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for determining the load for a central TE plant. A case study employing the method is
presented.

The report concludes that many Army installations have enough thermal demand to
justify considering centralized TE applications for a large portion of the installation.
Central TE plants can be economically advantageous over regional TE plants , due primarily
to economies of scale in prime movers and secondarily to increased load diversity. Central
diesel plants with thermal storage were found to be most fuel -efficient , while central gas
turbine plants on natural gas had the least life-cycle cost under the assumed natural gas
cost structure.

It is recommended that the concept of a centralized TE system for military installations
be considered when (I) a TE study is being made in conjunction with new construction,
(2) several construction proj ects at an installation are scheduled during a 3 to 5 year time
frame , and (3) an existing boiler plant is to be expanded or retrofitted.
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AN A LYSIS OF CENTRAL TOT A L EN E RGY One aspect of ‘FE system feas ibility riot studied in
SYSTEMS AT M I L I T A R Y  FA CILI T IES previous CERL ~ search is the effect of several U

plants on the total energy production eff iciency of a
mimilitary installation. It is conceivable that several total
enere ~ plants might he built in a ser ies of ’ major con-1 INTRODUCTION strucl ion projects at a given installation. While each
plant would be st ied and opemated to per t o m t t i  opt imall y
for the load It was to serve , the co mnbtned pem l ’or niam tc e

Background of t he plants over t h e  aggregate of loads migh t not he
I ota l etlc rf r~ ( rE) s~ sme ins * offer the pot e mt t i a l fo r  optima! . particularly if the loads were rat h er divers e .

I i s I I l ~ fOSSI l f ue ls Iii()Ie ~‘i I’icienll\ t i tan com ive mitiom mal It is also conceivable that individual projects muight not
cne ig~ pla l lms - - ~!tlmu ugli t h e  to ta l  ener gy concept is not prove to he feasible , whereas a TE syste m for the
new , t h e  imm creasi t tg cost of ’ foss d fuels h a s  renewed aggregate would. Th ese questions pro m pted the current
nle m .’st in the idea. Since 14 74 . the [)epar mliiemi t of study.

De fense (DoD) has required a feasibi l i t y stu ds of total
energ y , se lectiv e ene m gv ,~~~~ am i d ht iilt .up heat pi tm ip Object ive

TIme oh tecl ives ui t his siud~ were ( I )  to stu dy thesy Ste mrs for ej c It iliafor new co nstruct ion ari d I ehabil
I tat ion project. ( )t h t er gus cr il Ineiti agencies , such as potential of cem i tra hiz ed TL s st em s ‘or iti mprov im ig t ime

et ’tictency and ecomlomie rs achieved using multiplethe l)epart nient of I lousing amid Urban Deve lopmem l I -

(HUD), are advat icing t h e  use of total energy systems regional TE system s, amid (2) to develop energy amid
in the civilia n sector . 2 l ife-cycle cost anal ysis procedures for (‘orps District

Engineer personnel amid contracted arc hitect-e ngineers
to use in assessing the performance of central vs.Because of the Dol) directive cited , the U. S. .-~r imm y -regional TE syste m s .Corps of Engineers has a partmcu la r responsibility for

t he application of TE s~ stemm t s iii the facilities of the This report is for use by District Engineer persom mnel
U. S. Army and U. S. Air Force. l’ltc 0111cc of the ami d contracted architect-engineers . as well as for the
Chief of Engineers (0( E) lt a s issued imistructiom is guidance of head quarters personnel
supplementing the DoD di rect ive amid providin~ addi-
tiona l guidance for  preparim ig feasibil ity studies,  As part Approach
of the (‘orps e ffort - the U. S . .- \ r mmmy (‘omis m r Imc ti oi t  The energy requirements , load distrihutio mis , extent
Engineering Research Lahoralomy (( LRL) has ~~~~~~ 

of existing TL s~ stems, central distribution systems .
dueted sev e r a l  studies of tIme methods of IF syste m fuel availabil i t y , amid new construction plans at the 10
feasibility a sscssIIk r i  amid des Igr I - is ci! as the stam i dard largest e iiergv -com isut iiimig Army installations were
practices of computeni/ed pred ictiomi of energy loads iii anal yzed to determimi e if large.scale TE plants are
hum ldimigs and com pute r sllm iu latiumi of energy plants for feasible on m ilitary installation s (Chapter 2).
buildings. litese studies ire described in the Previous
CERL Research sectio n. A method was then developed for determining loads

for groups of buildimigs to be served by central TI:
syste ms (Appendix A) and for analyzing cet itra l vs .
reg ional TE syste m s (Chapter 3).

* .\ total energy pla s m produ ces clec t rica t energy to mmmcci
the ct~c iricj t demand and recovers waste heat to meet the Em miall y. time CERL-developed Building Loads Anal-
thermal demand, ysis and System Thermodynamics (BLAST) program

~~Stlevi j ve energy plants m eet the therma l demand while was used to evaluate candidate TE s stein concepts for
producing electricity; additional etcctr ic power is purchased a case study imivolving Fort Bragg. N(’ (Chapter 4) , The
trurn the tocal utitity to meet peak electrical demand and is evaluat ion com isidered integration with existing and
returned when puwen production cs~ceds denmand, planned energy plants. load mamiagement . fuel andm ,t /othfj carjopm of !) ol) Cormst rmj ctj o,i Criterth i lanrwl 427O . l.  water requirements , and life-cycle costs. Manpower
1! (l)epartmcnt of Defense , 13 September 1974). -requiretitents and skills were reflected by labor rat e s

2 rosa! !-m’rgr- Sm’sw,ns . It U1).381 -Pt)R (l)eparmment o~ used iii the B LAST program.
Ilousing and Urban Development . l)ecember 1974).

3 Engi,recring Instructjo,rs b r  Pre~;aration of /- easihilitr Scope
Str ~ iu ’s for iota? Energu’ . Se h- c r i r - v  Er m r ’r (v . arid lieu! Pump This report discusses applicat ion of computer-aided
Sisteo m.s (Off ice of the (‘hief of I ngineers 10( 1 1. t July 1975). f ’cast hi l ity anal ysts mi determ mmi ing t Ime number , si/e ,

l)
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and generic design of TE plants that will minim ize 2 POTENTIAL FOR CENTRAL TCTAL
total fuel consumption for given energy demands omm a ENERGY SYSTEM APPLICATIONS
military installation, It does not discuss design details
of specific items of equipment.

While the concepts of tota l energy are well known ,
Previous CERL Research it has not been clear whether application of these con-

The first CERL total energy study’ described the cepts to military fac ilities would be economical. The
problems encountered in the feasibility assessment and Army has no TE plants of the type used to provide
design of TE systems , outlined the general framework electrical , heating, and cooling energy, although one
of a computational model for solving these problems , post --Fort Richardson , A K—has a plant that provides
and described the data required to validate such a both electrical and heating energy.
model.

To roughly determine the prospect of economical
A second study 5 provided procedural guidance for application of TE concepts to military facilities, the

perf orming feasibility analysis and preliminary design energy requirements of the 10 most energy-consumptive
for heat-recovery systems. This study also showed that Army installations were examined (Table 1), Ranking
a computer simulation program consisting of an energy is by thermal-to-electrical demand ratio. The electrical
load profile generator , an equipment performance demands (first column of Table 1) are met by puT-
analysis submodel, and an economic analysis submodel chasing electrical energy from a commercia l utility
was required to perform TE studies. The program would company, while the thermal demands (second column)
determine load profiles for heating, cooling, hot water , are met with various sized boiler plants on post.
and electricity as functions of building parameters ,
building use patterns , and weather data. For electrical production alone, an Army installa-

tion cannot economically compete with a utility com-
CERL developed such a computer simulation model pany , because the utility company can use its much

—t he BLAST program 6 — to perform energy and life- larger demand base and diversity to obtain large econ-
cyc le cost analyses of conventional , tota l energy . and omies of scale. An installation can compete , however ,
selective energy systems. The model can be applied to if it can use the waste thermal energy generated during
groups of buildings as well as to single ones, Nearly electrical production to offset part of its costs for heat
optimal candidate energy systems can be chosen, and energy . Since utility companies seldom, if ever , have
perfo rmance of specific com ponents during final plant customers for their waste heat , they can obtain plant
design can be estimated , efficiencies only on the order of 30 percent. Army

instal lations , on the other hand, have large thermal
A third TE study ’ was conducted to provmde a demands and can thus achieve overall plant efficiencies

systematic procedure for applying the BLAST program as high as 70 percent , easily offsetting the economy-of-
in the feasibility and design phases of a TE project in scale advan tages of utility companies. To achieve this,
order to conform to the DoD and OCE directives, however , an installation must have sufficient thermal

demand occurring when the waste energy from elec-
_______________ 

trical production is avai lable,

~ D. C. [little , Total Energy and Total L’tilitv Sm’srcms for
Conservation of Resources, Interim Report E~~1/ADAO 23244 TE plants generally have an overall efficiency of
(U- S. Army Construction Engineering Research Laboratory -approximate ly two-thirds , with one-t hird of the inputICERLI , November 1974),

emiergy typically going to electrical production, one-5&ocedures for Feasibility -i nal,ys is and Pr -liminarv l)esign third to recoverable thermal energy, and one-third as
of Total Energy S.mstcms at Militar,~’ Facilities. Technical Re- lost waste heat Thus , on an annual basis , the ratio ofport E-96/ADA033756 (CERL. November 1976).

usable waste thermal demand to electrical demand isC. little , et at,, The iiuilding Loads -I nalysis and Ss’stem
1 : 1 .  However , because the electrical and thermalThermodi ’namics Program . Technical Report (Draft) ((‘ER L,

1977), denmand profiles are usually not equal, a greater total
7D. C. tu ttle , hu e  of tlmeBuilding loads .4 nals ’s isandSm ’stem thermal demand is generally required before the post

Thermodynamics Program to Perform Total Energy A nalysis, thermal demand and the waste thermal energy available
Interim Report E-108 (CI R I , June 1977). coincide (even with energy storage) ,

10

L ~~~~~~~~ .~~~~~~~~~~~-



~ 
~~~~~- -~~~~~~~~~~~~

- --
~~~~~~~~~ ~~~~~~

- - - - - -
~~~~~~~~~~
-

~~~~ 
—.-

~~
-

Table 1
Summary of Installation Energy Requixements *

Annual I- lect ric al Annual Thermal Ratio of Thermal Peak Electrical
Demand Deman d to Electrical Demand

Ins ta llation (~W- h r ; B tu GBtu (Ti ) Deman d MW~

lt.. s t st i -in .-\AI’. t ~‘, 9t  1 ) 0  Sr ih 3  1 53 4 0 1  16.3

Redford A-tI ’ . V -\ t 26 429 3883 14 1) 97 ) 9.1

I on Knox . K’m t 27 435 2 39 t  2 5 2 3 )  5 .5 30.9

At lerdee n Proving ( ;round , MI) t 23 4 19 t 92 t (2 1)27 ) 4 .6

t ort I ew ms , \~ -\ t 4 t  481) 2 t  3t (2248 )  4 4  36.4

I-on h enning. G 15 )  516 2047 2 1601 4.0 37.6

I urn ti r~rs e .  N( 2 22 7 5 2  268t 2 8 2 5 )  7.6 48.6

I ort Ilousi . I \ 1 ) 2  65 5 t82 () ( 1920 ) 2 .8 42 .6

Redstone -\ r~eIr.u I. \ I 203 599 t 872 ( 1975 ) 2 .1 -

I on Mearh~ , \II) 2 18 744 1488 ( 157 0) 2,0 43. 4

l)aia it first tw o columns are I ‘s 7 5  f igures taken from Faci lj tj e,c 1:ngi,meeri,mg .-1,mnual Sunmniar 1’ of Operations
- t  

- I 9 75) . Data it f ou r t h  column ire t V 7 4  figure s taken from ( ‘/ rarac teri:ation of i.rmergy Usage on Milirarm
Insta llations . i-j t , t e t 2 . Ii 1. I ) . I lu l I ms and A .  V . Nid u ( t S . \  - i S A , 1974 ) .

Column 3 in Table I si lows the ratio of t liermtiul to M~ tu-li (3 .7 Gi-h I is included (Table 3) . five of the
electrical dcmiiand lot the A r l r l \  ‘s 10 largest emmergy pos~s sm t l~ have ther m al to electrical demuand ratios of
users . In all cases , t he ratio is 2 or great er; for six cases . micarl y 2 or greater. These larger plants typical ly already
it is 4 or gr e at e m - Th is inm d icates t h at t h ere is a good have th e rit mal distribution syste m s.
chance that a TI-. s~ stem would he efficient for milost - - -~ - -

- - fhe data iii  Tables I. — . and 3 clearl y indicate that
am id possibly all of hese prr s ls . Large an moumit s of (he - - -

- - ..\ rm ny installations have sufficient thermi mal demand toelectrical demand at posts wit h loss er t ! rcr l i ia !  e l e c t r i ca l  . . . - - - - -
- - - . - justif y considering centra lized total energy applicationsma li us are for su tim nier cooliit g: part of tIm is de m a n  d - 

- - -for a large portion of each post. lii addition , enoughcould he converted to absor pitot i cooling to help imiatch - - - -
- large heating plants exi st at most installations so thatthe electrical and thermal profi les when necessary . - - 

-

implementing a centra l total energy system would
requ ire only m inor additions to t h e  thermal distr ibu-

Omie of the problems that oust he considered in lion systems. Fort Bragg. which has four central heating
cen tral II: svste Ii l  s t u d i e s  ts the d istributiom i of waste plants with existing distribution systems . is a good
t Ite r mnal etue m g~ to  misers . If the load points are small examp le of this . The thermal demand from these four
amid w mde ly dist r ibuted . t i t e dis t mihut iom i systet il ’s cost heating plants (Table 4) exceeds t Im e post electrical
and t lmermn -al h ISSeS would make t h e  I i -  system imprac- demand during the heating season. By converting some
t icahle , evem i wi th a mig ht th e rmi m al load. Table 2 shows summ imer cooling de m and to thermal demand with
lIme data f r om rable I sv mt hi thiernial de imiands fro m absorption ch illers, it should be pm sst hle to get air
heating units s nma ller t hami 0 ” S  MBtu-l t (Q ,7o) Ui-h I excellent thermal / electrical match river time whole
(i.e.. family housing type umii m s ) eliminated. All hut two year. TI t is indicates t h a t  a ccfl lra l ‘I I- . sy sle mtt u sed rim
ot t he posts still h ave ther m al I I  electri cal de m and place of t lme s~ plant s could suppl y most ot l Ime pest ’s
rat ios of approx m mm s ate ly 2 or greater. When o n l y Ihe electrical demand with only a minor requir c irmc nt for
thermal demand f i l m  he atim ig pla nts exceeding 3.5 additional t hermal distribution systems.
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Table 2
Summary of Installation Energy Requirements

(Heating Units Large r than 0.75 MB(u [0.79 Gil Only *)

Annual Electrical Annual Thermal Ratio of Thermal Peak Electrical
Demand Demand to Electrical Demand

Installation (;W-h GBtu GBtu (Ti) Demand MWe

Ilulstomi A-tI ’ . IN 91 310 5058 (5 336) 16.3

Radt ’ond A .tt ’ , V t  126 429 3883 (4097)  9.1

Aberdeen Proving Ground. MI) hI . 4 19 1514 It  597 ) 3.6

I-on Knox , Ki 27 43 5 1043 i t  1(1W 2.4 30.9

I-on Bragg, N( 2 2 2  752 ( 0 52  ( 1743)  2.2 48.6

I-o n henning. GA 151 5 16 11)24 (1080) 2.0 37.6

l-oo Lewis. WA 141 480 9 5 9 (11 ) 12 1  2. 11 36.4

Ri-ditone Arse nal-tI . 263 899 1739 (1835)  1.9

I-ot t Meade , MI) 2 18 744 749 790) 1.1) 43.4

I-ott Houd. 1 N 192 1,55 422 (4 4 5 1  .64 42.6

* I)ata of t ’irst 155 0 co lum nmis are I- Y75 figures taken froni /“ a1- thtii ’~ Engineering .-lnnual Sumniarm- of Opera!io,is
(OCI . 1975 ) .  Data of fourth colunin are I - Y 7 4  f icures taken front Characterization of I: ~u-rgv L sagu’ on Militari’
Installations . lable 12. by II. I). Ilu,llis and .-t. V Nida (USA II SA . 1974) .

