a review of theTnstitution's pattern of expansion in the use of fuel and electricity; -
a review of the national and regional trends in fuel and power price escalation and
availability; consideration of existing contract agreements for utilities, dssessment
of existing or potential preblems in land fill, calculationof the annual rate of in-
crease of total utility bills; and a c0mpar|son of the proportion of uhlnty costs to
total budgef now as opposed to fhree or four years cgo.

With that information in hand and wifh knowledge of other insﬁtufioné‘lac0ncerns

and aspirations, it should be possible to moke a reasonable conclusion as to the need
for further consndercf+on of the utility serwces problem.

f -

ftthe 1US concept appears cppro;mte to WS: what do y0u do next? Simply
stated, mveshgcfe the elements of integration. ‘What is called for at this juncture
“of your evaluation process is an in-depth feasibility analysis. The analysis will
provide you w_n%he means to accurately gauge the alternate subsystem alignments
and their contiffigent benefits. This systematized monitoring process inevitably will
clearly delineate where the bulk of the'savings are evident. It may well be that

your own site=specific qptimization turns out to a partial 1US -~ fine. Having con-
ducted the Fecs:b:hfy analysis, reviewed the fmdungs, cgreed on the most productive
alignment, what next? The answer. . .conceptual design. The conceptual design
phase of your projcct allows you to view an identifiable product, namely, your on="
site power generatton and your optimized subsystem integration. The cos! benefits  «
suddenly become more meaningful, the potential more substantial. Your institution
has now accomplished the first step in attaining the much sought after 'securifz
should energy shortages become a reality. Funding and implementation follow . _—

. ‘
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~ As part of planning and effective program implementation, one should curtail utility
system improvement programs to the extent practical when initiating an 1US feasibility -
study. The reason being that the utility structure most compo’hble with an 1US mcy
not be that which is part of some on-going expansion or rehabilitation program. - To
continue with the expansion plcm could result in a siructure for which the economic
feasibility is not viable. In any case,. the postponement of improvements while com-
pleting the feasibility study should not be tonger than four to six months.

The Existing System

A thorough examination of the existing utility system is of prime importance in order
to determine the level of subsystem incorporation that will provide the best economic
return. To this end, the remaining operational life of the existing utility subsystems
should be established, and the cost for their replacement determined. Because of tHe
increased cost of energy, any piece of eqetpment nearing the end of its life expec-
"tancy might well stand replacement by machinery that has been specifically selected
to provide improved thermal efficiency--possibly in the 1US structure. Compatibility -
with future planning is a major factor which adds to the appeal of the 1US concept.
M0|or 1Us subsy?.fems can often be effectively mtegrcred into an exXisting utility . .
. structure ih a modular and incremental way. This results in a less ccp:rcl—mfenswe .
~ implementation procedure and often a relatively short return on investment period.

~
e

In line with the main objectives of the IUS concept, namely, cost savings and energy
- ' consefvation, the existing system should be carefully examined for excessive energy
consumption. These losses can be quite large and the accrued benefits fl om correcting

defucuenc:es can be substantial.

- *
-~

Energy conserva/rion as such is an impetus state, in that recognition of initial wastages .
prompts |pveshgohon of other wasteful practices. In-effect, we are advising, that one \
never underp]cy the energy awareness attitude, as it isa vital prerequisite to a mean- .
" ingful conservation program, pcrhculcrly if the tofcl system is kept in mind.

In a conventional utility system, the subsystems are For the most part considered to
function separately from each other. Waste energy from each is rejected to the, en-
vironment. ‘In an IUS, these separate utilities are-combined to reduce the total
requirements for energy where possible by interchanging waste heat between utility
subsystems, thereby reducing the overall adverse env:ronmenrol impact and lowering
the life cycle cost of rhe utility services.

- & ) ' N
At this juncture, an identification of the basic differences betwee:. -otal and select
energy systems, which are the key to a successful [US, should be made. These systems’ - \
are described schematically in Figure 111-2.