Table 3
Summary of Installation Energy Requirements

(Heating Units L.arger than 3 5  MBtu (3.7 Ci) Onlyl
Annu al Electrical Annual Thermal Ratio of Thermal Peak Electrical

Demand Denmand no Electrical Demand
Installation ( W- h GBIu GBtu (Ti) Demand MWe

Hols ton -‘i -t I’, iN 91 31u  ~050 5328 ) 16.3

Radt ’ord AAP . VA 126 429 1883 4097 ) 9. 1

Aberdeen Provin g Ground , NIh ) 123 4 19  1 1 8 1 ( 1 2 4 6 )  2.8

t ort Henning. ( .-\ 1 5 1  5 16  985 111 )3 9 ) 1.9 37 .6

Rcdston~ Arsenal , AL. 263 899 17 15 11808) 1.9

I-no Bragg, N( 212 752 (2 4 7  ) 1 3 1 6 i  1 .65 48 .6

I Ott L.cwls , ‘iV -’i 14 1 48 ~54 1795) 1 .6 36,4

l -o o ~~~~~ KY 1 2 7  435 443 (467) 1.0 30.9

I ur r u Mi’adr’ . MI) 2 18 744 499 ( 5 2 6 )  .67 43 .4

I-o t t  Hood . IX  192 655 274 1289 ) .42 42 ,6
1)ata it first two columns are I Y 7 5  tm g ures taken from Facilities Engineering Annual Summary of Operations

(0( 1 . 1 9 7 5 ) .  I)at a of four t h cotun m n are I- Y 74 figures t aken fro m Characterization of Energy Usage on Military
Installations, Table 12 , by II . 1) , lIo t hi s and -‘ i . V. N1 t ~ i t : S . .\ I I - NA , 1974).
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Tab le 4
Fort Bragg Montim ly Th ermal and Electrical Demands

Thermal Loads , GBtu (Ti)

Posi Electrical
h ospital h eating 82nd Airborne Laundry Demand

Month Plant Ileating Plant CMA llcating Plant h eating PlanI Total GBtu (ri)

Jan 2 5 . 115 8 I 21~ 4 ( S i  ‘ ‘I .179 (83.8 50) 14 . 1 5 2  t 2(( . 205 ) 4.636 (4 .891 )  1 25 . 3 t I  35 .4) 57.667 (60.839 )

I- ct ’ 2 1 ( 1 ( 1  22 lIt I 7 2 4 7 5  (76 4 611  17 ~~~ 115 . 4 1 5 )  4 .546 (4 796) l l 5. 5( I I l . 9) 59 . 1)12 (6 2 35 1 )

\I.ir 2 ) 1 4 9  ( 2 4 4 2 2 )  t,7 ~45 ( ii l u w  Ii ~2 7 1 1 5 9 1 3 )  4.84) ) (5.1 ( 16) 11 3 . 5  (11 9 . 7) 53 .91(2 (56.8 67 >

‘iii 19 .1( 18 1 2 1 1 . 1104 1 30 .667 ( .18 . 0 54 )  I 2.~ S4 1 1 3  0 33 1  3.936 (4 .1 52 )  72. 0 (76. 0) 52.263 (55 137 )

1 1 .4 5 1  (1 2 ( 18 1) 20 485 1 2 7 . 94 51  9.Y8~ 11 ( 1 53 ( 1 3.647 1 3.8481 5 1.6 (54. 4) 56.1 58 (59 . 2 47 )

Jun 9.563 ( 10(189)  36.051 ( .18.1 ( 3 4 1  7.630 8 ( 1 5 0 1  4. 403 14 .6 4 5) 5 7 .6 (60.8) 74. 759 (78 .87 1)

Jul I t  ( ( 7 2  ( 1 1 . 0 8 1  I 37 .073 (39 .11 2) 7 .845 (8.276 ) 4 .1 70 (4 .399) 60. 1 (63. 4 1 75. 735 (79.900)

-tug 9 . 46 3 11) 1 .5 11) 42 .1 98 (44 . 51 9)  7.1(87 (7 .477 )  2 .643 (2. 788) 61.9 (65 .3 ) 74 .624 (78 .72 8)

Sep 11 .554  ( 1 2 .18 9 ) 35.1 7 0 (37 . 1(14 ) o. 8o~ ( 7 . 1  79) 3 .0 17 (3 .1 83 )  56.5 (59.6) 79 .919 (84 .3 15)

Oct I t  594 (1 2 .2 3 2 )  2 2 . 1 1 0  (23 .32 6)  6.922 (7 .3 ( 13) 4 . 354 (4 .593 ) 45 . 11 (47 .5) 57.503 (60.666)

N ’ , 12 .02 1 ( I  2 .082 )  34 SY ’  136 5 0 0 )  1 4 .3 1~ 11 5. 1( 14 1 5.358 (5.6 53 1 66.3 (69 .9) 53. 033 ( 5 5 .950)

D~c 18.529 (19  54 8 > 6(1.729 (64 . 1( 0”) 23 .656 124 . 91(9( 4 .90 1 (5 .1 7 1)  1(17 . 8 ( 1 1 3 . 7) 5 7 4 4 5  (60 .604)

I m . I  184 . 1105 ( 144 189 1 5 5 1 1  5 5 2  ( 5 5(1 504 )  t S t  67 ( 1 5 9 . 481 )  50 . 4 51  ( 53.226) 936 .1 (987.6) 7 52. 110 798.460 1

‘rhe a mt alv sus o f the -\ i  us 10 I_ ui gs ’s t emter i z~ tI el s time period (3 to 5 years). The studs’ should include
indicates th at tIme co mt ee pt of cemitr al i ied Fl s~ s t c ’mtms consideration of one TE plant wh ich could be expanded
should be comis idered , pa rt ic i i lam h~ it t he tohlowim ig to meet the needs of all the new construction plus the
c ircumtt s t a mt c cs :  )(iss 1 ) m i l t \  of mneetimmg time loads fur exist im mg comis lruction

mit t he area between or adjace nt to t lte comistructiomi site .
- When ~u TI - s; uslv us being niade itt cuimm j unc t io n

w ith a new con s trt ic t t omi project in acc o ida m ice with tIme 3. When an existing central heatimig plant is to he
DoD directive. TIme si tidy should mt mc l ud e expaits ion of ’ expanded om have a major boiler nelrot ll . Consideration
ttme system to include surrou midiim g t hm erm nal loads and should he given to replacing time plant with a central
other electrical loads as deset ihed in (‘I.- RL I e c h tmtic , uh i F  plant.
Report F- (0 . 8

Because Ar m y imistallation s have complete control
2. When seve ral h ess construct iomi projects arc over ilte loads distribution syste m s , t here us an ex c e l len t

sched uled for omme in stall> t iou during a relativel y short opportunity to opt I nt/c  the loads on an i~mst al Ia lion t o

ri b lain umax 0mm itt c ff ictc mmcv I rotH a I i -  pla nil wit hmou I
Imaving ii) reSort to select iv e eimetg ~ sv5 t c’miis I lim t h i s

8Procecim,res J , r  I’~-as th i(, i i - I u,aO su. c aim,! l’re lini ir: ar v I)i’sm~ ,u reason , m e t hods for expanding I I studies t i  include

~ I~ tal l~,t, -r5’e Si it, “u.s at .llilitarr I-an- iljtit’s, rechnkal ceiitrahiied TE commcep ts were examined and ,>re dms-
Rc port I -46 .  \ t ) , ’u (( 3 8 7 5 6  (( ‘ l- Rl . .  \ wcm t ’c r 1976) . cussed in ti m e remainder iii this repo rt.
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3 M ETHODOLOGY FOR EVALUATING Determi umatio n se eh momi des c ruhes how these l,’j ds cam i he
C E N T R A L  TOTAL E N E R G Y  PLANTS I’ouit d .) h owever . t h e  scope u-if t ime (‘ em m ira l I-ne rg~ Plamm t

Simulator (CEPS ) portion ii (‘L RL’s B [..-\S I p gram
was ex panded 10 acc ,u mt mmno d -> t c anal ysis ot time larger

General TF plants w h mi cl m itiusl he co misidered when cc’ mmtra l  1 1
TE studies t om iiiiliij i tmmst , i l la ti o its h ave generall y pla m mts are addressed . [h is pnim t ma r ml y mitvolvcd adding

been app lied to simmgle co m us t i  uet to t t  projects suc h as a lgo mit hm i :ts to hamidle larger components and mutel ud ium g
harmacks comti p lexcs . hiosp ui,ils . amid large mult istory al gou ith mmims to amma l yze the pert ’onuiianee aru d ecommon iles

buildings. A detailed i t tethod for  feasi bil i ty amid ecom iommu- of ’ gas- , oil- , amm d coal-fired sleamm i turbine plants. I-or
ic auma lysts and design of t h e se  plammts was developed itt t h e  data in Table I. time largest peak plait I eap.iemt ~
time re port ( ‘ se , if  the Th4thlotg l oads wil l .S~t’s tu ’nm re quired for t h ese .-\ rmn v insta llat iomis is about 50 \1~’i,~ -
Thermodvnanmies Program t i  / ‘erJ l) rm Total /Mu ’rgv Thuis site system im can be accommodated h~ the BLAST
Systems .-tnals’sis . 9 Thm is uuuct lmod . w lu ic lt us in acc ord programit.
w iti m O(’L hite cycle c uistimig procedures .tm ° can also he
use d with some sligh t  mnod iticatiomus to study cent ra l  Load Determination
I F plants to aceo umm t for t ime d i t t e u c m mee s heissee ui Determination of loads ton a central l i- . s t ud~ is

centra l amid regional total emii’mgv pla mmts. flic ttt a~or somewhat more comp lex than fur standard IL studme s ,
dut ’t’ere r mces w Inch utiust he co nsmslL ’ ie d are : since the dist i ibut iomm system and many more buildimigs

m ust he considered in the former case . Time toilowuig
- Larger plam its cam i he use d or ceittra lui.ed IF sect ions describe time two methmods fo r ohlaim ming tIme

s~ s tem mms , ht tc alu tm mg greater econom its of ’ scale in equip- required loads, using metered data and using computer
ment ami d hutl d mmmgs amid reduct iomis in operatim ig pee- simulation programs.
sonnel cam i he achieved. rlmese plants miecessitat e that
t ime simulation progra m aeco umm itiodate a wider variety Obtaining Loads From A m ailable Data
of equipment sites and types (suc h as s te a m m m turbines) IJsiumg metered data will provide the most accurate
titan is needed fu r simmg le co um s i rue t uomi projects . loads , but there are two major drawbacks: ( I)  existing

energy consuunptiomi data for Army installations are
2. Central tota l energy syslemns will cover larger generally available only for large power plants or for

geographical areas. I’luus . t hte ec o mmomic. thiermi ia l emm ergy the wh ole installation , and (2) these data are seldom oui
s torage , and emiergy loss as pects of the t hermt ia l di.str i hu- aim h ourly basis as is co m monly required for I F plant
tuon system must lie com ism de i ed tnt t hte stud . S >it cc t h e  stu dies. Metering installations 10 obtain this dala is
same e lectrical di s tr i hut mo mt svs t em tt  is gcner .mhl v reqt m ired buIlt costly and extremely time-consuming , amid t hmtm s
in eut hmen case , ml ca m i be ignored or coi t ipa r isit i m stu d m es . is a lim most miever practicable. Loads can usually he s~ Ii-

t lmesited fro mt m existing consumption data - even when
T h e  methmodlilogv descr ibed iii t itus chapter for stud- hinmited . if the proper engineering approximmiations are

ymng central IF plants mist address these features mum made. In general , this m e t hod relies on time following
addition to those considered in mite standard iF study . ~~~~

Performance Analysis of Large Total I. Dividing time post into regiona l load ce miters (su chm
Energy Plane as barracks com imp lexes . fa m ily housing areas, hospitals.
lIme mtie t lmodology for per) i ru uat ice and economiiic ad itmim mis t rat ive areas , or areas present ly served by

amm a iysc s of loUd energy plamtts for a m m t m h i t . m r v  imis la l l a t i t umi  ce ul rallied Imealing systems). TIme components of a
described by Hmtt le ~ app lies regardless i f  site , provided given load center should have similar buildingoccupancv
t ime hourly toads (in time plant are known. ( rite Load amid use patterns , construction type . and energy require-

merits; i.e .. each load center is homogeneous in its

~l). (‘ . lh l lu le . ( s e  of t ime ilmiildiims’ I.oa,Is ‘lna!r’sis arid com im ponents.

.8 -st , -,?i l’im,-rrpmo,iu’,ma,rmiu’s l’r-ogranm to I’erJ or mr i Io ta ! Lnergu ’ 
-.-In al i sm.s , lnlerim Rcponi 1.108 ((‘I RL , June 1977 ) . 2. Obtaining a re presentative emiergy consumptiot i

/ ,f , . (• 
~~~ ~~~~~ / i i s t r i i i - t i , i i o  I I)cp,mnimne n( of the prof lle for one typical com ponent of each load Center.

Ar m y, ‘lay 197 1) .
I) . ( ‘ . Ilmif Ie , (c i ’ of I /u , - i l u ,u l Imn i’ l ou /u ir ,ai u’cms orm,I ~ Sca ling th t i’ energy consumiiption profile to

.S u - ’ i I , m I l , e r , rmo , l i u ma n ius  Progr arpm to I’i r t , , r i n  Ioia l l’.ni -r ~ r a c c o um mt for weather conditions and lime num ber of
I na!i cic . Interi m Report I - 1 (18 (( 1- RI.. S uumu ’ 1977) . coT ltpouieti ts iii the load center. Energy consuumiption
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protu les c-a im he scale I s u it lime hj sis of ’ square fee l 1) 1 4. Using time (‘1-II’S port iomm of the BL .-\ST pmogram
buu lduuug .ure,m , c mici gy use tu u dic es ,’ 2 an d!iir iiic’ lered and t h e  procedure described by h l it t l e ,’4 opt imitm te 11w
data. [F plain , based on lu1e-c ~ d c  cost . whutch will fl eet tI me

tota l loads t ,ht a mmt cd mi step 3 of time Obtaining l oads
(‘emi ti .>Iu ,ed I i’ . SI udj i’s of t , ’ mu consi der c \ is l m m ig 1-roin -I mailable Data sec t io n.

c e u mtr a h pla ut is as load centers . t a t l i em uhmai m using steps 2
j utd 3 above. I leuu ce . a mea sonab le am ito uni of metered 5. Repeat step 4 for vat uous coit i humiatuo ns of load
data may he available Iroum m ss much to construc t a comi- centers to dete rmimme whether a ce nurahited -i h~ plam mu -

sum im ptuom l profile. It sutt i c ient s lat-a ar e not available - two or note reg ional TL plants , or a se lective ~U- plain
enemg~ cofl s uimmptioiu profi les ca m m he ohta iiued ‘rou t provides tIme ss slCmim hav imig thie lo~~’st l ife-cycle cs is t
com puter simu m u l at i o m t ( as  discussed be low ) om tro u t
immeasur ed data to r huml d mmm gs similar to those in time load Based on the results of step 5. part -a lly re det lm iu mig
cenlet . Such mu measur ed data should be available f ’roui i t h e  load centers or Iheir comm ihinatiomis iu uav be mt cc e ss j u
( ‘l - ,RL’ s f ixed fac i l iu ~ e mm e ics c u m isul mtu piiumt i i is -e s t ig a tmomt I i  ge t a het le m t hi ermti a l and electrical load mmiatcim amid to
imm FY75 . Imi to imn a tmo it  for .ic c e sstmmg these data is provide increased load diversity. Th is adju st tmu e m i t im mus l
curr e mit h y iii dra f t  form. m3 he based out engineerlmig judgm iment .

Wh en usim~g t h e  mt ietered data imiet huod to m load deic i -

minatuon. losses are acc uumi led for 0mm 2 per b ur l ot
distrihutiomi 5’. s t c l h u  bas is i - u t e m g v  s tomag e mt t h e  d is h ibti . 4 CASE STUDY FO R FORT BRAGG , NC
1>011 s~ stemn us TOr t acc -ou imt e d for . A ppeutdis. \ descri bes
t ime m ethod mit greater de t , uml - This ch apter presents a central hi - , ease study ot

Fort Bragg. N(’ , using CY75 data. The case study was
Load Dc ’tc ’rpp i t,mat i ,om l i t  ( ‘omgit((u. ’r Snnm,la tiuom com iduc tc d to de m onstrate t Ime m ethod exp lained iii

En ergy con msumi mptto mu pruitik’ s to n building types can Ch apter 2’ amid to highlight some of time t ’ea mures dif-
he oht’aiumed by ti s i mig the BL.-~Si progra mit in lie three- f e re umtiat im m g central and region~i’ I  F sy ste m s . Fort
sle p procedure discussed abov e , [lie load cemmt c -r pmuulik- s Bragg was selected f ’or seve ra l reasons: ( I )  it is a large
can be obtaimie d by sca lmmig time but ldt t mg type pmof lk- s comu su it mer of emiergy , ( 2) records of its emiergv consumttp-
by time re spec mm v c nu mmimber of buildimig types co ut sudered lion amid tm iamiagem ne m il in (‘Y75 were ieadil~ ava ilable,
ari d sumtim m mm lmg t h e  results . amid (3 )  flue amsahvs is discussed iii (‘hapter 2 itmd icated

t h a t  a central 1~L system mm use d in place of tIme four
Summary exisung boiler plants could supp ly mimost of the post ’s

rime msi et lmod for cem it i al plain anal so is thus a live- electrical de mu iamtd wit h ommiy a miTmor requirem rm efl t for
ste p procedure : add utiom ial t l t e rm im al distribution systems.

- l) is- ul 1 e t he iumsm a ll at i o mm or a plimlion & it  t ime i tmsta l l a - Electrical Load
lion 11110 load ee m m t ems . ss t im time c s imtmpomiem m ts of a givem i T h e 1)1)51 receives electrical power f’rom Iwo coin-
load center iij vii ig s i m mi miar  e mt e tg v  com t st imtip l ion pa lte rm is . miierc ial sources - ’, one m t te t er  us provided for  each source

as power em iters lIme nmi hm lary property . Im it or ir ma t mo n
2. I)e term imu m te flue load hom eaci m load ccii Icr by load t ’urt i is hmed by the post Facility Engineer for omie sour c e

synt h esis (as described in \ ppendux ,-\ ) or by uls imig time comtsis ted of electrical dcmm iand data at 15-minute in-
B L A S T  progra imi. tervals for 365 days of l9~ 5; monthly totals were

fit rtti shed for lime ot her source.
3. Select several adj acemit load c e r m t e r sa s  loads fot a

IL plant. T he  procedure given in time Intcrt ’al Demand Re-
- iirders With lnuegrating Demand .~h ’ters sect ion of

Appemidix A was used to  symmt hesize an lmourlv electrical2 I - A lcreza , B. K. hlm nkf e . Ii . ( - I lm tt k . 3 . I - h’ i ucr . .imrd lu ad profile lot the post . Hourly and daily scalingL. ‘ui Windingland, / u i - r e I - I ti/ i :ation Iu,Ju ’. u , tI, t/i,,d j , , r
I’ru’dic-tin,ç BuiiIuIvi~’ lOb,’r, S’i ( Si ’ . Intcmi i ut Reiriiri 1-11 ) 5 (( I Rh.,
May 1977 ) . 

- - -
S I. . S t .  W i nding land and (I , J - Sliwuosk i . ( is ’ ,, ! / a ’i!imu, -s I’. Il ittle , I u’ ‘ u t In- Building l oads - l ,malm’ .cis a,md

/~ .u’r ~’ u- C’on cmi nm p timm lriu’ ,-cI~ atu,,i Data ( ‘ urn IiarimiaI , I mute n im mm SrsU ’m , m I Iu, ’rrm m ouls- , mo p ~mi , ’s Progra m to I’i’rforr,m Iota! r,ui’re I
Report (Draft ) ((‘FRL. 107 7 ) ,  .Ina(m’sis. lim i cnini Report I -108 l( ’I ’ Rl . June 1977),
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factors were com puted as directed iii time procedure. Electrical loads were assigimed using the assuniption
Th us, aim hourly post electrical load was determim ied that a diesel generator set produces equal am ounts of
by dividing the mmmonthly electrical consum nptmoum (taken electrical and thermal energy. Thus , the laundry plant
from bothm electric utilities) by tIme nuum iber of days in was assigned an electrical load equal to the laundry
the month and mmmu ltip ly ing by the daily and hourly therumial load, The remaining electrical load of the post
scaling factors appropriate for tIme seaso um , umiont lm , and was assigned so that the rat io of the electr ical to
type of day (weekday or weekemid ) . Figure I shows tIme ther m al load at eac h of the thre e remaining plants was
resul timmg electrical load profile, equal to the ratio of time total ret imaining electrical load

to t h e  total remaining thcrm tm a l load. T itus ratio can also
Thermal Load be expressed as the ratio of tIme total electric less

The post Facility i mmgineer provided h ourl y boiler laurmdry electric load to the total th ermal less laundry
logs for the four boiler plants on post the i-hospital. ther m al load. Time value of this ratio change d hourl~
the 82nd Airborne , the CMA . and t ime post laundry throughout the modeling.
for I week each of January , April , and July 1975.

TIme nuniber of prime m overs was assum imed to be
Step 2 of the procedure given in the Thermal Load two (plus one in rcse rve). Timis would permit the max~

section of Appendix A was used to synt h esize animuurly imnuun economy of scale. In practice , more units mighmt
thermal load profile for eac h of time four thermal dist ri- offe r greater reliability but not necessarily greater fuel
bution systems. Fach distribution sy stenm was then e fficiency. ftc units were sized according to the follow-
m odeled as a thermal load center. Tables 5 through 7 ing rules (not official OCE cri teria) :
present form ulas for co inputimig time t lme nm na l loads for
specific plants and seasot is ,* Figures 1 tlmrough 5 sh ow I - Standard ummi t size (three prime itmo vers ~ = (half
the resulting therm -al load prof iles for eac h plant and mnaximumm m demand) X (,6)
time post.

2. If standard unit site < ( mininmunm deuttand) .4
Th ese electrical and mherm mma l loads . along wit h a a. Small unit size (I I = minimmmum demtiandj ’ .4

weat her tape (fo r -air mem imperatur e aumd humidity) for h. Large unit size (2 1 ( 1 . 2 )  X (masimunm de-
time Fort Bragg regioii .were input to the CEPS program. mand — small unit size).

Cost and Life-Cycle Parameters Gas turbines were modeled as being fueled by natural
Time values assigned to t h ese parameters were time de- gas in one case and oil in another ,

fault values provided by t h e  BLAST program (Table 8).
Prime ummovers as large as 13 .2 MW in regional TI

Energy Plant Simulation plants amid 24 .9 MW in central TE plants were selected
Each of time four existing homIer p la m m ts was modeled by these rules, Inspection of Diesel and (;as Turbine

over (‘Y75 as a c iunventi in,i l energy plarm t with new Worldwide catalogt shows that several foreign maim-
equipnmient that met t h e  ex isting ther m al load. ~ex t , ufacturers make diesel generator sets in these sizes, hut
each of time four plants was s ummiulated as a TE plan t in American manufacturers presently do not ,Gas turbine
wimicim various prime m overs were in vestigated. Finally, generators in th ese sites can be purclmase d from tLS
a single TE plant mtmeet uu mg time postwide electrica l and firms , h owever. A “buy American ” prohlenm for diesel
thermal dem ands w as simti ulated. generators could he solved by using four to six 5-MW

units . wim ichm are made by several U.S firms. Time results
Thernma l and electrical loads were assigmmed to the of the fo llowimmg study would umot vary significantl y

mode ls of time plants on the basis of t he timer mnal load froni the results obtained with four or six 8-MW units.
data from each plant, First . eachu of time four regional
plan t nmodels (or simimulations ) was assigned the (hernial Boilers in conventional plants were stied iii he t ime
load pro file derived from data (i-igs , 2-5 )  recorded for same as boilers actually in the existing plants Boilers iii
that plant for CY75 . This was true for both conven- TE plan ts were sized using the following rules (not
fional and IL pham u t simulat ions . flue t i merm uta l load of ofticiah OCE criteria ) :
time single TI: plant mode l was time sum of the timerma l
loads of the regloimal plait t models plus an j ildit ional
fraction accouum tm ng for dis t r ibut ion loss. 5 Du’sclaimdl;a s Turhin,’ Worldw~ie(’atalog. \‘ o14 I (1976) .

ho
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Figure I. W eekl y posmw ide emmergy demands for (‘V ~ 5,
SI conversion factor: I Btu = 1.055 kJ.

Tab le 5
Thermal Demand for Cooling

Season

Boiler Plant Spring/Fall Summer Winter

I losp it mI S. our ~~~~~~~ “, ‘ m u ’
(Couflp r CSSmo fl chil ler) teompression chiller) (compression du l le r )

82nd ‘iirt’ ’niiu’ (‘onstani f 82 c m u s (sunmmmier hour- ( ‘,‘ nst, t iu m
Is’~ scale t : id? ,’ rs ) Isteam
users summer Ioad)

(‘ui.-’. None ( iiflst an t , I 11111 to 241 ) 1 I N one
hour. ut cdnu- a si uu~ linearly

Ii 5 ot co fl ut am it , 24 111 ,
in i 1, / l i , inurcisiule linearly
nil constant . 1)601) to 11)0(1
ti,iur s

I .a undry Nm nc S., me N

‘‘I tie s> nO.1 t~~ I t / m s  dcfincd in -‘.ppu’~ iIis ‘u ,

17
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Table 6
Steam Users Load

Season

Boiler Plant Spring/F all Summer Winter

Itospita l (Average summer thiern mal Same is Spring / I ,iII Same as Spring/tall
load on successive war m days
over 76” I’ I 24 ”(’I I X (summer
hourly scale factors )

82nd Airborne (Ave rage thermal load on Same as Spring/I-all Same as Spring/Fall
successive warm days over
76° I- I 2 4 ( 1 )  X (spring/
fall hourly scale factors)
(spring /fall/winter cooling
load)

(‘MA (Average thermal load on Same as Spring/Fall Same as Spring/Fall
suc cessi ve w mr iiu days over
76 1- [2 4 ~( I  ) x (spring/
fall hourly scale factors)
(seasonal cooling load(

Laundry (Monthly average daily (Monlhly average daily (Monthly average daily
steam consu m ption) x steam consumption) x steam consumption) X
(spring /fall hourly scale (summer hourly scale (winter hourly scale
factors) factors) factors)

Tab le 7
Heating Load

Season

Boiler Plant Spring/Fall Summer Winter

Hospital ~~ IT) - (spring/fall hourly None f H (T) ‘ (winter hourly
scale factors) (hourl y scale factors) — (hourly
steam users load) steam users load)

82nd Airborne f~
2 Cr) Ispring/fall hourly None f 82 (1’) x (w inter hourly

sca le factors ) (steam users scale factors) — (stea m
load) (spr ing/fall/winter users load) — (spning]fall/
coo ling load) winter cooling load)

( ‘M I, 1 CMA Cr ) - (spring/fall None f CMA Cr) x (winter
h..ur ly scale f ac mor s ) hourly scale factors) --

(steam users load) (steam users load)

Laundry None None None

III
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Table 8
Life4’ycle Parameters

l ImIu ’lu ’ sT (-1 c (,.5

lntI.ui miin Rj es

I .it ’ i 4 i1 -

‘.ljuu’ri,u I 4 _ I),

I ncrg> 4 I

l’r, .tcc i I it u - 2 .  yea rs

I .il’i ’u ( ‘ sm ‘ . 2 1 1 - l u

I uu ’t , ’~ 
( ‘ ‘ ‘I

( i s  S .15’ if ie rui i I t t I I I ,IIIII I It tu) ( S I . 4 ( ;J u
( osi I ., I.,t i , ’uu I _ ,

~ to r  5 “.7

Oil ‘u . 4 I1  m.I I ( I  l / / I S / I l  l(tu) )~~ t / ) 5 . b S / u 1 1 ’ I
( ,,sm I su jL j tu ’ ’ l l  I actor 42 . 4

t- lect r ic ity S . 11/15 . k’.’. - Ii afTer 2 5 / )  kW- h I $0 002/Mi after 900 Mi)
¶ 0 , 12k ’ . ’ .  -Ii t irst 251) kW-Ii cost (0 .003 /Mi first 900 MJ)
lkmnatmd St  . 1)/ k’.’ .
( ost  I scalatio n I .uct or 6 1 . 9

1. (‘a pacity of ’ eac h boiler does not ex c eed 100 tit i es to luam idle diesels and ch illers asstgned. lim some
MBtuh (29 ,3 MW) cases , sinmilarhy sited thermal storage tanks were used

fom peak shiaving. or load leveling.
2. lii each plant. one boiler is twice tIme minim ’numn

t imer nmma l load ( i.e ,, boiler always operates at no less than T he Imospita l was simu lated in four equipm mlent con~
h alf of full load) t igurations (Table 9), Table 10 presents time en emgv

cuinsumn ptton and l i fe-cycle cost results . wit h detailed
3 . Nii iit h,er of rem iiatni nmg hoileis = I(i 1- I )  sumimlaries app earimmg in Appendices B and ( ‘ A  boiler

plant with ext s t im m g equipmemml would require t h e  pur-
ui i ix mi me r i m m al load — 2 ‘ iiii t u the i mital  to .td ch ase of 206 UBlu ( 2 1  ~ TJ ) of electricity with an SSSss bier c / = -

~~~~~~~~ 
-_________________________

IOU MIII tilt mmmi l hiomm life-cycle cosl - The diesel plan I with I herm mm al
slorage is more eft ictem it 70 percen t and less expet isive

m l im ne u msi om ihi ’ss nunm her t han  witho u t storage . I.Ising thermal sto iage w i t im t h e
d mu ’ ye Is en Is the opera II Ti g II time of ’ I Ime cooli mig I (uwer to

I(z + I ) = largest imiteger in / + I a tu t i mc t to ml  less than one-half the l i tt le without storage . l.se of the
diesels and chillers i s also decreased som ewh at , Time gas

/ S. l Ot) MBt t ilt turbine planl us less expensive liman tile d’~seI plan ts if- 4 Situ ’ ol rci t mamn i tug hii m lem = -—

II / + I )  na l ura l gas is used. hut not if fuel oil is used.

5 . Sum oI butler c apa c i t i e s  us mmot less than l ime The 82nd Airborne energy plant was a lso nmodeled
t her u m m a l deimmand in ahseimce ut e l ec n m led generati otm iii the f ’our equipnnent conf igurations (Table I I )
tim i s was usuall y mmmcl by adding one more boiler of the Lnmergy consuniption and life-cyc le cost results are
site given in r u l e 4 preset ited in Table 10, Appendices B and C present

detailed summaries , The nmode l of tIme existing holler
( ‘b i l lets were s u e d 10 m e d  denmm ind in dotlVem lieilt p lan t ran at 42 percenl eff iciency and required lIme

industri a l t inils . suiehi ,~~ 4 Ml3tuih ( I  2 MW) I~ 33 ton purchase of 407 UBIu (42~ T i) of electr ic i ty.  Diesel
eui ii lt nig ) (‘ uio lmng tower s were sit mi ilar l y st ied itt qt latm - wi lit limermal storage is immure efficient (69 percent ) amid

21
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Table 9
Hospital Energy’ Plant Equi pment Utilization

Maximum Maximum
Size Average Load Load
MBtuh Operating MBtuh Date Opera ting

Equipment Number (MW) Ratio (MW) mo/da/hr Hours

Configuration U-I (Existing Boiler Plant)

Boiler 2 37 .8 ( 11 . 1 )  0,64 58,3 (17 .1) 2/ 3/ 13 11 ,704
Absorption (‘hiller ** I 3.6 ) I i )  0,94 3.6 ( 1.1) 11 /30/24 9,760
Cooling Tower 1 12.0 ) 3.5) 0.69 8 9  ( 2.6) 11/30/ 24 9,760

Configuration H-2 (l)iesel)

l)iese l 2* 29 ( 8.5) 0,56 57.8 (16-9) 9/ 11/ 17 13 ,249
Boiler 3 2)) ( 5,9) 0,54 33. 4 ( 9.8) 1/3 1/ 7 5 ,859
Absorption (‘hiller ** 1 8 ( 2 ,3) 0.73 7.7 ( 2 .3) 11/30/20 8,269
(‘ompression (‘biller I 4 / 1 .2) 0.60 4.0 ( 1 ,2) 11/30/24 2,075
Cooling Tower 7 12 3.5) 0.51 72.2 (21.2) 9/ 11/18 31 ,901

Configuration 11-3 (Diesel with Th ermal Storage)

Diesel 2* 29 ( 8.5) 0.55 57,7 (16.9) 9/11/ 17 13,174
Boiler 3 20 ( 5 ,9) 0.53 33 ,2 ( 9.7) 1/ 31/  7 5 ,880
A bsorption Chiller ** 1 8 ( 2.3) 0.49 8.0 ( 2.3) 9/28/ 10 7,690
(‘ompres s ion Chiller I 4 ( 1.2) 0.59 4.0 ( 1.2) 11/30/2 4 1 ,980
Cooling Tower 3 24 7.0) 0.41 68.9 (20.2) 9/19/ 17 14,333
Hot Water Tank 1 12 ( 3.5) 0.07 12.0 ( 3.5) 4/1 0/ 1 1,212
(‘old Water Tank 1 8 ( 2.3) 0.11 7,7 ( 2 3 )  10/2 1/ 14 8,365

(‘onfigi.iration 11-4 (Gas Turbine)

Gas lurbine 2* 29 ( 8.5) 0.55 57 ,0 ( 16 .7) 9/ 11 / 17 13 ,212
Boiler 3 20 / 5.9) 0.53 27 ,7 ( 8 , 1 )  1 / 31 / 7 3,185
Absorption (‘hllle r ** t 8 / 2 .3 ( 0.75 7.7 ( 2 ,3) 11/30 /23 8,635
Compression (‘hiller 1 4 1 1.2) 0.45 4,0 ( 1.2) 11/ 30/ tO 742
(‘oolimmg Tower 3 12 I 3 .5) 0.88 36.0 (10 ,6) 12/3 1/ 20 25 .372

*Plus one reserve unit,
**single stage .

less costly tim -an w it h out storage (66 percent ) . Gas operating on natural gas , gas turbines have a somewhat
turbines h ave a somewh at lower life-cycle cost for lower life-cycle cost than diesels; this is not true when
imatura l gas operation than diesel : however , whmen oil is time turbines use fuel oil.
used in lime turbines . costs are greater timan for diesel.

Tue laundry plant was likewise modeled in four
Tite (‘MA energy plant was mode led in the four configurations (Table 13). Energy consumption and

configurations reported in Table 12 . Table 10 presents life-cycle costs appear in Table 10 , while detailed sum-
(he energy consumption and life-cycle costs : detailed man es are presented in Appendices B and C. Th ermal
summnartes arc presented in Appendices B amid C. A storage was used for only 2 hours in configuration L-3,
hot ler plant was mimodeled iii place of time high tern- so that costs were increase d slightly without any op.
perature h o t  water system actual ly used in lime CMA erating benefits. T Ime gas turbine plant using natural gas
plant. The results were similar to t h ose for the 82nd operated almost as efficiently as the diesel plants and
Airborne plant; diesel with thme nmn ai storage is more at significantly lower cost, When placed on oil, this
efficient and less costly than without storage. When plant was only slightly more expensive than the diesel

.1-i 
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Table h O
Energy (‘onsumption and Life-Cycle Cost

A nnua l I’ ner~s ( ‘~ uis u i n ip(iiin . ( ; Btu (T i )
I qu ipn ieni I,ife’ (’~ u’ ic

-‘.nnu al (i ii xan urat I ,~ s i - t ecn r ic ily” Tota l (‘os i in (‘ i,s t in
I- fflu ’ien~-y 25 Years , 25 y ears .