L \
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On-site electric power can be generr'é:fe/d'eifher completely independently or in
parallel with the regional electric power supplier. Independent operation means -
just'that. The electrical tie between the local supplier and your institution is
‘severed. All necessary reserve and ‘emergency capacity must be prov:ded by your
energy plant. If your demand exceeds generating capaobility,. then yov must shed
electric loads or reduce voltage (brown- oufs) This independent mode of opel;chng
is called Total Energy. An alternate mode is operation in parallel with the local
electric utility. In this latter mode, the local utility provides all electric require-
ments over and above what you generate on-site mcludmg peaking and reserve
requirements. The-capital cost of maintaining this reserve capacity is paid for in-

- directly by the institution through a demand charge. The choice to own, operate
and maintain the local reserve and backup depends, naturally, on a balancing of = .
potential demand charges against self-maintained reserve costs. . '

v < - ~

; . ‘ : ¢
2% In either system, if there is insufficient thermal energy available from electrical )
, :??o&er genercNon, conventional boiler systems can be wsed to supply the deficiency. =
Highest eff;c:,e?ncy of operchon occurs when the recoverable energy from the elec-
trical power generafion matches the thermal energy requirements of the institution.
For this regson, the maximunr percent return on investment and the shortest payback
period is. going to come fgom select energy systems operating at full elecfn;cl ccpc-—
city and utilizing ali of the chIIOble thermal energy.

-

vas)'sfems as Key Co?nﬁonehfs ' ‘ - .

- ..
-

As stated previously, fhe optimal situation would be perFecf chgnmenf of the elec- -
trical and thermal load of a facility. The probability of this condition ever prevcrl-
ing is exfremely remote; however, there are measures:that can be taken to :mprove

. the alignment; such as energy mcncgemenf and energy sforcge. B . -

.
-

. 3
: Energy Management Systems (EMS) are well sui,fed‘ for IUS application. The state
~of the art is such that*there are*many proven systems available in varying degrees of
sophistication for accomplishing a specific set &f goals. Although an EMS normally
controls a variety of parameters, the overall objectives are to reduce energy consump=
tion, reduce capital costs, and reduce peck demand. Reducing peak demand results
ina beffer uniformity in fhe.rct:o of elecfnc power to thermal power. ~
‘Vcrxous modes of energy storcge are commerciatly available and many more are
under active development. The Energy Research and Developmenf Administrgtion
(ERDA) has placed the development of new and nmproved energy storage sysfems as ’

one of its mc|or priorities. ’

The most likely sforcge media for thermal energy is watd | The storage system would

. be charged during off peak h s cnd dlschcrged to |fs pom’r of cppl:ccflon during
' P

. t
~ -
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high heating or cooling demand periods. The benefit to fl:.(éiov'ercll system is that '
the stored reserve allows an institution to meet higher fﬁ?\,mcl demands with-less
installed equipment capacity and af a higher overall systdm efficiency. This brief
focus on the storage aspect of an 1US further hﬁghlnghfs the mcgmrude of benefits

. - ossociated with the concept. * -7 . -~ . - -

The main avenue to achieving the economnc goals of an 1US is:by reducing waste;
“therefore, the selection of hardware $pecifically, to achicve ilgs goal is acritical .
concern. ladeed, when'in the process of evaluating past performance of ex:shng '
‘equipment, besure to temper your anglysis on the conservative side. For example,
" it is common assumptian that bojler efficiencies generally run in the range of 75 to

80 percent; in reality, however, this optimal condition rarely exists. Generally .
speckmg/_mos\r institutional {evel plants maintain operating efficiencies of between |
.60 to 70 percenf and only then if they ru ntinvously. If the system in queshon ”

is cycled on and off - ‘the effect on @perating efficiencies can-be significant. In-
deed, a recllshc estimate may even be as low as 50 percent. Realize that this con-
dition is by no means an exception to the rule, and fhot many operchng plcmrs fail

to reach even this modesr platéau’s

. - . >
L 4 . R s

Hcv:ng identified the need for the cpproprucfe and conservative hardware selechon,
we should further define what form that equipment.can necessarily take. The follow-
" ing is an encapsulated discussion of the available prime movers for- powerjf?eratron

in educchoncl and- med:ccl complexes o _ : .
Norurclly, rhe choice of, prume movers for on-site e|ectr:cc| power generchon will

'« depend on the type of thermal distribution system, e.g. high pressure steam or-low-
temperature hot water, as well s the ratio of power to heat' requirements. In =~ . -x 7

addition, the choice will also depend on the fuel availability, space availability, .

and enviropment&l restrictions. Some systemswill be ery-simple, others will consist -

"of two or more prime movers and multiple combustion units. A major economt‘lc ad-
vantage of the 1US concept is tHe ability to efFechve]y utilize existing subsystem- . .

- ' conf:gurchcns

-
-~ o ‘

. . o . i
Steam Turbines .

Simply stated, high pressife steam is produced by a boiler and then fed to a steam
turbine generator unit. As the-steam expands through the turbine, it puihes against

" turbine blades, turns @ rotor connected to a generator whereby electrical power is’
generated. ‘Sfedm turbines essentially are of two,types, condensing and non-con- 7/.
densing. The condensing type discharges to.pressures’below atmospheric, requiring - —
a condenser and coolmg tower. The energyfejected to the cooling tower is ulti- ) /\ _
mcfely wasted to the ‘environment. The non-condensing' (or back pressure) turbine
opercfes at exhausr pressure above cfmosphenc. In peincipal, all of the steam can
be uhl:zed for™ heating, coolmg or ofher progess requirements.

. —.
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The choice of which type to sel':e(cr depends on the ratio of thermdl to electrical

loads that are to be supplied by the system. Figure [11-3 illustrates both“a condensing
and a non-condensing steam turbine system. Steam is extracted at several pressure

" levels to supply (/CII'IOUS requirements, cnd feedwater heafers are incorporated to im=
prove the overall efflcrency o _, . ) |
For an 1US application, the steam turbine generator system has numerous advantages.

The thermal efficieficy of steam turbines for plants of the size required for educational

._and.medical complexes is relatively high, they operateé efficiently over-a widely
- load, licb
varying load," they are hlghly reliable and the operating and maintenance costs are

low when c3mpcred to most other prime movers. A further. significant benefit is the
fact that the associated steam plcnts are well undersfood, gnd they can be readily
‘designed to operate effectively .on non-premlum and more obundcnﬂy aVcllcb!e fuels.

Q -

'Reciprocaﬁng Internal Corr'nbusribn Engines

- PO &

¥

The rec1procchng engine, whether it is gas or oil burnlng, is genegally recognized as

~ one of the most efficient power sources available for on-site eiectrlcol generation in °

that its heat rate compares favorably with the best fossjl fuel stedm turbine generator
units. The waste heat can also be recovered ard used for satisfying thermal energy re-
qu:rements of an institution. There are two types of recnprocchng combustion engines
in common use for power generchon. One type is the diesel engine (compressuop
ignition) which cari use oils of various grades. _The diesel is often designed to utilize
both oil and nafurcl gas, thus permitting the purchcse of the most economically avail-
able fuel Anether type is a spark ignition such as the curomoblle engine which uses

. more expensnve gasoline or high volatility Fuels

- .
]

-

Inter cl combustion. engmes used as prime mover sources are called upon to deliver
r_el:c&? trouble free servnce for long periods of time. For this reason, lcrge, slow .
speed efigines operating in the 400 rpm range or less are preferable*to small, high

speed engines operating at'1,800 or 3,600 rpm. The:slower engines experience less
wear on the moving pdrts of rhe mechcmsm and. are not as hlghly stressed rhroughout

as are H'he high speed units.

Gas Turbines o s N .

1 s e

Gas furbmes are a third fype of prime mover utilized. for’power generation: - They.
‘have for many - years provnded service: forbeckmg aitd backup units at large elecfrl,c
utility stations and as the principal source of power in such applications as universibies
and shopplng\centers where there is a use for waste energy. The principal of gas tur-
bine operation is similar to steam turbines with the exception that combustion gases

are expanded through the turbine rather than steam. Thermal efficiencies of gas tur-
bines are fower than steam turbines. The overall system efficiency, however, can be
improved sngmﬂcanrfy by placing a.waste heat boiler on the discharge end ‘of the turbine

~ o . L .
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and usmg fhe recovered energy to’ prowde thermal locds
) | &
Combined Cycle ; ) <

~

Efficiencies even higher than the’simple cycle gas turbine system can be cchleved
by uhllzmg a combined cycle. The term combined cycle is given to'the power sys-

" tem.consisting of a gas turbine and a- -steam turbine combined in such a manner that
the high temperatufe gas turbine exhousf”,ls used to produce steam for a steam cycle. N
- Generally speaking, there is sufficient thermal energy in the exhaust of a gas turbine
to produce an additional 50 percent electricity ws@no additional fuel. The major
manufacturer of combined cycle equipment launched an aggressive marketing program
several years ago and, consequently, this concept is becommg quite popu\lcr through-
out the country. . .