(ui n ligurati on ‘7i~ I)ii-sei lur b ine I ur t ui n u ’ Itoiicr MS M S

I i ’ ’ s 1’ i t . u i  I s r  ,~\ i’ i,rui
i l - i  43  1’.’. 4 ,0 ‘01, / 2 1 7 )  ~94 I )~Y I

(( - 2 (0’ 1,74 I 7 1 1  5’) I 9 4 ’  7 / 3  I .5I’’ 2 3 . 1 1 )  I I ’ .  ‘1
(1 - 3 7/ i  I i’S I ‘111, 1 97) 9 2 /  75 6 ) 7991 23 (5 I
Ii~ I’~I . ‘ S t  ‘I-i 7 I 999) 4 5  I 5 1 1  995 l l I0’ I I I  27 .5’ . i llS 91,
1140 St  947 I ‘/‘l’/~ 4 .5 / S i )  ‘/95 I l/uSn i 2 3. 89 1 5 1 . 5 5

S2u , I  \u r) , ’ ruuu - t uiu’I’r~5 ( ‘lair I
~, I 42 ~~~ 9 / U/u  41 (7 4 2 9 )  l 2 n ( l ( t ~~29l  I l l s ,  L’~ 0”

2 (‘6 I 1 / 1 4 1  220 ) 2 3 2 i 151 3 l15’ IS I 3 1 94 7)9 1, ’)

5 - )  ‘ 1 I 2’.2 II / ‘ l I  2 1 3 i  2 2 5 i  495 15’” 3m 3 1 2t (~ 95

52 1 777 11S 7 5 1  I 3 )  I 191 1 5 1 1 0 1 9 9 4 )  3 5 . 3 3  19)1 99

-5-40 77 7 r I . S~~~I 1 1 3 /  I t S i  l S9u/11 994i 3 5 3 1  77) , ’ ) )

I SI 5 1 ,r,’ r ,~ i’l , rrui
44 ~2’. 144> 0,’ II’S > 4 9 3 )  521 / I  5 7’) 73. 1)3 ’ ’

2 l,S ~ 4 4 S 7 4  1, 2 u ‘5 I 6391 1 1 4 3  ‘ ( 5  7/ ,

- i (0~ s 4 1 )  5 ” ) )  1’ _’ ) (,S ( I,))), I ( ‘ 3 9 )  I’l 4), ‘/5  (,l(

I 4’,l. -IS 7 ,53 / 5 7’ . )  2 4 )  2~ i 5 , 7  ( 8~~l I 2 1 t~9 91 59
i 4 ))  4 5 ,s 2’.~ 2 4 1  25 1 8)17 ) 85 1 I 11 (~‘1 12 5 .99

I .ui,r,In I lit— Ic ,  Pi, uir I
I 4 ) ) 1 /7 1  921 5 2 )  5 5 )  139 1 1 4 7 1  2 7 6  2 7 9 5 ’ -

I 2 4’) ‘ . 4 >  194 u /), ) 38 ) 2 2 / )  ( 2 3 2 1  1 3 1 1 1  4 ’ ,  2
- 49 15 4 I t ’~4 /  / 5 )  3/l i 2 2 1 1 1  23 2 u  13 . 1( 3 4 / >  13

I -INu, 4’ 227 ) 239 1 227 ) 239 1 1 2 4 1  3 2 1 1 ’ .
i 40 47  2 2 7 c  2 1 ’ ) > 2 2 / /  2 391  12. 4 1 4 2. 11’

,‘nir.,l - t ‘ la i  I ,l, ’uc \  l i _ j u l
P t  2.13s ,2 457 5 / ’ / 5 ’’.) 3 t ” lo $ i4 4 1  12 1’. /9) ,  “ ‘1’’
I’ 2 I S  7 u . 4 s  2” ’’ I >  “.5 I 39’o ~u I 2 ’ . /319 2 1 4 5. 95 424 II
I’ ‘I 2 ’.7i  2 “‘I ~72 I 1 1 7 >  2 9 9 8 (3  t ) ~3l 45 22 4 t ’ 1  ‘19

5.1 15o3 I S I ’ . >  1 5 5 1 ‘11/i 11,11 3894 i  c i i / 7  /59 (‘2
P40 i S ) ) ) ,  )r , ’ S , j  I’.’. I 198) ~I~’~1 ( 3 8 9 4 /  5 1 1  12 52~ 41.
i ’ S  ‘1, 2M7 7 ’ . u i~ ‘5~ I 5 96 /  .12 2 2  7399 1 4~ ‘13 4 4 2 4 4

NI’ = n,utuu y, ui c i~
(1 t ik’t ‘ii

— I u’ ,u ’~ liii ru’(i;u’si’ uu l iu,.’i ,tiu ’ic~ ~ .,sIu’,l I’) u imu iu i )  I,, r iu ,u kc u’ic’, uncu t ’ .

planm s I hue b.isu~ pm u i hhu’iti in Ihiese h~iuimd ry plan l i mmuu dcls ‘.vhten r i tmimming o n  oil, it was time nmost expensive. (‘onfig-
is gu uuuu h use ol buss etnp c’I.ilure hic ’;it urat ion P.S i l lustrates time c t l c ’cl of ’ t ht enm mm a l losses due

— — 
to t hie rmt m a l distribution - T Ime commfigurat io n consisted of

I’uisiwi de luiad operat iuiit w i ’ .  s i i i i t m late d mit live coil— a cem itra l hm ea t inmg and clec lrica l plant. w it h steam and
l ig u ra i momm s ( F,m hl e 14 ) - I ~ib le 10 also gives t h ese  ene ig~ electricity be ing sent to time sUes of tIme ex i s t i n g  steam
co ns itmimpt ion and life-cycle cuis t res u l t s , wi t hu detai ls mu plants for tIm e productiomi of cooling e m mc ’mgv lIme ti mer ’
,.\ ppct i ,I i~~’’. B and (‘. The >Iu esel plamm i wi t l m t h mermim al umal load was increased by Is pereemit to simulate
storag e was the most ef fmc t e n l  of aimy plani t ait~~ cos i distrih it i t ion losses. TIme large lm f ’e- ~~’~ I~ cost rc t lccts
less tim - an a diesel plant wi t huium st ’ rag c. T h e  gas tuTh imie t h is assumed lass . f r nsmm missio n losses ar e not exp licit
plan t runimim ig on nmatura l gas ,was lIme least ex pc mi s iv e - in any of the other mimode ls.
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Tablell
82nd Airbor ne Energy Plant Equipment Utilization

Maximum Maximum
Siz e Average Load Load
MBtuh Operating MBtuh Date Operating

Equipment Number (MW) Ratio (MW) mo/da /hr Hours

(‘onfigurattu un -a - I  Ols isting Boiler Plant)

Boiler 3 95 (27.8 ) 0.6 1 173.0 (50.7) 1/31/ 7 10,220
Absorp ilon Chillcrt 2 11.7 l3 -4) 0.0 0,0 1 0-0)
Absorption Chillerf t I 9.8 (2.9 ) 0,49 15 ,1 ( 4.4) 8/ 14 / l I  8 ,768

12 (3 . 5 )  8,768
Coo ling Tower 4 12 I 3 .5) 0 .51 28.2 1 8.3) 8/14/11 27 ,668

(onfiguration .‘~-2 (I)iesell

Diesel 2* 4 5 (13 .2 )  0.58 89.4 (26.2) 9/ 9/15 15 ,808
Boiler 3 50 ( 14.7 ) 0,50 I 39,7 (40.9) 1/31/ 7 2,348

lt* 30 ( 8.8) 0.50 139. 7 (40.9) 1/ 31/ 7 6,435
Absorption Ctuillerl 2 8 1 2.3) 0.67 15,1 I 4.4) 8/14/It 17 ,520
Cooling Tower 3 36 ( 10.6 ) (1.48 98.1 (28 8) 9/ 4/ 18 19,949

(on figuration A- 3 )I)iesel With ‘rtiermat Siorage)

Dj es~t 2* 45 (1 3 .2 /  0 .58 89.3 (26.2) 9/ 9/ IS 15.736
Boiler I ** 30 1 8.8) 11 . 49 139. 7 (40 .9) 1 /31/ 7 6,478

3 50 114 .7) /1 .49 139.7 (40.9) 1/ 31/ 7 2,229
Absorption (‘hiIler’H’ 2 8 )  2 .3 ) 0.57 12. 7 I 3.7) 8/ 14/ 9 14 ,556
( usuhing Tower 3 36 (10 .6) 0.46 92.8 (27 .2) 9/ 4 / 9 15 .881
Hot Water Ta nk 1 2 ) ) / 5 ‘4/  I / t I )  19 . 4 ( 5. 7) 9/29/ 14 964
(‘old Water ‘rank I 8 )  2 .3 1  (1.28 7 .31 2 .1 ) 10/20 / 5 8,1 3 2

(‘ont i guration .~ -4 ~‘. ;a’. turbine)

(;~ Turbine 2* 45 (13.2) 0.58 88 7 (26.0) 9/ 9/15 15 .802
Boiler 3 5 ) 1 ) 1 4 .7 )  0.55 132. 4 38 .8) 1/3 1 / 7 1.198

) * *  30) 8 .8) 0.55 132.4 (38.8) 1/31 .! ‘7 2.868
Ahsorpiion ( ‘ I u i I I c ’r ’tt 2 8 ) 2.3~~ - ) l ( , 7 15.1 ( 4 .4) 8/ 14 / I t  17 ,520
(‘ooling ‘rosver 2 36 11 1 .6) (1.79 72 .)) (2 1, 1) 12/13 / 17 16.166

*pIus one ru’sCrVc’ unit.
**On reserve .
tI)ual stage.

+t S ng le  stage.
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Table 12
CMA Energy Plant Equi pment Utilization

Mas imum M&~im um
Site ~‘sseTage Load Load
MBtuh Operating Mtt iul s Date Operating

Equipment ~uniber ( MW ) Ratio (MW) mo da t~ Hours

(‘uu uil’m gurat i uuu m ( - I  (Boiler Phani I

Boiler 4 26 (7. 6 )  / 6 6  60.9 117 .8) 1/3 1  / 9 13 ,887
Absorption ( ‘ t m iller * 1 12 ( 3 . 5 /  (1 ,94 12 , 1 / I  3.5 ) 8 . 3 1 . 2 4  2 .208

(‘on(’igurat iu’.um ( ‘ .2 / Diesu’I /

Diesel 2*  2 2 / 6 .4 1 / 5 5  43.4 (12.7) 9/11,1 4 14 .2’I 7
l3uu l Ier 2* 24 / 7/)) 0.33 42 . 1/ ( 1 2 .5 1  1/3 1/  7 5 , 339
Absorption (‘hilkr ** I 12 (3 .5) 0,94 12. / i ( 3.5) 8/3 1/2 4 2,208
( ,u , ’ lin,, lower 4 t 2 ( 3 .5) 0.48 4 7 .2  ( ( 3 . 8 )  9 / l I / I S  20 ,194

(,‘onf iguratiuun (‘ -3 (Diesel \\ j ib ‘rhiermuui m t Storage)

Diesel 2’ 2 2 ) 6 .4) 1) 55 43.4 112. 7) 9 1 1 , 14 14 .277
Boiler 2* 2-H 7 ./ I )  0.3 2 42. 8 (12 . 5 )  1/ 31! 7 5.334
Ab suu rpiu oum (‘liiIIer ** I 12 ( 3 .5 )  0.76 II - I ( 3.3) 7/26/ 9 2,192
( uuuul ing ‘l ower 4 12 / 3 . 5 / 0.45 47.2 ( 13 .8) 9/1 I t S  19 .24 1
lion Water lank I 8 ) 2 ,31 ( 1.11/  6.9 1  2 .0) 4 /1/3 / 1 1 ,626
(‘old Wat er ‘fank 1 1 1 / 3 . 2 )  /1 /4 10. 2 ( 3.0) 6/ 30/8 ‘( .21 ))

(‘omml ’igur-.u lion (.4 / I ;a~ Turbine)

( a s  Furhu imm e 2* 22 16. 4 /  /1 ,55 43.1/ / I 2.6) 9/ 1 1 ‘14 14 .385
Boiler 2~ 24 (7 .1) ) 0.34 38.6(1 t.3 ) 1 / 3 1 / 7 1,985
Absorption ( billerS I 12 ( 3 . 5 )  0.94 12. 0 ) 3.5)  8 ‘ 3 /  24 2 .2//8
(‘ooh ine Tosver 3 12 / 3 . 5 /  / 1 .82 36.0 (10.6 ) I 2 ’ 2 5 /  9 22 , 12 3

one rescr ’ .e unit,

‘Siurc ’ Ie s tj ~ u’

1’ Dual s / a c e

1 able IS suinmimarizes I ah le hO to com impare resuh ls riomk change s froim s first to seventh. Fot the same reason .
of regiliit al amid c emm trah emle rgy plants. ‘fi me data listed t Ime cem it ral boiler plant rank sh ifts to eighth. 1mm Iu.’rtii’ .
b r  eac im category of regional plant at e summ mma tions of total fuel eff ’ic iem cy. t lmen, the central diesel plant
oven time I~ imr reg iom ia h plants mimodehed . (‘et it ra l phanit witim t hme rm ’aI storage is time least energy-consuni mptive .
daia are repea ted f ro m T~mhle 10. Table les uses inlortm a- .\ central diesel plant without storage would actual l y
i lI um f rom fable 15 to rank emse rgv plants in order of ra m m k second . ‘rime tlmir d would he regional diesel plants
u.’m cm gy coimsuinmed. l’he ex t st mng regmo t m-al bother pla mm t s with thermmia l storage. (‘learl y. tlmermal si orage can he
a ppear to he time least energy-com ms umnpi ive , However , quite beneficial ’s centra l gas turbine would rank fift h.
wheti the therm-at enc-mg\ wasted by the imi lm t v  im m These results clearly indicate t hmat central TE planis
productt mg eleet t i c ity is added I ’ m t Ime l isted e m~c rg~ - 11w would be less energy .consumptive titan regional plants.
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Table 13
Laundry Ener gy Plant Equipme nt Utilization

Max imum Max imum
Ave’rage Load Load

MBt uh Operating MBtuh Date Operating
E quipment \umher (M %% ( Ratio (MW) mo da hr Hours

I ‘‘ni w ut a i u , ’uI L I  ( Boiler Plant)

Boiler 1 25 I 7 3/  0
I 3 7 5 ( 1 1 1 )  52 31.0 19.1) 12/31/ 9 3.132

(on lig ur .mt io n 1 - 2  I1) iesel(

Diesel 2 * 1 4 ,4  Ii (( / 5  26.9 17 .9) 2-  5/ 9 11 ,371
Boiler I’ 1 6 1 4 ‘7) I ) 5’ 12.7 (3.7) 1! 1/ 9 3,04 5
(‘oo ling I us - u I 24 /7 .))) I I  24 18.8 tS .Su  2! 5/ 10 8 755

ligura l ion I ~ l Diesel V. Oh I hernial St curJ~ e I

I)jesel 2 ’ 1 4 ( 4  1) 1 1 3 5 2b ‘ 4 1 7 9 1  2,’ 5 .
. 

9 11 ,371
Boiler V 1 6 / 4 ’) 1 / 5 2  12. ’ ( 3 . 7 )  Il 8. ’ 9 3,045
Cooling I , Isss-r I 24 / 7 . 1/ )  ‘I 24 18.8 ( 5 . 5 )  2/ 5 :1/ I  8,755
Hot Water lank I 1 ( 1 1 3 )  1 1 5 ) 1  19  (0 .3)  II 1 . 1 7  2

( uuuligur.i I Sun L~ / I ,as lurhm ne)

(‘,as Turhine 2’ 14/4 . 1 / 1 / 3 5  2 6 . 8 / 7 .9) 1124/ 9 11 ,496
Boiler * 16 /4 . 7)  0.0 0. (0 I 0

*PIus one reserve unfi .

Table 1 7 uses information from Table I S  to rank increased energy efficiency more than compensates for
ene rgy p lants by life-cycle cost. The exis liimg regional the increased t’acilities cost (ranks 4 and 5 compared to
boile r p lants are the lowest in life.cycle cost, followed raimks 7 and 4), The costliest energy plants appear to be
by a central gas turbine plant using natural gas, ammd Omen regional ones with gas turbines using oil.
a central boiler plant. The least emmergy-consu mptive
plant (accounting for thermal energy waste at tIme
electric util ity), a central diesel plant with thermal Tables 16 and 17 show t hmat a single central TE plant
storage . ms fourth on the list , having a life-cycle cost is advantageous over regional TE plants in terms of both
in excess of $400 m illion. (;as turbine plants using energy consumption and life-cycle cost. This result is
natural gas rank ah ead of th ose using oil because of ’ time primarily because economies of scale in prime movers
difference in fuel cost (Table 8). When thermal storage and secondarily because of increased load diversity
is managed .11 the central rather th an reRional level , the over regional plants. 

- , - --~~~ . . — - .~~-.-- 



Tab le 14
Central Total Energy Plant Equipment Utilization

Maximum Ma~imu ni
S u e  .-~se rage Load L oad
MB tu it Opera t ing MBtu h l)ale Operating

I-quipm eni ~unuher (MW ) Rat io / M’.%) Into sia hi) h ours

( ‘,uill ig Ur_ iml ofl I’- I I(udk’ r l ’ lauut I

Bolte r I Il l/ I l )  12 9 3 . 1 1  I / I S  3 3 5 9 1 1 5 5 /  1 : 31  5) 1/ ’7 ) , l l

\ I~s , r ~’ t u ~~iu ( ‘ lu i l t c r 1 I I l l / I  / 3 ’ ) 3 /  1 1 2 ) )  34 .7 / 111 . 2 /  1 / 1 4 1 1  8 ,76))

( ‘ uu m mi ’i gitr a I io n I’- 2 1  Dis-set I

Die- ,s - I 2’ 1/5 ( 24 . ’ ) , I ) ,1’2 I (0/ 3 (49 ,6) ‘1 28 1 3 16. 398
Boiler 3* 1 211 / 3 5 . 2 /  / 1 3 1 /  2 1 / / .7 (6 1.1( 1 1 3 1  7 6 ,953
\bsu urp t iuun  ( ‘lnller ’ 3 2 / 3 5 /  1,7 3 / 4 7  (11 1 .2) 1/ 1 4 ,- I t  17 ,704
(‘onmpress ii ulm ( ‘hitter I 1 2 )  3. 5)  1 ,146

8 / 2 . 3 /  11 .63 18,3 ) 5. 4 1  II 2 4 : 1 1  1,579
,u u, lj nc [uuuer 3 lOU / 11)6 I 1 / 4 2  11(2 .1 / 5 3 . 4 /  9/ 11/ 17 14 .834

‘ , ‘u ul u, ’ Lu r .u tu , ’ lu  P.3 I I Iis’ss- I V~ /16 I tm e ru . mm al Sl ,u r.ucs ’ I

l)tese l 2* 1 / 5 1  24 .~I / 11 .61 166,6 14 1 /  1/ / 9 . 2 8 / 1 2  16 .358
I(uuj ler 2 120 ( 35 .2 /  (1 .29 2 l ) / .7 161.8) I ‘ 3 1 f  7 7 .0 13
\hsorp miuun ( ‘t m it ler ** 3 1 2 1  3 .51  11.60 293) 1 8 . 5)  1/ 14 , 1 4  14 ,838

u uiupress t un (‘hi ll s—u I 1 2 1  3.5 / 1 ,1)68
S t  2, 3 /  11 ,6 1 17 ,8 )  5 . 2 /  I I 24 9 1 .495

( ‘ ‘ l u u t ,  t , ’ u e r  2 t Ot/ I 2’l .3u  I 1 . 3’l I ’ 7 ’ 7  4 / 5 2 . 1 1 /  9 1 3  16 1 2 ,388
I b m  Water lank I 3 1 1  9 . 1)  I / t I  27. 9 I 1 / 3 /  ‘1 29 4 7 16
( ‘old W aler I .un~ I 16 j 4 7) 11 .24 13 ,5 1 4 . 11 / 1 2 1 3  23 7 ,82 3

out cur,u lion P—s II . . I urt um ne

( ;as lurbine 2’ 1/~ I 24 ‘I~ ,l .sl 154 / , 4 5 3 /  9 21/ / 2  16 ,321
Boiler 2’ 1 2 1 1 1  3 5 3 /  1 3), 205 .616 . 1/ 1 3 1 7
-‘5tus o rp Iu~~n ( ‘h itler ’ ,1 1 2 )  3 .5 1 IL’ 34 7 (II’ 2 )  5 14 I I  18 ,618

, ‘uuu lu rs ’ss u,~u1 ( ‘(t i l ler I 12 I 3 5 1  505
I 8 )  2 ./ ( ‘sI 18 , / I  / 5 3 I I  30 I ‘4/IS

‘o linc t . ’ u~s’i I I l l / l u  35) i ( ‘ ‘1’ I / H I . / I I 2 ’ )  .11  1 2 3 1 1 7  8 ,760

( ‘ ‘ I , )  icu r ,utmoim I’ u Diesels \~ t I lt Des- s’niralm ,ed I ‘ olui u c /

Uies s - I 1 1/~ ( 24 ‘II 11 .5 ”  166 .8 ( 48 ,9) 936 . 1 2 1 7 .534
(l u/ u - u 2 1 2 1 / I  3~~~.2 l  (( .39 2 4 1 / / I  / 7 / / , 3 1  1 3 1 ,’ 7 8382
~I’ s r / ’ l u O l  ( ‘l u i t ls ’r ’’ I 1 2 1  3 . 5 k 2 ,208

8 1  2 . 3 j  11 . 73 34 , 7 ( 1 / 1 . 2 /  s - ’ 14 ,;l 24 .941
I uluiprs ’ssIl’ui ( ‘loller I 4 I 1 . 2 1  / I ’ 1 5  4 ,0) 1 .2 1 1 2 / 3 / I f  6 1 ,994
( u’ u d i ne I ower 2 1 ) 1 ( 1 1 3 ’) 3 / 13 ,735

2 2 8 )  8 .2 ) (1 ,46 161. 1 (47 . 2 /  6/ 6/ 18 1)
I 4 l /~ 1 1 .7) 0

‘Plus ,uns- l,’s s - r s ,’ unit .