N o ) T

An option to the combined cycle concept described above'is the variation where

- supplemenfcl firing of additional fuel takes place in the heat recovery boiler for the -
steam turbine. . This concept fakes advantage of the fact that i in order to limit the
“temperature of the combustion gases entering the gas turbine to values compchble
with turbine blade material femperci’ure limitations, considerable additional air be-
yond that required. for complete combustion is introduced into the gas stream. . There
is sufficient excess air-when combusfed with supplemental fuel to generate an addi-
tional 50 to 100 percent electric power beyond that generated by the unfired system.
The thermodynamic advantage rgsults because this combustion air is cpprox:mcfely

'800° F and does not have fo be. hecfed from ambient temperature. . -
. . . ) r
The combmed éycle variations offer cddthonal clfernchves i ophmclly schsfymg - |
: ﬂ:e :mporfcntamho of thermal to elecfnc energy requrrements-- & v "4 ' .

< . ~ g .
! The precedmg pcragrcphs have prov:ded an éverview of the various prime movers
associated with on-site power generchon. Of necessity, the characteristics of exist-:
ing facilities, utility loads and energy source availability will have a major influénce
on the options available i(:r;ife?-specific instance. In evaluating which options can
be best used in an IUS, certain criteria should be followed, such as fhe'pofenticl for
amalgamation with other subsysfems, system efficiency and lastly, a prime factor, _
. capital cost. Although the demonstration-of the advantages of the IUS concept has' _
. been based on proven fech#ﬁl‘bgy, “this does not preclude a given institution from ]
.lmplemenhng advanced technology: subsystems in an [US. The 1US concept is com-- ;..
_patible with new technology, and new fechnology can generally be readily incor- -
porated info a new or on-going system. - A prime-example of this mtorporctuon would
-be solar hechng'to augment the Tmermcl loads.

» -

We shcll endecvor From this point onwcrd\fo- define the subsystem structures along
with the ophons for integration that are immediately evident. A point that cannot
be overstressed is that ophmcl Forms of IUS are very much site-specific. Further,

Il

-8




/

. eFF:cnenr and cosf effective @ manner as is prcchccl : 2L
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“it'is nof always. the case that ophmlzchon results from integralion of all 1he subs’yslem

configurations. The economics of various subsys+em alignments will determine just

“how feasible a proposed integration might be., Indeed, .in some instances conhngenr

benefits’ w,||| assume a d:mmt;@ng return sfofus after the initial integration of the
power. generation and space ¢onditioning subsy‘stem utilities. If this is the case, - your
objective will have been attained in that yOqf institution will be operchng in as

(:

- . 1" . -
“ o . . . .

. . - R - . : . C : S
Heating and Cool.mg Subsysfems L o - \df;

Hechng aond: coolmg requ:remenfs on a umversni'y ccmpus or in a hospital are generclly R
distributed’ to the end use as steam or hot water. This can be.ejthes high pressure or

~low pressure steam or_high temperature or 16w temperature hot water. The higher the

pressurerbr the higher the temperature, the smaller the distribution line sizes and, thus,
the lower the distribution systém capital costs. However, in an IUS the higher the
pressure.and temperature, the greater the loss in p?fenfrcl for producing electric power.

. It just so happens that in many institutions, at fhe pomf of end waste, the steam or.

\tcfer ts converted to a relatively.. Tow fempercfur'é; sefore bemg utilized for comfort ..
loads. Thus, if the distribution system could accammodate ‘or be modlfled to cccom-‘
modci'e ‘low pressure steam or low temperature hot-water, a significant economlc ad-
vantage could result. An excmmo’no,p of selected sites has.shown ‘that conversion to
fow temperature hot watef or a reduction in th d:sfrtbuhon pressure is a.definite .
possibility. Another alternate results from the fact that many institutions have a :
continual on-going utility system upgrading program which includes distribution lines.
Conversion to low temperature or |ow pressure dlsh'lbuhon could be mcorporcfed lnfo

fi‘i&f progrcm : * - _ .

Ery
-

: ’ ) \
"~ The cool tRg loads of umversﬂ'les or Rospitals have, an annual eycle which pecks in. fhe .