* ‘S iuu, ’l,’ s / u , ’,’

‘:7

-

~
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Table 1,5
Central and Total of Regional Plant Energy Consumption and Life-Cycle Costs

Annual h~nergy Consumption , ( ;Bt u (Ti)

Oil Natural (;as Electricity Total
E:quipmen t Cost Life Cycle Coat

Printer Mover Diesel Turbine Turbine Boiler in 25 Years, MS in 25 Years, MS

Boiler (Regional) 654 832 2486 27.59 368.96’
11745) (878) /2623/

Diesel (Regional 2695 - - 4 1 /7  - 3102 87 .48 474 .30
12843 ) I 429 ) (3272 )

Diesel with Thermal Smu ~rage IRegioimal) 2678 398 3076 85.88 555 .44
121/2 9 1 1 420/ (3245 )

( ‘a s I ur lu i i me on N.ul ui r , uI (
~ .is lI4egiofl,llI 37)4 11/S 3919 93.31 432.52

(3939) I I95 (4134)

( .us ‘l urluin s - urn Oil (Re g ional) 3734  t 85 3919 43 .31 596,52
(39 3 9)  1 195 )  14 1 34 )

Boiler (( ‘ eniral) 233 8 832 3170 12.08 396. 79’
( 2 4 6 7)  (878 ) (3344 )

Diesel I(’entral) 2648 378 3028 45.95 424. 11
(2794 ) I 3991 (3192)

Diesel with Thermal Storage ((‘entra l) 2626 372 2998 45.22 419,99
1277 1) ) I 392 /  13 163)

Gas Turbine on Natural Gas ICentraI( - 3 5/ 13  188 369 1 50.12 369.62
( 3696) 1 198/ (3894)

Gas Turbine on Oil ((‘eimt ral) 35(13 188 - 3691 50,12 523. 46
(3696) I 198 (3894)

*Does not represent fuel energy wasted 6y utility to nmake electricity,

28

_ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _



Table 16 CONCLUSIONS AND
Ranking of Energy Plaimts by Energy (‘oimsu med RECOMMENDATIONS

Rank I’Iait t I’ nergy , S dli u I I . ))

I lI,uil,’ u I ISe uz i ’ u u, u I  I 141(6 ( 2 6 2 3 1 ’ Conclusions
‘l’hme I ollowitmg cotmclusio ,is were drawn based otm the

2 I)iese l us il t i I lmcrmn al 1/tor us-c study results:
(Cs’nira t) 395) 5 (3163)

- Mamm~ A i mmv iim sta h ha tions have sufficient t hm em ’ mm ma l
3 Diese l/ I  s- um t ra 13 3 1) 2 1/1 3 192)  - ‘ 

- . ‘ . -dei m m-and to j ust ily constderimmg centra lticd TE app lica-

4 l) iesel ss Ott t h e r m al Si uu rage t i o l ts  for a large portion ol’ eac lm insta l lattoi m . In addit iotm
( Rswt u’ f lat )  3076 / / 2 4 5 1  eitough large heating plants cxtst at mmmost installations

so t h a t  iimmp leimm ei mt immg a cenlral 11: system immi ght
S lIt ’ ‘ Ilk’  lu mu ,ul) 3 11) ’ ) 4 2 ’ 2 /  . - ‘ . -us , ~~~ — . meqi ttr e otm ly imm im io r additions to the thmert l m a h dtslrthu-

I’ Boiler I(’enir,uI( 3 1 7 ( 1  ( 3 3 4 4 / *  
11011 s~ sle imms .

7 ( ,is Turbine I(’s’ n t r a t (  369 1 3894 / 2. Time immethod for assessing cand idate regional and
cei mtra l plants prese mmted ut th is report is viable. T h e

1/ (. .us I urluine I Res - u ,u u u. u I/ 39 19 / 4 13 4 1  ti me t lmo d considers botim energy and lif ’e’c ycle costs of
t he plant

I ),ues Itot ru ’pr s’su’Ti t (‘us-I s-n, ru~ v ,usl,’,) by U tilt my to nma ke

s - I s - c t  rm , m s .
~ - (‘e t m I ra l T ii plait Is Call be showim to be econoimi-

~ ill~ advait t/ tgeous ,‘s’er regiomm al I I: plait Is , immost ly
beca tse 01 ecom monmt e s of ’ sca le tn pri i ime m s t ,u v e r s.  Added
load diversity hey omm d t h m a I available 10 1 egmom l at pta Ills
provides a secondary benef it -

Table 17
Ranking of Energy Plants by Life-Cycle Cost 4. Peak s lmav itì g by t hmu7 rnma l slo rage is benel’icia l (‘or

large diesel plati ts .
Life-Cycle Cost

Rank Plant in 25 Years . ~ S S. Th e m o s t t’uci.efl’ici emm t plan ts are central plants

I Boiler kegtuun.iI 368 96’ us ing diesel emmg iimcs with t h mert m ma l storage . (‘entra l diesel
pha im t s wi thm out St O ua ge are second. Regi ommal diesel

1 ( ,us I ur ‘ins- oil N~t tirid ( .u~ plamm Is . a m md cemttrah amm d regional gas I urhine plait IS
I( s - nmr .u lI 31, 1 52 follow imm or der of decreasing fuel efficiency .

3 Buu il er I(’ en t ra l l  / ‘ l6  79’ 6. T h e  plammts hmaving time lowest life-cycle cost are
ce ntra l plants usimmg gas turhitm es on natural gas. as Iommg

4 I Its -s d us til t It uer imma l SI , u r .u s - s -  - .  -
- as gas nma mntal ns its curr e tm t price structur e . Centra l( (en (ra l (  4 1 9 . 9’? , -diesel plants wtthm th e r m mma l storage a re mlC\ I - fo llowed l’s

5 l)i,’su ’h ((‘ enirall 414 II ce imtra l diesel plam ils ss It ito Ut thermal storage . Regional
gas lur himme plants ott miatural gas (presu itming current g.Is

6 1 , -is I ur l m u is- on ~ ,uIur ,ul l.,us price stru cture ) ait d diesel pla m m ls . centra l gas tur h tm me
I Rs - s - u ’ ’ i u. uI  I 4 3 2 . S 2 ‘ - -plan Is oim oil - re giorm al d tese I plait Is wi t im the m mn a l storage .

7 I)j ess-l I Rcuiuu’nj l ( 4 74 /1 / aumd regional gas I urbtite pla mm Is on oil coite lude the list -

.9 ( u s  l urt u mime u.n I ( it ( ‘s - mit r i )  5 2 3  41’ Recommendations
l’hte s - u ut lce pt  0) a cetmtra lized ii: sss te l t t  Iou nmt hitar y

9 l)it’s,’I us tilt I ) mu ’ r umm ,ul Sl ur s-c m m mst a ll ati um n s should he considered when (I) .i II- slii,i ~/ k u 7 u ’  ‘nil I “ ‘~ ‘~ is hctng imm ade in com tju lmct ion witim a new co mmsl ruct ion

I)) (
~ ,is I ul r )u tf l s - , ‘ uu I l u )  I K s - s - I ’ l l  S ’41 , 62  p m l u I ~’ s- l fl accordance with the E)oD dtre ,’t i v~ ,’ ~‘ ( 3 1

‘ I l , s - s  not re pre sent  I us-I s - n ets - s  u ,us iu ’d l’s uti l i ty 1,1 n.u ks - 
‘

~ 
~! ‘‘ ,1 ;u, j ;,, ‘ us , ‘I h o!) (~, n rf nuc ’tim,n ( ‘ri ter ia .l la ,uuw!

d es - I n ,  it v 4 .2 ‘1/ / t l (  l )epart men l ut Det ’ense , 13 September 1 Q ’4 I

“1
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several new construction projects are scheduled for one i-little . D. C.. Total Energy and Total Utility S stems
installation during a relatively sitort tinme period (3 to 5 for C’onserva rion of Reso urces , Interi m Report
years), or (3) an existing boiler pla i mt is tu be expamtded E-6l/ADA 023244 (U. S. Armny Construction Engi-
or have a major boiler retrofit. neering Research Laboratory [CERL I - November

1974 .
It is recom m ended thm at time mimet hiod described in this

report . includiimg use of the CEPS portiotm of time BLAST fu t Ile. D. (‘., Use of the Building Loads Analysis and
program to simulate Central and iegtonal TI plants , be Sm ’stem Tltermods ’natnics Program to Perf brm
used to assist i t msta l l at io t ms and Corps Distr icts in imm i - Total Energy .-lnalysis. Interi m Report E-l 08
mediate and long-range planning am md design of energy (CERL . June 1Q77) .
plants.

l l t t t i e , D. (‘ ., et al., Th e Building Loads Analm ’sis and
SI  stem Thermodynamics Pro gram, Tech im ical Re-
port ( Draft) (CERL. I 977),

Uohlis, U. D. and A . V. Nida, chara ’tL ’r i:ation of
Ener~- t - U sage on .~hilitary In sta llati ons , Tab le I 2
(USAFESA . l ’Y’4) ,

R E F E R E N C E S lf I I d l j i c a tj o n  of ’ 1) 1) 1) (j’o,z struc ’tiu .in (‘riteria lfanua/
42 7b. / -M (Department of Defense , I 3 September
1974) .

A lereza, T.. B. K. hlinkle . 1). C . t u t t l e . J. 1:. Piper , an d
L. SI - W indimmgland , Energm ’ ( - Ttili: ation index O~E 1./l u ,’ Cs’cle Costing Instructions ( I)cpartm nenm umf ’

Method f o r  Pred icti,zg Building l: ’nergt ’ Use , Im i- lime A rmy. S1~ y 197 1) ,
te rinm Report E- lU5 (CERL . May 1977).

Proc edures fo r  l”easibilitl’ An alt ’sis and Preliminary
Diese l and Gas Turb ine IVortda’ide Catalog. 19’76 Edt- Design of To tal 1-:tit ’rgy Svstt’nms at Mditurr 1-at - i l-

lion , Vol 4 1 ( 1 9 76 ) .  ities , Technical Report I -0h ,Al).-~1).3 3”So ((‘IRL.
Novem ber l’-i~h),

Engineering Instruc-tiu,ns for l’reparation uuf Feasihiliti ’
Studies for Total Energy, Selective I’.’nc’rgs ’ , anul Total l:’nergt ’ 5rstems , flU1)-3~ I -I’DR I Depar imn eitt oh’
I/ eat Pump Systems (Off ice of thie Chief of l-ngi’ h ousing and Urban Development. December I’)~ 4 ( .
neers [OCEJ - I July 1Q75).

Wimtdirm giand . L. SI. and B. J. Sins it ic ki . Fixc’J FacE/irk ’s
facilit ies Engineering ,cl?iflU al Summar,m ’ of ’ Opera ri/uns in~’rgj ’ Consumption Int ’estigario~m I) ata I

(OCE , 1975) . Report , Interim Repu)rt (Draft ) (CERL . l~ ”~ ).
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APP EN D I X  A: 3. l)eternmin e tIme averag e load for eacit weekend
day per sa mp le ( I-  I b sun mim ming time samt ip ie week etmd

ANALYSIS AND SYNTH ES IS OF E N E R G Y  loads atid divid imlg by 4 . I imis yields iltree va hues .
DE MANDS

4. (‘omim pute time average sa m tmp k- daily load Pet
saii m ple til l ,is’

Thme mt ie thod of ce imtr al I t:  plait l a i ta lsst s prcs~’it m~’d
i t t  C ha pter 3 te qI Iiie.S d e t en i i t imta t iu .uit uu l the load tin ea ch d IC~ X I)) f (2 X 1 ) 1 / 7
load ~eit te t ’ . l’isis appendix ~~ uvids - s ’a Pt ocedum e to m
ihe t e r t tmi i l i i m g litis load usim ig mtt e mer e d da ta .  l’hmt s y ie lds t i t te e values.

Electrical Load 5. ( otiipule t h e  wcekda~ sca le fac tor  per saimtpl e
I hiis pm uuce ~Iure assumes lital .ist~ post I_ u r ge eii uuug ll / 

~l)~ 
bs dt vtding I) Is~ d. I Isis y ields t h ree values .

to be coissidered for central Ii is also a suihis - ieimtlv
large electrical use r to be sub 1ect to ele c m ric al  demand tu . ( ‘lus t i pute the weekend scale factor  per sa m ple
c hmarges. I ss~u genera l t~ pe~ of de m nammd nmcte rs are I I by dividing C by d. This yields three values,
commonly used: ill terval de mmi a nd rec ord e rs I rec ord itmg.
for examp le . ever y IS mn tmtute s )  ar id im ile gratmimg de mm mai md 7. Deter m uit me t h e  average demand eacim weekday
meters (w imicls provide a single peak demand each imour tit tim e sar mmp le (Ill)) by sum i m mmmitmg time demmiands
mmm or mt h). The type of ’ ineler prese mm l dem c r t tmt mm cs t ime data during time givem i Itour over the samp le weekdays amm d
struct ure available, and t h u s  tht e load - deteritmim m im ig lec it- dividing by 10. This yields 24 values per sa mmm plc or a
mm ique - to ta l  of 72 vah ucs.

Interval 1)enian,1 Rc cu rdc rs S. Dete rit mine time average den ma mmd each weekend
T imis teci mnique assutimes Ih iat :tli electric punscr passe s hmo ur of time sam m mp le (H F I by sun mtmmi ng time de mm matmd s

thru)ugim d eim tam m j  record e rs froimi w imic it h ourly (or sub’ during the given hour over time samnp le weekend and by
hourly)  data are available. l’iie imourly clectr icah load is dividing bs 4. Timis yields 24 values per samp le or a
iim e mm the sui mi of the recorded de mm m a m mds e.icht humur, to ta l  of 72 values .

,~l t er mt a tt v ei v . a smalle r data base calm be used Isv ~, (‘ot im pule the weekday h ourly scale factor per
usitmg des tgt m wee ks amid t h e  pru cedure u t  time fo llowiitg samp le I SlID) by dividing UD by D. ‘1 imis yields 2
se,Iion. sa lues.

Intc ’rt’al Dt ’,nap md Ri ’u, ’u, rdu rs h i n t
Integrating I) emanu! Mu ’ters II), (‘om pule the week e mmd huiirl~ sca le fac mo r pet

I Is is  t cchi m imq u e assumes t i t ,il su litiC electric poss e samr ip lc )S 111 1 bs dividing 
~ i- bs I.. This yields 72

passes mlmru s ug im uric de im m-_ im m d reco rder , from which hourly va l ue s .
(or ss thhu mm lv ) dat _ i are ,usai hzth le, while the bala nce ol
t ime piuss’ u’r p.Is-~u:s t hrough .1mm i l t t c g t a l m m m g  demmmamtd imme ter .  -- Ii - Deme m nmim - m e time average daiI~ colmsu imi ptt on perl it,- ii u u i u  I’, da ta sue re ui scs l to part Ition time m oi mt lml v . .  