A
summer and is min§mal .during the winter. |If elecfr:c mofor-dnven‘cenfrnfugcl ;:l'nllers
are used fo prcwrde cooling,” the peck electrical demcn_d by these machines witl occur +
durmg the summer when hec’rmg load-#equirements. are mlmmcl cnd ‘the waste heat can 2

not be effectively used. " If chorph on chillers are used,” opercfmg -off of wcste heat
from power generation, there will be‘a better bclcnced eleci‘rlcal demond,‘ esulting . é
in a significant improvement in the overall sysfem efficiency. ¢4
. - : l - N i 2
,'SolidiWcste Management ‘ L o o :;"

. The solid wcste genetated by an institutior can often be uhl:zed fo cdvcntcge inan 7

1US structure. The fraction of recoverable energy from the incineration of the solid-.

wcsfe will be in the average range of 5 percent of the fuel requirements for heating #

- \and cooling. In addition, the solid waste will be reduced fo approximgtely 5 percent

of. its original ‘volume and will be in the form of a sterile residue, greatly reducing. :
landfill requirements. Further, should the [US incorporate a coal fired boiler, the

disposal of.this ash, also a very sterile residue, can be accomplished in a convenhoncl
landfill or it.could be used as a fill material .

| m-o D g
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Water M‘(‘J\ncgemenf - - e, v

' cher must be supplied fo an mshtuhon for human consumption, makeup for vcnoq

vwcsfewcter must Be dlsposed of - consnstent wn‘fh‘cpproprlcfe em7|ronmenta| requurem

"a manner that water 4s conserved and fhere is a minimal negctIVe envn'onmentgl j

. any -potable water application with the exception of human consumption.

‘and fire protection. - o .

By lcr the: snnplcsl approach 1o heat fecovery from incincration s providing tow

‘pressure steam for heating and cnohng purposes.  This appr oach fits in quile well

with a diesel or gas turbine where there is often a deficiency in thermal energy avail-
oblc from the clccll ical power production. -

. A higﬁly'effecﬁve methbd for introducing the energy recoverd from the incineration

of solid waste into the steam Rer cycle is by preheating the boiler feedwater either
in an economizer ‘or in a high pressure feedwater heater. In this approach,: the re=-

- covered energy from solid waste incineration is ccpfured at a higher quality. (temperc—

ture and pressure) and much- greater advantage is taken of the thermodynamic avail-

| ability of the hot incineration gases. Preprocessed solid waste could be supplementally

fired in a coal fired uhhfy type boiler. Prelurmnq,&conclusnons indicate theksupple-
ental firing in the range of ‘10 to 15 percent of the total Btu input may be supplied by
mum_c:pcl solid waste (MSW) with minimal p?gblems._

- ”

In order to take advantage of the economies of scale in utilizing solid waste,-an in-

. stitution may wish to incorporate the wastestream from an adjacent community. There.
~are,a multiplicity of institutional and‘ jurisdictional factors which must be addressed

prior to such an incorporation. Not the least of these would be possible reali
of collection areas, along with guaranteed umformlfy of service and rate schedyles.

These, plus a number of other c0n5|derchons too numerous to cover hérein, should be

sub;ect to careful evcluchon. L

.
= - A

~ .

-

utility services, and irrigation. .The supply source can either be provided from local
surface or well water or it can be imported from some external supply. Likewise,; [

pact.” Possible uses of treated wastewater that would save potable water are p

°

Thé cenh’d' 'fherhe’iﬁ water mang : emerit,' other fhcn drinking.‘wcfer, is té us

: ,Slmllarly, fhe frecfmenf level need@nly be sufﬂmenf to satisfy the requuremenfs of "
;. the specific use. The poferl,/al exists for an IUS usihg renovated wastewater in such

non-human contact purposes as cooling tower ‘makeup, .flué gas scrubbers, irrigation,
(\' .. | N : =
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As has been stated carlier, the success &7 1he 1US depends gn the level to which
specific subsystems can be efficiently .integrated. The cascading of energy from one
subsystem to the next, rather than rejecting the energy to the envirgnment, is the
. - element that affords the potential for savings. This chapter has sought to indicate

to the reader the structure of existing utility subsystems, and to delineate some of
-the options-available to bring about optimal realignment under the structure of the
IUS concept. If there is o major advantage evident, it is that the requisite 1US ..
technologies can be implemented immediately. This indeed is the very heart of the
IUS concept, namely. . .the effective utilization of proven technology.
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THE UNIVERSITY OF FLORIDA AND CENTRAL o %‘”
MICHIGAN UNIVERSITY IUS EXPERIENCE E P .