-

non tim I I ~~ 1 b divid tim g I hte total  nioim th mlv coimsu nip-u l.ita m i t , ’  desi s - t i  wc ,’k,I,i~ s a mtd ss,’u,’ ku,’it ds for il mr u,’e , , - 
- 

-

lion l r ummmm all meters by the mmutmm he r of days pet month .su,’ is ‘Its su umt tim er (iii ne S liCt is/ I - wm 111Cm ( I)eceimmher-
h u ’ lu t ss. i u~ I. ,m imd spmtmu g h_ ill l \ l . i rcls-\1 ,j~- , Se ptemm m be ’ r~ 

This te lds 13 va lues.
N,us ,’imt ) u u ,- t  I I i t s  55 ,15 .t~ c uumim plisiied by del e r mimmim ig
slIme sc.tle l , i , t u u t s  I lt at  chatmge m i moit t h t l y and ot lmers t h at 12. (‘oiti pute the hourly electrical load ‘or a wee k’
c imamige su,’ , t s u u t t , u l j y  da y iii each iitu ) imlb m ( L~~I by iriullipiving DM by SHI)

Ilte pru ucedur e is us tum h luuss s by 
~~~ 

1 his y ie lds 24 values per mottth , 3.~~ va lues i’~v e a l
I ( ‘h uu ,ms c .u 2-u~es-~, s~tiip ls- front t u e  lm c mu i Iv dat a  I uu i

u’ .uc im u u t  t ime thr e e s c . I s ’ ’ t t ’  uu b m . umi i im m g ilt ree satt ip les . , -1. ’. C o immpute the htoui iy electrical load for a week -
2. I )etu .’ m u i t imm , ’ t ime aver .uge ssec kd, is load per sa imiple e m m d it m eachi nmomitlm I L1: by multiplying DM by S111

11) 1 hs s i i t t t i i I i i i g  tim e saiti p he weekday loads amtd divt dimt g by S~ - Ib is  y te hds 34 valu es per month. 288 values per
hs Ill h its ~-tc luis l imes - va lu e s year.  
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14 , (‘onst ruct the hourly e lectrical load over the year 2 a. Deter ntiimc the hourly stean m load in each boiler
by usi mmg LD or L1: values , as appropriate , for eacim day. phant for each design sample , using boiler logs.
The hourly electrical load calculated in th is step is
inserted in to time (‘EPS progratmm. b. Follow steps I through 3 and 7 through 9 of

the 1 4-step procedure above .
Integrating Demand Meters

lii th is instance, electrical consuimiption is known c. Determine daily totals of steam production
only m onthly . The procedure is as follows: over the year.

I. Obtaimm Itourly elect rica i dem miand readings over a d. Determine time least-squares correlation f~ (T)2-week period for the current season, since 2 weeks can between daily stea m production and daily m ean tern-
almost always be spared for t imetering in eurremm t project. perature for each boiler plant (xi each season (y),*

2. Follow the procedure tim the preceding section to e. Deternmiime cooling load per plant (usually a
obtain h our ly values for the current season, seasonal constant known by operating personnel).

3. Use the standard values amid profiles from Tables f, Detent-tine steam users load by multiplying the
A l  through A3 and m onthly consunmptmon records to average daily steam generation over successive warm
determine hourly values for the ou i ’of -s easo n nmom mths . days for which the mean temm iperature was greater than
following steps II thmrouglm 14 of time procedure above. 76°F (24°C)b y t h e  hourly scale factor , and subtracting

the cooling load from the product.
Thermal Load

Metered t hermal data is most readil y available in the g. Deterimmine heating load by multiplying f (T)
form of hourly boiler logs at boiler plants . making it by time hourly scale factor and subtracting the sum of
extretm iel y convenient to identify tIm e distribution system the steam users load and the cooling load.
of a boiler plant as a thermal load center. Time procedure
for determining the load for thermal load centers so h, Insert the cooling, steam users, and heating
defined is as follows: loads into the CEPS program as tlme thermal loads.

1, Determine time hourly steam load in c-ads boiler Seasonal designations are : s-su mnmer;w -w inter;sf-spring /
plant for the year using boiler logs : OR fail,

Table Al
Scaie Factor to Adjust Average Daily Electrical Load

(Unique for Each Month)
for WeekdayfWeekend Differences

Weekd ay . SD Weekend . SE

W inier 1.073 0.924

Spring/I all 1 182 0.8 18

Summer 1.070 /1 .929

-



Table A2 Table A3
Hourly Weekday Electrical Scale Factors , SHD (

~
) Hourl y Weekend Electrical Scale Factors , SHE (%)

Ilour of Day Winter Spring/Fall Summer Hour of Day Winter Spring/Fall Summer

I 3.4 3 ,2 3.4 1 4.0 3.9 4.3

2 3.1 2.9 3.1 2 3 .7 3. 7 4.0

3 3.0 2.8 2.9 3 3 .5 3,4 3.7

4 2.9 2.6 2,8 4 3.4 3.7 3.6

5 2.8 2,6 2,7 5 3.3 3.2 3,5

6 3.0 2.7 2 ,7 6 3 .3 3.1 3.4

7 3.1 3.1 3,0 7 3 .4 3.2 3.4

8 4.1 3.8 3.3 8 3 .5 3.3 3.4

9 5.1 4 ,7 4.2 9 3,6 3.5 3.5

10 5.2 4 .9 4.5 10 4,0 3.9 3.8

It 5.2 5.1 4.8 11 4 .3 3.5 4 .3

12 5,2 5.2 5.1 12 4 ,5 4.4 4.6

13 5.2 5.2 5.1 13 4 .6 4 .8 4 .8

14 5.2 5.2 53 14 4,6 4.9 4 .9

I S  4 .7 5. 2 5.3 15 4.6 4,9 4 .7

16 4 .7 5,2 5.4 16 4 .5 4 .9 4 .5

17 4 .6 5.0 5.3 t7  4.5 4.9 4.5

lIt 3.9 4 .5 4 .9 18 4.4 4,8 4.6

19 4 .1 4 4  4 .6 19 4,7 4.9 4.5

20 4.8 4 .5 4 .5 20 5.0 4.7 4.4

2 1 4 .6 4 .5 4 .3 21 4.8 4.8 4.3

22 4 .5 4 .6 4.4 22 4 .6 4 .9 4 .5

23 4 .2 4 .4 4 .2 23 4.6 4 .7 4.3

24 3.6 3.9 4.0 24 4 .4 4.4 4.1

33
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APPENDIX B: ENERGY UTILIZATION SUMMARIES

Thu s appetmdtx presemm t s time niontimly emmergy utilization sutmmt t tam le s for the ForI Bragg case stud y.

rable B I
Central Plant Energy Utilization Sum m ary —Conf igur ation H-I

(SI conversion factor: I Btu = 1 .055 kJ . )

101*1. TOTA L 141.5160 HEAT LII LUC LII EHERG~ ENERGY TOTAl . TO1~4, luVtl *Gt
HEAT EL ECIR C004.ING R CV R EO RCYRA$I. INPUT INPUT INPUT INPUT FUEL ENERGY PlANT

ENERGY EN(RGY ENERGY ENERGY ENERGY COt~~IImG COOLING HEATING ELECINC tNPiJ’l’ tNp tJ’r rrrtc
I~~NTH j~ JyJ (~8T~~ j~~JU~j  ~~~~~ (GaTe ) jGQ~ j  Jç~sTj~ j f.8Tt~~ j0lt~~~~ (~~TU~ ~~~~UJ. (P01(T)

1 29.356 13 653 2,009 .025 0.000 3,863 .069 40.345 45.508 43.100 88.608 49.

2 25.646 14.831 1.814 .022 0.000 3.480 02 35.202 49.436 37.684 87.120 46.

3 28.051 13.978 5.351 .025 0.000 315 .069 38.752 46.595 41.518 88,113 48.

4 22.135 15.160 5.184 .024 0.000 5.140 .066 30.228 50 .533 32.813 83.4516 45,

5 15 .1 28 16 . 60 1  5.351 .025 0,000 5. 400 069 20 .956 55 .3 56 23 .735 79.09 1 40.

6 i4 .4 52 20.518 5.18 4 . 024 0,000 5 .249 .066 20 .1 19 68. 393 22 .819 91.213 38.

7 14.9 35 20.333 5 .357 .025 0.000 5.441 .069 20. 856 67 . 778 23 .655 9 1.433 39.
8 14 .938 20.703 5.357 .025 0.000 5.438 .069 20.847 69.009 23.646 92.655 38.

9 15.930 25 .590 5.184 .024 0.000 5.205 .066 2 1.940 85 ,299 24,6 17 109.9 16 38.
10 22.8)2 1 6 . 1 3 9  5 .3 5 7 .025 0.000 5 .306 .069 3 1 . 138 53J 97 33. 869 87 .666 44.

11 26.309 14.611 5.184 .024 0.000 5.1 78 .066 36.208 48 . 703 38.813 87 .5 15 47.

12 28.275 13.86 1 2.009 .025 0.000 3 ,87 1 .069 38.967 46,203 41.126 81,929 48,

251.989 205.%3 53,352 .790 0.000 ~8.944 .807 355.559 686.611 388,114 1074.725 43.

34
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Table B2
Central Plant Energy Utilization Summary--Configuration H.2

(SI conversio im factor : 1 Btu = 1 .055 kJ . )

TOTAl. TOTAL WASTED HEAT EN ELEC EN ENERGY - ENERGY TOTAL TOTAL AVE RAGE
HEAT ELE CTR COOLING RCVRED RCVRA8 L INPUT INPUT INPUT INPu T FUll, ENERGY PLAN T

ENERGY ENERGY ENERGY ENERGY ENERGY COOLING COOLING HEATING ELECT RC INPUT INPUT E FFI C
P43t4TIt (GBTuI GBTU (G8TUj~ (~GBTU~ (~BTUJ - 

( GIITU), JG8TI/~ (G RTU ) J~~ .UJ,,. ~G8TUJ ~f,8TU1 [~f,R(rj

1 2 8 . 3 6 7  13 .8 69 2.009 1/1.969 .937 2.460 .244 37 .930 18.35)9 59.008 59.008 72.

2 25.005 15.093 1.814 19,340 2 , 3 4 9  2.663 .186 34.145 20.946 ~7 . 588 57 5.18 70 .

3 29.881 14.616 5.357 20.943 .561 7 .€15 .440 39.6/1 59 .062 l1 .413 61. 413 72.

4 :5 :24 15. 797 5.184 1 .581 2.278 9.526 .17 ) 34.554 21 .593 58.825 58.825 70.

5 18.905 17.399 5.357 19 .088 7.205 11.859 .069 29.136 26.837 59 .063 59.063 61.

6 18.107 21. 431 5. 184 19 .412 11.205 12. 1/3 .072 29.636 35.2)9 68.027 68.027 5/F .

7 18. 712 21. 141 5,357 9.864 10.757 12 .453 .073 30.316 34 . 404 67 .964 67 .964 59 .

8 18 .715 21.508 5.357 19 .985 11.076 12.509 .074 30.458 35. 119 68.836 68.836 58.

9 19.586 26.628 5.184 21.3// 15.143 12.601 .015 32 .911 45.680 81.811 61 . 87 1 56.

30 26.083 16.807 5.357 22.764 2.550 9.941 .166 35.822 23.042 61,638 61.638 70.

11 28.661 15.222 5.184 22.032 .819 8.185 .314 38.206 19.982 60.775 60.775 72.

12 27 .568 14 .047 2,009 19.347 .794 2.822 .205 36.705 18.513 57 .892 57.892 72 .

284.820 213. 558 53.352 244.701 65.723 104 .808 2.088 409.489 318.805 762.902 762.902 66.

Table 133
Central Piaitt Energy Utilization Summary --Cotmfi gurat ion H-3

(SI conversion factor: 1 Btu = 1 ,055 kJ.)

TOTAL TOTAL WASTED h EAT EN ELEC EN ENERGY EN IRGY TOTAL TOTAL AYF RA C. E
HEAT ELE CTR COOLING RCVRE D RCVRAE L INPUT INPUT INPUT INPUT FUEL ENERGY PlANt’

ENERGY ENEF/GY ENERGY EIICRGY ENERGY COOLING COOLING HEATING FE FCTRC INPUT INPUT Ur IC
•I (GeTu) (GBTUJ G8~U1 (GBTU~ (GBTU,), ~~~~~ J~~1U) ,~ G8TUj 8~~j (G8Tu), (51lTu~ ~~~~

I 28.981 13.933 2.009 19.314 .710 1. 919 .232 38.587 18.364 58.933 58 933 73.

2 26.396 15.089 1.814 19 . 739 2 ,027 1. 616 .162 35.802 20.780 57 .32 7  57 .327 72

3 30.428 14.582 5.357 21.283 .153 7.079 .418 40.060 18.829 60.931 60.931 :4.

4 26 .964 15 .66 2  5 , 184  21 .880 1 .704  7 .265  . 15 7 36 .580 2 1 . 1 1 8  58 .002 58.002 73.

5 23. 421 17 .076 5.3 57 19.234 6.623 5 .610 .061 3 5 , 3 4 7  2 6 . 1 7 0  58 .268 58 .25 8 10.

6 22 . 5 8 1  21 .108 5. 184 19 .607  10.728 5.508 .063 36,307 34.542 67 .296 6 7 .296 65.
1 23.336 20. 84t 5 .3 5 7 20 .083 10.325 5.661 .065 37 . 142 33.808 67 .335 61.335 66 .

8 2 3 . 3 1 3  2 1 .22 1 5 .357 20 .175 10.573 5 .706 .06 5 37 ,2 5 4 34. 496 68 .148 68.1 4 8 65 ,

9 25.007 26 .26 5 5.184 21.6 13 14 .428 5.514 .066 4 1.269 44 .7 15 80.8 13 80.8 13 63.
10 27 .9 86 16.660 5 .3 57 23 .1 24 1 .981 7 . 484 . 154 38.09 5 22 .546 60. 7 78 6 0 .778 73,

Il 29. 390 15.1 62 5 .184 22.4 31 .310 7 .342 .293 38 ,768 19.643 60 .100 60. 100 74 .

12 28.204 14.103 2.009 19 .675 481 2.260 .191 37 .318 18. 435 57 ,7 22 57. 722 73.

316.007 211.702 53.352 248.157 60.042 62.963 1 928 452.529 313.445 755.652 755.652 70. 
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Table B4
Ceimt ra l Plant Energy Utilization Summary—Con figuration 114

(SI con version factor: I Btu = 1.055 kJ.)

TOTAL TOTA L WASTED 111*1 !F$ EUC EN ENERGY LNL RGY TOTA L TOTA L AVE RAG E
HEAT ELECIR COOLING RCVRED RCVRAII. INPUT INPUT INPUT INPUT FUEL ENENG’ P14111

ENERGY ENERGY ENERGY ENERGY ENE RGY COOLING COOLING HEATING ILECINC INPUT INPUT tITlE
*~NT H j~~~U~ (~DT Uj  ~~8TU~j ~GBjyJ, ~G8TUj (GBT,~(j JGQ~~ J~!,i!a j~!1TUJ SGI1 TIJ) tr~p.!~J~1 (P

~~ fl,

1 28.944 1 4 , 0 7 7  2.009 23 836 1 1 . 1 9 6  3.880 .1 92  46 ,058 23. 447 72 .732  72 . 732 59.

2 25 .581 15 .1 68 1 .8 14 22 .679  10 .831 4 . 402 .107 44 .022 27.910 75 .1 17 75. 117 54.

3 3 1 ,744 14.4 85 5 .35 7 76 ,771 1 . 009 11 194 .216 49 , 771 73 776 16 .746 16.746 (0.

4 25 ,709 15.6 15 5.584 25.278 16.263 13 . 291 .098 45.441 28.773 77 .689 77.689 53.

5 18 .95 55 17,085 5.357 20.903 3 .234 16 .215 .095 39 .641 36 91 1  £iO . 741 NO .74 1 45 .

6 18 .107 20.9 19 5 .184 20.04 7 30. 7 12 16 . 598 .098 40.3 15 47 .1 3 1 91. 754 91.754 43.

7 18 .712 20.806 5.357 20 .717 33.095 17 .10 1 .10 1 41 .520 46 794 92.15 0 92.7 50 43.

8 18 .7 5 5 2 1 .114 5 .357 20 .721 32.647 1’ .089 .101 41. 490 47 .411 93.332 93.332 43.

9 19.586 26.052 5.184 21.525 28.806 15.897 .095 41.787 55 .511 101 .465 101.465 45.

10 26.496 16.6)4 5,357 26.340 17 ,937 13.816 .191 47.431 30.953 82.01 3 82.018 53.

11 29 .659 15.076 5 .184 26.904 8 ,497 11 .975 .149 49. 423 25. 852 78. 51 3 78.5 13 57 .
12 28 .2 20 14 .3)8 2.009 24.358 13.908 

- 
4 . 440 .107 44.9 19 23.606 71 .746  7 1.74 6 59.

289,884 211.450 53.352 279 .529 241 .135 146 . 059 1. 471 531 .823 418.076 994 .603 994 .603 51 .

Table B5
Central Plant Energy Util ization Summa ry —Confi guration A.)

(SI conversion factor: 1 Btu = 1 .055 kJ.)

TOTAL TOTAL WASTED HEAT EN ELEC EN ENERGY ENERGY TOTAL TOTAL AVERAGE
HEAT ELECTR COOL ING RCV RE O RCV RAB L INPUT IN PUT INPUT INPUT FULL ENEROY PLANT

ENER GY EN ERGY ENERGY ENERG Y EN ERGY COOLING COOs . ING HEATING ELECT R: INPUT INPUT UFIC
P~~NTH LQBTIJI (/~,8TU1 (G8~~I LGBJ~~ ~ BTU) (GBT~~ ,~~ 4TU~ J6BT~) JGY~~~ (G8TU~ ~~8TUj  ~ t~çfl

1 68.971 30.587 7 .931 .1 17 0.000 55 .69 5 . 4 16 97 . 375 101 .957 105 .6 91 20 7. 648 48.

2 58 .23 1 30. 797 7 . 164 .106 0 . 000 7 .939 376 82. 977 107 .657 90. 470 193,127 46 .

3 58 .236 30. 42 1 1.93 1 .117 0 .000 8 623 416 82 . 011) 101 .422 90 .26 1 191.6 93 46.

4 4 1 . 27 7  29 .790 7 .67 5 . 11 4  0.000 8 . 43 6  . 402 58 . 262 99 .300 6 6 . 3 3 1  165 ,631 43 .

5 28,831 31 . 772 7 .931 . 1 1 7  0.000 9 .220 416 43 . 226 105.906 52 . 5/ 34 157 . 940 38.

6 26.204 38.992 7 .690 . 1 1 4  0.000 9 .088 . 402 39. 871 1 2 9 . 9 7 2  4 8 . 5 1 8  178 .4119 37 .

7 27. 159 38 .568 7 .9 9 5 . 1 1 7  0.000 9 .548 . 4 16 4 1 . 450 12 8 .56 1  50. 411 178 .9 12 37 ,

8 2 7 .556 39. 280 8.264 . 1 1 7  0.000 1 1) 133 .416 41 .922 130.935 50.852 181 .787 37 .

9 29. /09 44 .2 75 7 .67 5 .1 14 0.000 8 .88 1 . 402 44 .211 141.583 52. 705 200,28 37 ,

10 43.257 32.548 7.931 .117 0.000 8.710 .416 61.054 108.492 69.381 177 .873 43.

11 50.639 29 .604 7.67 5 .114 0.000 9.258 . 402 10. 420 98.619 78. 318 176. 997 45.

2 63.608 30.440 7 .931 .117 0.000 8.689 .416 90.128 101 .466 98.444 199.911 47 .

523.678 401.019 93.793 1.381 0.000 106.2 19 4 .096 752 .1504 13 56 .931 853. 416 2210 . 347 42.
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l’.ibk 136
Central Plant Energy Utilization Summary Configuration A-2

( Sl co muve rsion factor: I Iitu = 1 .055 kJ. )

TOTAL TOT A L WAST E D HEAT EN ELEC EN ENERGY ENERGY TOTAL T OTA L AV L RA G (
H EAT EL ECIR COOL ING RCVR E O RC VR A B L INPUT INPUT INPUT iNPUT FUEl. LNER2 ,9 P/F/ NI
ENERGY ENERGY ENERGY ENERGY ENERGY COOLING COOLING HEATING ELECTRC INPUT INP tJT UrIC

FRINTH (G BTU,~ (,GIFTU) (ç.m1Tu,~ (OTTO (Gnru,j (GBTOJ j~flTuJ, _16[(1~J ,JCISTUj (c.s~1is ) (,TMIUL ( 5 S F / C T ,)

I 73 .81 5 30. 449 1.931 43. 92 7 2 , 040 14 , 5501 .121 99.081 40.823 145.019 145 .059 72.

2 6 2 . t O S  31. 595 7 , 164 41 , 757 3.0 45 13.604 .1 11 94 .7 5 1 41 .896 5 3 5 . 351 131 .35 1 11 .

3 63.080 30. 733 1.931 43 .394 1 .581 14 .710 .120 84 .799 40.309 130.2 14 130 .2 5 4 72 ,

4 45.964 30.305 7,675 39. 4 29  4,644 14 . 83? .121 63 .5 6 9  4 1 . 7 2 6  11 0. 426 110 . 42 6 69 .

5 33.6/5 32.695 7.931 33 , 707 13.239 16.962 .14/) 51.917 50.572 108 .3~Z 108.352 61 .

6 30 .851 7 40. 066 7 .690 33 .32 7 21.295 17.713 .147 51.350 66.907 124 .36 7 124 .36 7 57 .

7 3 1. 997 39 . 63 1 7 .995 34 .021 20.047 18. 122 .149 52 .2 79 65.245 12 3. 728 1 23 . 7 2 8  58.

8 32 .385 40.346 8 .264 34 .756 20 . 710 18.893 .150 53 .2 62 66 . 564 126 . 069 126.069 58.

9 34 .39 7  4 5 . 3 3 1  7 .67 5  37 .301 2 4 . 1 5 3  17 . 748 . 1 4 7  57 .227  76 .55 7  139.9 :6 139 .926  57.

10 48. 100 33.104 7 . 931 42 ,016 5 .216 15.305 .125 66 .511 45 .726 1 17 .528 117 .528 69.

11 5 5 .326  29 .923 / .67 5 42.182 1 .620 14.302 . 116 74.392 39.329 118.663 118.663 72.

12 68.452 30.802 1 .931 43.899 1 .891 14.761 .120 91. 813 40 .529 131 .444 137 . 448 72 ,

580.673 415.079 93.793 469.711 119.509 191 .814 1 .566 830.953 616. 183 5 5 1 3 .091 151 3.091  66.

Table B7
Central Plant Energy Utilization Summary —Configuration A-3

( SI conversion factor: I Btu = 1 .055 kJ.)

TOTAL TOTAL WASTEU HEAT EN ELEC EN ENERGY ENERGY TOTAL TOTAL AVERAGE
HEAT EL ECT R COOL ING RCV R E II RCVP.AISL IMP/IT INPUT INPUT INPUT FUEL ENERG1 PLANT

ENERGY E NE RGY ENERGY ENERG Y E N E R G Y  COOLING COOLING HEATIN G ELECTRC INPUT INPUT O F I C

~~NT H ,(
~~~ ~G8TU~ ~~~~~~ (GB~~j  (G~j~~ T~~ J~ 8Tj~J (GBTUJ J~BTU) SS~8T5LL ~~~~~ (PERC~J

I 75 . 134 30.680 7 .93 1 45 .056 .387 12.34 5 .11 5 100. 462 39 . 668 142 . 766 14 2 . 7~ 6 75 .

2 65.058 30 .877 7 . lt 4 42 .5, 4 1 .580 10. 461 .101 87 .120 40 .707 129 .300 129.300 74 .

3 64 .653 30.538 1 11 44 .545 .)5: 12. 7) .11 6 85.794 39.351 128 .213 1 5 .25 3 4.

4 49.01 ) 29.11 7 .6/5 40 .136 3.566 1 1.019 .102 67.074 40, 759 108 .916 108.916 73.
39 .2 79 32 .2 10 7.9 3 1 33 .93 1 12 .38 1 9.706 .095 59.846 49.487 107 .262 107 .262 67,

6 37. 146 39 .6 41 1.690 33 .741  20.509 8 .735 .096 60.940 65.800 123.426 123.426 62.

1 37 .629 39 .198 7.995 34 .362 19.340 10,049 .098 60./47 64 , 207 122 ,7/8 122.778 63.

8 38. 01 39.899 8.254 35.084 20.002 10. 4251 . 102 62 . 079 65 .506 125 .078 125 07/1 62.

9 42 . 465 44 .940  1 .675  31 .662 23 .2 80 9 ) 3 ?  .096 70 .025 75 .363 138.863 138.863 63.

10 5 1 . 7 5 3  32 .728 7 .931 42 . 776 4 .088 10.9 26 . 104 70. 853 44 .642 115.1599 115 .899 73.

11 57 .077 29 .729 7 .675 43.206 .335 12. 096 .111 75 .724 38 .41 7 116 .835 116 .835 74.

5 2  70.205 30.532 7 .931 44 .984 .306 12 .512 .116 93. 133 39 .414 336.364 135.364 74.

6213.237 410.966 93.793 4 78.30 8 105 .925 130.129 1 . 251 893.776 603.321 1494.700 1494 . 700 69.
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Table 138
Central Plant Energy Utilization Summary—Configuration A-4

(SI conversion factor: I Btu 1 .055 kJ.)

TOTAL TOTAL WASTED HEAT EN ELEC EN ENERGY EIIERGY TOTAL TOTAL AVERAGE
HEAT ELECTR COOL ING RCVR (D RCVRABL INPUT INPUT INPUT INPUT FUEL ENERGY PLANT

ENERGY ENERGY ENERGY ENERGY ENERGY COOLING COOLING HEATING ELECTRC INPUT INPUT UFIC
I&TNTH (GB TO) jG~~~j J~j~~~~ (~~TU~j J~~TUJ ~~~T&I~~ J~M ~j~~iu~ jçB~~~ j~~~uj ~~~~~~

I 73.8 75 30.893 7 .931 56.021 4 .407 17 .930 .156 3 19 .578 52 .746 178 .51 2 178 .512 59 .

2 62.605 31.116 7.164 51 .799 8,551 16.6913 . 142 102. 453 53.229 161.450 16 1.4 50 58 .

3 63 .080 30 .741 7 .93 1 54 .54 /  5. 255 17.986 .153 102.856 51.494 160.510 160. 570 58.

4 45.964 30.230 7 .615 45. 6 39 20 ,026 18, 948 . 158 80. 760 54.966 142.2 78 142 .2 78 54 .

5 33.675 32.324 7.931 37 .339 41 .211 22.009 183 67.306 51. 339 141.718 141 .flO 47.

6 30.887 39.551 7 .690 34 .563 43.643 22. 42 5 . 186 64 . 924 82 .743  155.386 155.366 45 .

7 31 ,9 517 19 . 196 7 .995 35 . 75/4 4 6 . 6 1 1  22 . 774 .1/3/3 65.5(5.’ 85 .029 15 4.//l 554 :1! ~6

8 32.385 39.894 8.264 36. 180 45. 015 23 .989 .19 1 67 .617 82.924 158. 465 158 . 465 46.

9 34.397 44. 827 7 .675 38 .073 43. 196 2 1. 618 .180 69 ,588 90.339 16/ .39 / 167 .397 47 ,

10 48.100 32 .992 7 .931 47 ,69/ 20.321 19.498 . 163 84. 131 59 .562 150.427 150. 427 54 .

11 55.326 29 . 976 7 .675 51 . 237 8. 562 17.820 .150 92 .269 55 .098 149. 5 24 149.524 57.

12 68 . 452 30 . 764 7.93 1 55.742 3.848 18.082 .155 111.804 S2 .210 170.261 170 .26 1 58,

580,673 412 , 504 93.793 544.628 290.654 239.185 2.004 1028.789 778.679 1889.799 1889.799 52.

139
Central Plant Energy Utilization Summary -Configuration C-I

(SI conversion factor: I l3tu 1 .055 kJ . )

TOTAL TOTAL WASTE D HEAT EN (LEE EN ENERGY ENERGY TOTAL TO TA L AVERAGE
HEAT ELECTR COOi.ING RCVREO RCVRAB L IMP/i T INPUT INPUT INPUT FUEL ENERG Y PLANT

ENERGY ENE RGY ENERGY ENERGY ENERGY COOL ING C/h/is 150 HEATIl~ EI.EC TRC INPUT INPUT UFIC
10118 (~B1U) ~G8TU~ j~BTy~ ~GBTUJ ( OTTO)  çf1/T/!~ ( 0 / - l u) .~~nTUL JG[ului LG!fl1 J~ J.~1 ~~~U

I 25.332 12.485 0.000 01/ 0.000 0.000 0.000 34.2 75 41. 656 36 .3U 77 .9 83 48.

2 21.624 13.168 0.000 .017 0.000 0.000 0.000 29.094 43.892 30 .973 74 .865 46.

3 21 .856 12.35 ) 0. 000 .019 0.000 0.000 0.000 29.774 41.170 31.879 13.049 47.

4 14 .156 11 .62 3 0.000 .018 0.000 0.000 0.000 19.237 1/. 744 21 25, 9 60.012 43.

S 8.7413 12 .698 0.000 .019 0.000 0.000 0.000 12.435 42.328 14 .631 56 .959 38.

6 1 9 / 198 16.028 8.100 .018 0.000 16.277 721 27.726 53 427 29.806 83 .2  4 R 3.
7 20 .56 1 15 /183 8.370 . 019 0.000 16.87 3 .22 8 28. 74 1 52.942 30.897 83.8j~ 43.

8 213.561 16.1 /9 8.370 .019 0.000 16.863 . 228 28 .724 53. 31 30.870 84.b.i 4 3.

9 9 .317 19 .557 0.000 .018 0.000 0.000 0.000 33.084 65.189 15.140 80 ,79 36.

10 15,036 12 . 723 0.000 .019 0.000 0.000 0.000 20.388 42.409 22.484 64.892 43.
II 18,3711 11 .805 0.000 .0111 0.000 0.000 0.0510 25,071 39 351 27 .105  66. 156 45.
12 23.515 12,460 0.000 .019 0.000 0,000 0.000 31. 995 41.532 3&093 75.625 48.

219 ,04 3 166.959 24.840 .223 0.000 50 .0 13 .678 300.544 556.53 326.571 832.102 44.

3:4
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Table 1310
Central Plant Energy Utilization Summa ry —Confi guration C-2

(SI conver s ion factor: I Bt u = 1 .055 kJ.)

TOTAL TOTAL WAST ED H EAT EN ELE C EN ENERGY ENERGY TOTAL TOTAL AV ERAGE
HEAT ELECTR COOLING RCVRED RCV RAB L INPUT INPUT INPUT INPUT FUEL ENERGY PLAN T

ENERGY ENERGY ENERGY ENERGY ENERGY COOLING COOLING HEATING ELECTRC INPUT INPUT EFFIC
883511H j~ p TpJ~ ~G 8 T U)  - ,~~jU) ~~BTU ~ GBTJ(~ J~J~fl~ jç/Ii.T_uj J~p T U,), J,GB~~ ~~8TuJ, (G,oj~j_ (~3~çfl

1 25.332 12. 645 0.000 17 .711 1.304 0.000 0.000 34 .473 17 .003 53.393 53.593 71 .

2 21.~ :’4 13.371 0.000 17 .19 5 2.578 0.000 0.000 30,046 15.858 50.882 50.882 69.

3 21.8 5 6 12. 516 0.000 1 7 .5 2 8  1 . 5 / 4  0.000 0.000 30. 11 0 16.949 49. 20 2 49.202 70.

4 14 .156 11. 943 0.000 13 280 5 .042 0.000 0.000 2 1 .632 18 . 734 42 , 724 42 .72 4 61.

S 8.743 13.269 0.000 8.920 11 .244 0.000 0.000 16.709 25.686 45.351 45.361 49.

6 19.898 16. 580 8.100 20 I’l l 2.940 16.354 .092 27 .860 23.068 53.018 53.018 69.

1 20.561 16, 447 8.370 20.862 2.646 16. 768 .094 28.568 22.683 53.394 53.394 69.

8 20.56 1 16, 738 8. 3/0 20 .934 2 .736 16 .815 .094 28 .646 23 . 130 53.925 53.92 5 69.

9 9 . 31 7  20 . 2 / 1 0.000 10.5 97 16.963 0.000 0.000 18.3 55 40 .916 62.245 62.245 48.

10 15.036 13. 0 6 5 0.000 14 .243 5 .478 0.000 0.000 22 .984 20.48 1 45 . 901 45.901 6 1.

11 18 .378 12.000 0.000 1 . 13/  2 .239  0.000 0.000 25. 840 16. 704 44 .662 44 ,662 68.

12 23.575 12.613 0.000 17 .719 1.223 0.000 0.000 32.016 16.884 51.0/I 51.071 71 .

219 043 1 7 1. 446 24.840 195 .522 55.96/ 49.937 .280 317 .300 26 1 .095 605.970 605 .970 65.

Table B))
Contra l Plant Energy Utilization Summa ry - -Confi gurat ion C-3

(SI conversion factor: I l3tu = 1.055 kJ.)

TOTAL TOTAL WASTED HEAT EN ELEC EN ENER G ’~ ENERGY TOTAL TOTAL A VERAGE
HEA T ELECTR COOLING RCVRED RCVRABL INPUT INPUT INPUT INPUT FUEL ENERGY PLYNT

ENERGY ENERGY ENERGY ENERGY ENERGY COO LING COOLI NG HEA T I9G ELETTRC INPUT INPUT UrIC
101T11 VI1T UJ. (01ST/i) GOT/i,) (GOTu J J08T0 .~,

GBj)() jGBTUJ, _jGRTUJ ±GRTU,1 LORTUI (,GSTUI [P[R~fl
1 5. 424 12.644 0.000 17 .72 3 1.2 94 .003 .000 34 .606 16.995 53. 582 53.51j2 13.

2 1.9 3 1 1 3 . 3 € ’  0.000 17 .208 2 .564 .003 .000 30. 539 18.843 S0 ,861 50.86 1 69.

3 1 .92- I 1 2 . 5 1 5  0.000 17 .5 4 7  1 . 562 0.000 0.000 30. 196 / 5  940 4 9. 178 49. 17 8 70.
4 4.319 11 .941 0.000 13.288 5.032 0.000 0.000 21 .902 10 .714 42 707 42 .7 0 7  61.

5 8.815 13.257 0.000 8.929 11.235 0.000 0.000 16.823 25.672 45,349 46.349 49.

6 1.849 16. 495 8.100 20,468 2.766 13. 462 .090 30.363 22.896 52.6 /1  52.6/9 7j.

7 3.390 16.301 8.3/0 21 .011 2 . 3 2 8 12 . 5/69 .092 32.14/ 22.332 52 .828 52.828 75.

8 3.121 16.598 8 .3/ 0 2 1.061 2 . 442 13.248 .093 31.881 22 . 799 53 .3 / 7  53 .31 /  74 ,

9 9.9/10 20.2/0 0.000 10. 596 16.961 0.000 0.000 19.600 40.902 6 2 .24 1  62 .241 49.

10 5.282 13.064 0.000 14 .244 5.477 0.000 0.000 23.380 20.478 45.884 45.884 62.

‘1 8.515 11 .998 0.000 16 .151 2.223 0.000 0.000 26.078 16 .691 44.633 44.633 68.

12 3.654 12.512 0.000 / /28 1.2 13 0.000 0.000 32.383 16.876 51.055 51 .056 71.

8.204 111 .064 24.840 195.953 55.096 39.585 .275 329,652 260,141 604.324 604.324 66.

- - - - - - - - - - - - - - - - --- - . .  _ _  .. ~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~ Table 812 

- - 

~

,I1

Central Plant Energy Uti lization Summa ry -Confi guration C-4
(SI conversion factor: I Btu 1 .055 ki. )

TOTAL TOTAL WASTED HEAT EN ELEC EN ENERGY ENERGY TOTAL TOTAl. AV ERAGE
HEAT ELECTR COOLING RCVRED RCYRML INPUT INPUT INPUT INPUT FUE L ENERGY PtAI*T

ENERGY ENERGY ENERGY ENERGY ENERGY COOLING CIX1( ING HEATING ELECTRC INPUT INP/IT [ErIC
~

/NT1 (~~TU1 - j~.B.TU1 kG8JPJ (08,TU,), JGBTUI ,jGBTUJ, ,jGBTUJ j~BTUJ ..j~BJ~I L~J~1 I.~~ L L’~.(!~L (
1 25.332 12. 784 0.000 2 1.520 7 .020 0. 000 0.000 43 .906 23.361 69.997 69.997 54.

2 21 .624 13. 469 0,000 2 0 . 3 /9  / . 700 0.000 0.000 39 .187 25.940 67 . 747 67 .747 52.

3 2 1 .856 1 2 . 7 5 4  0.000 20.989 1 1 .258  0.000 0.000 39 . 54/  24 .021 66. 401 66. 40 1 52.

4 14 . 156 12.205 0.000 15.2 / 8 27 .693 0 .000 0.000 29. 517 27 .250 59 ,993 59 .99 1 44.