-will provide standby thermal generating ccpc'cij\y.

o

" In order-that the reader migm:%lnofe to his own institution, the experience from the

encapsulated documentation of the findings of the IUS feasibility studies of the Uni-
versity of Florida and Central Migiigan University utility systems are included.

P
*w

Starting with the knowledge that each solution myst be tailored to the site, the
following recommendations resulted. The recommended approach_for the University

of Florida consists of coal fired steam turbine generators operating a§ a Select Energy
system and providing up to 85 percent of the electric power requirements. The rec-

ommended system for Central Michigan University is also a coal fired plant with a
steam; turbine generator producing 100 percent of the campus electrical energy re-
quirements. This recommendation is a Total Energy system and, as such, complete
backup of the power generation system will be required. dhe existing heating ptan

- A\

" The University of Florida, Gairesville, Florida

The University of Florida, which has a student body of 28,000, affords a large but -~

~ contiguous site with appropriafely large electrical and thermal loads. In ﬁ's.'calyecr;

1974/1975, 120 million kilowatt hours and 984 million pounds of steam were pur-~

. chased and generated respectively. The vast majority of the electricity. was purchased

from a local ufility, Figrida Power Corporation. Allof the sfeam was generafed with
gas/cil fired boilers in the institution's existing system. A feasibility stud® on the

-

o' An lUS at.the University of Florida is attractive, offefing significant
' utility operation’and maintenance savin The proposed 1US design
. at the University has a payback period ‘cﬁess than 5 years starting
from date of operation. e . . N

o  The present worth at 6.5 percent, the payback period, and the interest
rate of return on fhe investment for the recommended system is-$71 | .

million, 4.7 years, and 23.3 percent, respeciyely.” - /\\\v‘

 Florida basgline operating costs amount to $10,017,000 (1981 dollors),

o -An IUS reduces overall utility operations costs. - The Univ?sify of )
at $5, 967, 000.

while thes osed 1US design operating costs are estimate

This represénfsQnef annual savi/_dgs over the baseline case fof 40 percent.

L]
e ’
™
> *

~ potential for an IUS at the_Unfyersi&of Florida resulfe-jd in the following pl:\s.jeerfions: S o

‘\-,
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o AnlUScan genergfe a s:gmhcant po}on of the requ:red power.
»  For the University of Florida, 85 percent of thd elcctnc power w:Il
be provided by the recommended JUS. : o f

o Solid waste incineration wijlrheat recovery and waste volume reduc-
. = . i
tion are advantages derivéd from an IUS.

o Alow temp‘er&ture hot waler distribution system can be incorporated
into an 1US to provide sigrfificant.additional energysand cost saving
advantages and a payment -on that increment of less than one year.

. >~ - s o .

o It is not necessary to implement a completely integrated utility to.
benefit from the concept of an IUS. Substantial benefits can be.
accrued by portial integration, thereby permitting phases of the

_investment. .
- f

o~ An IUS can be compahble with an on=-going utility szstem expansion
program. - ’ _ .-

The propbsed Infégraréd Utitity System at the Univetsity of Florida is shown in Figure

IV-1. The utilities provided for in"the integrated system are electricity, heating and

. .coolmg, wastewater treatment, .and solid wast ]manqgement. The ‘only utility not
- provided for by the 1US-is potable water. . The/University will purchase this utility
. from fhe city although on—sn,fe production hdebeen under cbnsuderatmn for several -
" yeats. The treated effluent, fqr the _siexvage cc;hty is to be used for wrugahon and

‘cooling tower makfeup

'\

 Central Michigan Umversﬂ’hpunf Pleascnf Michigan

Unlike the University of Florida, whic}- has @ rplatively large utility system, Central
Michigan's only ujility service is the production of steam to meet the héating and
cooling demands of thg campus. The University-& .2ncompasses 862 acres and has a.
student population of 16,000, of which approximately 7,000 reside on campus. The ~
weather at Central Michigan University is rather severe and the central heating plant
produced- 350 million pounds of steam in fiscal year 1974/1975. The maximum steam
demand experienced was 125,000 pounds of steam per hour. Electrical consumption )
for the same time period was a relahvely fow 24.1 millon kitowatt hours. The max- \

- -imum electrical demand experienced vms-opprox:mately 5,000 kW. All electricity is

Fd

purchased from the Consumers Power Company. The pr:rgary fuel of the boiler plant.
is: ncfural gas from domeshc and Cangd fan. sources.

¥

The r_esulfs of the 1US feasibility sfudy performed on Cer{tral Michigan: Unlvers:-iy re-

sulted in the llcw:ng conclusions: =~ - o

SO . o
; 0. AnlUS facility is‘_feqsible'af Central Michi}g‘néniversity. .
Iv-2
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o The. present worth of the net savmgs ata7’ percenf discount rale, the
“payback period.and the interest rate of return for the recommended
system are, respectively, $9; 177,000, 11.4 years and 12.5 percent.

2. The cost of utility. opérations will be reduced by the implementation of
. an IUS at Central Michigan University. The existing system baseline
‘operating costs are $2,354,000 (1981 dollars). The proposed 1US design
9perahng costs are estimated at $1, 133,000, representing a nef annual
savings over rhe bcsehne case of 5] percent. -
) 3 .
o Incineratian of municipal solid wasre‘_Frdm Central Michigan University
- and the City of Mount Pleasant wds found to be economically viable
and will result in the displacement. of 13 percent of the annual high -
grade fuel requ:remenfs _ Y L

The existing utility system and recommended IUS facnlmes are shown in Figure IV-2
The 1US facility will initially provide power generation, heating and cooling and

solid waf\‘e‘* incineration with heat recevery. A subsystem for future integration is @

selective sewdge plant sized to produce enough treated effluent to meet the makeup
rand wr:gahon water requirements of the bonler plcnf and’ campus, respechvely
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CONCLUSION - R &, ST

‘ 'The increasing cost and nmpo&cgof providing reltcble utility sefvices to educa-
’ tional, medical and municipal commynities undoubtedly requires the enlightened
y 'cffenfron of planners, administrators, builders, and operators of utility systems serving

- these facilities. The implementation of the Integrated’ Unhr?« System concept can
ubsfcnho.lly reduce the costs of providing thesé services while conserving energy and ~

i yef meet the various imposed environmental and institutional constraints.
B 4 } ; ~e ”
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4 The potential for a sucéessful TUS msfcllchdn exists thioughout the country. Every
-'u’nhfy system in the United States has, in varying degr&s, been adversely, affected
~ by the rapid increase in costs and decfasing availability of one time plenhful fuel
- sources. Faced with the spectre of outright curtailment of some types S%of fuel, the
capability of being’able to fire a number of various types of fuel becomes increasingly
" more.attractive. In addifion to fuel cvwlcb[hfy, the traditional method of solid waste.
mdnagement, namely, the landfill concept, #%.also under fire as the cvcllabnhfy of

- -usable land decreases and costs increase. Also, the awdreness of the energy\pofe'nhcl L

» contained within the wcs’res has shown that simply disposing of the residue is tanfamount
to burying substantial amounts of money that could be recouped by incineration w:fh

operc’non would reduce the’ amount of waste thcf would ultimately have to be disposed
of, thus scvmg the land. - ‘ :
A S P |

IUS by its generic naturé, does not connote any one set of hardware, but rather it is

a concept which provides the fundamental basis for selecting and integrating utility

subsystems with g view to prov:dmg a betfer overall system performance. Hence, the
b Fundcme‘nfcl concept .of an IUS can optimally serve as a basis for the long range plan-
 ning and upgrcamg of existing facilities. Furthermore, as was mentioned earlier, it
" -is not necessary to implement a completely amalgamated utility systerfi- to benefit from -
- +the concepts of an 1US. Substantial benefits. cah be accrued by pcrhcl integration,
the |mplemenfch¢n of which can often be' mcde as part of -the on-gomg uhllfy system

/ppogrcm dl\ glven mshfu’rlon >

L[ The attempt fhrO\LQ,bOUf this Guide has.been to recl?sﬁccjfy identify the. potential
‘benefits to be gained from lmplemenhng an IUS. It is apparent that the incenfives
are there. A . = - _

In the event that the recde: hcs defmed that an area of mutual- interest exists, - ﬁwe
~source point of further information on the generic 1US concept would be '
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heat recovery or a materials-recovery operation. The heat recovery or resource recovery'
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