5 8 .748 13 .3 4 7  0.000 10.290 43 . 065 0,000 0.000 22.987 36.156 63 .2 1 3  63 .2 13  35.

6 19.1198 16.403 8 .100 21 . 356 15. 25 1 21 . 21/ 3 .120 36 .173 30 .112 68 .9/ iT 68.989 53.

7 20.561 16 .2 6 7  8 . 3 / 0  22 .026 15 . 163 22 . 168 .1 2 5  37 .685 30 . 144 70 .646 70.646 52.

8 20 .561 16.564 8 .3/ 0 22.0 84 16.28 1 21 .848 .123 37 . 115 30 .233  70. 121 70. 121 53.

9 9 . 317  20. 183 0.000 10.810 30 .037 0.000 0.000 22.984 49.8 64 16.566 76 .566 39.

10 15.036 13.309 0.000 16. 135 26.45 1 0.000 0.000 31 .388 29 .627 64.351 64 .351 44.

11 18 .3 / 8  1 2 . 3 1 3  0.000 18 .643 14 .860 0.000 (1.000 34 .915 24 .423 62.213 62.213 49.

12 23.575 12.786 0,000 21.385 7.369 0.000 0.000 41.304 23.325 67 ,378 67 ,378 54 .

219.043 172.386 24.840 220.893 222.748 65.299 .368 416.707 354.455 807.614 807,614 48.

Table 1313
Central Plant Energy Utilization Summary . Configurat ion L.l

(SI conv ersion factor: I Btu = 1 .055 kJ.)

TOTAL TOTAL WASTE D HEAT EN E L E C  EN ENERGY ENERGY TOTAL TOTAL AVERAGE
HEAT ELECTR COOLING REVVED RCVRAB L INPUT INPUT INPUT IIIPU’T FUEL ENERGY PLANT

E3SERGI ENERGY ENERG1 ENERGY ENERGY COOLI NG COOLING HEATING ELECTRC INPUT INPUT EFFIC
MONTH çGBTU) (p1130,1 - (~p~ ,)~BTU,1 (G BT~~ j Gfl TU,1 J01/TU~ J~pTo) (pI~T~~ (pflT~~ (~Bj,~~ (PER ~~.j

1 5.513 5.513 0.000 .012 0.000 0.000 0.000 7 ,544 18.378 8.914 27 .292 40.
2 4 . 794 4 .7 94  0.000 .011 0,000 0.000 0 . 000 6.558 15.981 7.749 23.730 40.

3 5 .30 7 5.307 0.000 .012 0.000 0.000 0. 000 7.231 17 .690 8 ,544 26.234 40.

4 3 .799 3 . 739 0.000 .008 0.000 0. 000 0.1)00 5. 454 12 .664 6. 444 19. 109 40.

5 1.699 3.699 0.000 .008 0.000 0.000 0.000 5.46/1 12.329 6.451 18.781 39.

6 3 . 3 7 4  3 .3 7 4  0.000 . 1)08 0.000 0. 000 0. 000 5.055 11. 246 5 ,9/ 3 17,219 39.
/ 5.302 5.302 0.000 .012 0.000 0.000 0.000 7 .348 17 .6 72 8. 682 26 .354 40,

8 2.7/1 2.771 0.000 .006 0.000 0 .000 0.000 4 .436 9.238 5.241 14.479 38.

9 2. 4 1 2  2 .4 12 0.000 .005 0.000 0 .000 0.000 3.811 8 ,04 1 4 . 503 12.544 38.

10 5.086 5.086 0,000 .011 0.000 0.000 0 /100 1.033 16.9 53 8 .31 1 25 .263 40.

1I S,307 5.301 0.000 .012 0.000 0.000 0.000 7 .234 17 .690 8,547 26.237 40.

12 5.034 5.034 0,000 .011 0.000 0,000 0.000 6.885 16 .7 80 8,136 24.916 40.

52.398 52.398 0.000 .117 0.000 0.000 0.000 74.04 7 174 .661 87 ,496 262. 156 40.

40
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Table 1314
Central Plant Energy Utilization Summary - Configuration L-2

(SI conversion factor: I Btu = 1 .055 kJ.)

TOTAL TOTAL ‘ WASTED HEAT EN ELEC EN ENERG3 ENERGY TOTAL TOTAL AVERAGE
HEAT EI.ECTR COOL1NG RCVRED RCRRA BL INPUT INPUT INPUT INPUT FUEL ENERGY PLA1IT

ENr RGV ENERGY ENER GY ENERGY ENE RTY COOLING COOLIN G HEATIN G EL ICTRC INPu T II1P I JT EF FI C
P04TH (GBIU), (G8Ipj (G BT~,1 (pB T uJ, (G BTU ) j(~)Jy,1 .,(pp,Lq) ,iJ~Q~ 1 ~~~~ j~J31i~ j/

~Q~~ 
(pi i~~1

1 5 . 5 13  6 .829 0.000 3, 790 4 . 786 0.000 0.000 6,9/6 11. /S I 22.357 22.357 51 .

2 4 .79 4  5.086 0.000 3.29 6 4 . 7 0.000 0.000 7 .130 4 10. 3 15 19.536 19.536 51 .

3 5 .30/ 5.621 0.000 3. 645 4 .672 0.01)0 0.000 6.611 33 .4 1 0  21 ,592 2 1.592 51 .

4 3.799 4.107 0.000 2.1.56 3.898 0.00/) 0.000 6.393 8./76 16,325 16.325 44 .

5 3 .699 4 . 0 20 0. 000 2. 31.1. 3. 961/ 0.000 0.000 6.3 6 3 8.6 1 4 16.208 16.208 48 .

6 3 .3 / 4  3.680 0.000 2. 4 13 3 . 86 0.000 0 .00/ ) 5. 5/91 8.098 15. 0 5 9 15 ,059 41 .

7 5.302 5.620 0.000 3.6 17 4 .62 / 0.0051 0. 000 8.633 11 . 365 2 1 . 5 6 )  2 1 .661 4 1 .

8 2 .7 / 1  3 .069 0. 000 2. / lI 3 .2 5 7  0.000 0,000 4 . 952 6 . ’lS € 12 75 7  12 .7 51 46.

9 2.4)2 2.706 0.000 1 .010 3. 141 0.000 0.000 4 . 3 5 3  6 354 1) 438 11 .438 45.

10 3.000 5 .400 0.000 3, 4 - / I  4 Sju 0.000 0,000 8.290 1) 065 20,001 20.00 1 50.

11 5.307 5 .6 )6  0.000 3 63€ 4 1 . / I  0.000 0.1400 Il ( / 4  11 15! 2 /  5/5 .  21 ,53 6 5) .

12 5 .034 5 . 344 0.000 3 , 459 4 . 5 ) 2  0.000 0.00/) 8,193 10 ,937 20. 6 / 3  ~ ,‘ 618 50.

52.  / 4 4  56. 100 0.000 36. 621 50.04 2 0 . 00/) 0.000 81 0/- 3 116 953 2 19 ( ‘ 3  2 19 65 3 49.

Table Bl S
Central Plant Energy Utiliz ation Summary — Confi gura t ion L-3

(SI convers ion factor: I Btu = 1 .055 kJ .)

TOTAL TOTAL Wt .STEO HEAT (N ELEC (14 ENERGY ENERGY TOTAl. TOTAL
HEAT ELECTR COOLING REVVED RCVR A8 L INPUT INPUT INPUT INPUT FUEL ENERGY

ENERGY ENERGY ENERGY ENERGY ENERGY COOL ING COOLING HEATING ELFCTRC INPUT ISP/if
104114 (p~TL/), LGBT/iJ, ~~~~ (pB1 U,) (GI)T/i,,1 - ~GBT UJ J,GWIO) JPRT/i) JGBT~~ j~~T/() ~p~p~j

1 5.5)5 5.7/ 09 0.000 3 . 191 4 , 785 0 .000 0.000 8.982 11.747 22.356 22.356

2 4.794 5.080 0.uOO 3.296 4 22 7 0.000 0.000 7.804 10.315 19.536 19 .536

3 5 .307  5 .t ’ .’ l 0.000 3 / 4 ,  4.112 0.000 0.000 8.617 11.410 21.Y32 21 . 592

4 3. /99 4 .107 0.000 2.6/1 6 3 . 7~’/// 0.000 0.000 6 . 393 8 .7 7 0 16.325 16.32 5
5 3.699 4 . 0 ,0  0.000 2 . 6 / 1, 3 .9 /38 0.000 0.000 6 .363  1/ 6159 16.21)8 16,208

6 3.374 3.680 0.000 2 . 4 / 3  3.7/3 8 0.000 0.000 5.89 ) 8.098 15.059 15 .059

7 5 . 302  5. 620 0.000 3 . 617 4 . 623 0.000 0.000 8 .6 33  11 .36 5 21 .1.65 21 .565

8 2 . 7 7 )  3, 01’S 0.000 2 . 0 4 3  3 . 2 51 0.000 0.000 4.Q’,2 6.906 12. /57 12 . 7 5 7

9 2, 4 ) 2  2. 1(16 0.000 1 .810 3. 14 1 0 000 0.000 4 .353 6 .3 54 11 .498 11.499
10 5.086 5. 4 1 1 /  0.000 3. 49 ) 4 53 i/  0.000 0.000 8.29 0 11.005 20 .801 20.801

II 5 . 30 7  5 . 6 ) 6  0 /300 3 . 646 4 . 1./I 0.000 0.00(1 8. 6 19 1 1 . 3 5 1  2 1 , 6 36  21 . 5 / 1 .

12 6.1)34 5 . 3 4 4  0.000 3, 459 4 .512 0.000 0.000 3. 143 10.937 20 .6) 8 20 .6 18

52,400 56.100 0. 000 36.622 50.04) 0.000 0.000 87. 13/7 116.950 219 .85 3 2 19 .853

4 1



Table 1316
Central Plant Energy Utilization Summary—Confi guratio n L-4

(Si convers ion factor: I Btu = 1.055 kJ.)

TOTAL TOTAL WASTED HEAT EN ELEC EN ENERGY ENERGY TOTAl. TOTAL. AVERAGE
HEAT ELECTR COOLING RCVRE D RCVRA8L INPUT INPUT INPUT INPUT FUEl. ENERGY PLANT

ENERGY ENERGY ENERGY ENERGY ENERGY COOLING COOLING HEATING (LECTRC INPUT INPUT EFFIC
~1NTh j~ J~ j~~~j  (GBTU) ,(p~~~~ (GBTU) J~~~j  jq~~~ (G8T U) (GBTu) j~~~~ j~~~~

1 5 . 5 1 3  5 .772  0.000 6 ,S1S 19 .905 0.000 0.000 9. 462 10.81 2 21 .993  21.993 51 .

2 4.794 5.027 0.000 5.665 11 .899 0.000 0.000 8.203 9 .437  19 .130  19 . 130 51.

3 5 .307 5 . 5 6 7 0.000 6 .27 )  20.008 0.000 0.000 8.950 10 .334 20.909 20.909 52.

4 3. 799 4 .103 0.000 4 .489 23.3 52 0. 000 0. 000 7 .104 8.658 17.052 17.052 46.

5 3.699 4.072 0.000 4 .371 28.109 0.000 0.000 7.492 9.299 18.152 18.152 43.

6 3.374 3.784 0.000 3.987 31 .538 0.000 0.000 7.223 9.125 17 .659 17 .659 41.

7 5.302 5 .7 09  0.000 6 .265  31 . 31~’ 0.000 0.000 8.632 10,379 20.579 20 ,579 54.

8 2.771 3.098 0.000 3 275 25.095 0.000 0.000 6.704 8.256 16.177 16,177 36.

9 2,412 2.714 0.000 2.850 23.211 0.000 0.000 6.020 7.488 14.601 14.601 35 .

10 5.006 5.406 0.000 6.010 24.611 0.000 0.000 8.627 10.111 20.365 20.365 52.

II 5.307 5 .5 81 0.000 6. 2/1 21. 107 P.000 0.000 8.841 10.231 20.678 20.678 53.

12 5.034 5.287 0.000 5.948 19.500 0,000 0.000 8.547 9.943 20.074 20.074 51.

52.398 56. 120 0.000 6 1.9 15 286.299 0.000 0.000 95.832 114 .132 227.370 227 .370 47.

Table B17
Central Plant Energy Utilization Summa ry --Configuration P-I

ISI conver si on factor: I Btu = 1.055 ki.)

TOTAL TOTAL WASTED HEAT EN ELEC EN ENERGY ENERGY TOTAl. TOT AL AVERAGE
HEAT (LECTR COOlING RCVRED RCVRABL INPUT INPUT INPUT INPUT FUEL EII(RGY PLANT

ENERGY ENERGY ENERGY ENERGY ENERGY COOLING COOLING HEATING ELECTRC INPUT INPUT (FElt
~ N.~tt (

~.AiPJ S S T~JL ..1P.flJ~1 LG1~J~J1 ~~~~~ ,1~~~L J~t/T,~~~ ~~~~~~~ (0810) ~~~~ ~~~~ (PL RCT )

3 139.195 62.252 9.~ 4O .103 0.000 33 395 1,904 241 .498 207.505 256.094 463.600 43.

2 119 . 150 63.576 8.978 .092 0.000 30.473 1 .720 208.326 2 11 .920 22 1 , 5 84 433. 504 42.

3 126.108 62.1 40 13.288 .102 0.000 40.209 1.904 223.349 201.132 238.090 445.223 42.

4 9 3 . 5 5 8  6 0 .3 54 12 .859 .096 0.000 40 406 1 .842  172 . 150  20 1 .181 386. 568 387. 749 40.

5 68.9 55 64 . / S i  13 .2/1 8 .099 0.000 43 . 673  1 .90 4  133. 125 215 .85 8 148. 595 364. 453 37.

6 73.480 78.814 20.974 .095 0.000 59.4 11 1 .842 140.865 262 .715 155.659 4)8.374 36.

7 77.800 80.045 21.722 .10 2 0.000 61 . 501 1 904 149.04 1 26 6. 8 )6  164 ,941 431 . 757 37.

8 75.579 78.881 21.991 .096 0.000 62.306 1.904 145.389 262.956 160.479 423,435 36.

9 69.520 91 .834 12.859 .093 0.000 41.270 I 1/42 134.090 306.114 148.668 454,782 35.

10 98.760 66.470 13.288 .102 0.000 41 . 77 2 1.904 121 . 331 221 .567 196 .5 74 4 18 .141 40.
11 112.785 61 .351 12. 859 .099 0.000 39 357 1.842 202 .387 204 ,502 216.8/3 1 421 ,383 41.

12 130.587 61.809 9.940 .102 0.000 33. 710 1.904 229.6 94 206.032 244 .286 45 0.3 17 43 ,

1)85.336 832.289 171.985 1. 180 0.000 528.573 22.417 2161.246 2774 .298 2338 .4)9 5112.7 17 39.

4~
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Table K l~
Central Plant Energy Uti lization Summar y - -Confi guration P-2

( SI conversion factor: I litu 1 .055 kJ.)

TOTAL TOTAL WASTED HEAT EN ELEC EN ENERGY ENERGY TOTAL lOYAL AVE RAGE
HEAT ELECT R COOLING REVVED RCVRABL INPUT INPUT IIIPUT INPUT Fl/I L ENERGY Pt ANT

ENERGY ENERGY ENERGY ENERGY ENERGY COOLING COOLING HEATING ES LC TR C IN /UT  INt’l/I I / l I E
MONTH S,GP ,T l/ ), (~l1TU1 ,jcIuTuJ (~

‘31Tu~ (~E11uJ (/3)510), j/18T//j, _j~pIIIJ, .t’QT.//j, L~L8TP.1 (GQTUJ, (
~LpI.fl

1 128 / 19 63.669 9.940 5/7 .113 4 .220 11 .426 1 , 5 43  174 ,24 5 84 .402 270 /145 270. 045 71 .

2 110.b ’13 64 .921 8 .97/I 84 .26 /  7 .660 / 2 . 403 8 16 551 .910 811.398 25 0.762 250 . 762 70.

3 117.40 5 63 .630 13 . 2013 81 . // t/ 2.993 9.0/5 1.024 159.183 13.372 2 5 3. 0 25 253 :25 11.

4 88. 464 62 ,064 12 . 15/ /1 ,329 1 ,24 1 24 . 183 . 392 125. 4 21/ 8 /3 .32 /  222 .92 5 222.92 5 68.

5 64 . 920 67 .0)10 13.  11/5/ 6 3 . 6 76  30 .061 1’~. 94, ’ .2 16  104 .603 10€.55 9 224 ,096 . 4  096 59.

6 72.0 79 81.894 20. 9/4 lO IL—O 33.886 45.736 3/2 113 .916 128.910 255.088 255.088 60.

7 76 .31 3 82.690 21. 72.’ /13 .6 2 5 32 .6/13 48.019 . 3 / - )  1 I9 .69 5 12/3 .670 261 .384 26 1 . 384 61.

8 74 .269 81 .4 92 21 . 991 18.893 32 .2 19 49 .603 .319 1 16 .217 12 6 . 7 74  255 . 272  25 5 2/ 2 6) .

9 65.6 16 95 .123 12 .859 11 . 812 57 .458 31 , 456 .231 114 , 161 16/1 .332 295 .114 295 . 7 14  54 .

10 93 .647 68.232 13.288 83 . 59/ 1 1 . 6 8/  25. 109 .389 132. 734 95 105 239 . 667 2 39 (67 68.

II 106. 58 0 62 . 742 12 /35 9 85 .67 6 3 .5 32 20 . 1/94 .670 144 . 1/50 32 .54 0 238 . 406 23 1/ 406 71 .

12 12 1. 0/7 63.054 9.940 87 .490 3. 779 13.080 .917 164 . 179 83 . 15 9 258.580 258.580 71 .

1 11 9 .12 1 856 , 591 171, 985 963.998 231 , 338 33/1 .926 6.748 1621 . 114 1262 .610 3075 .762 3025.762 65.

Table B19
Central Plant Energy Utilization Sumlnary —‘Confi gurat ion P-3

(SI convers ion factor: I Rtu = 1.055 kJ. )

TOTAL TOTAL WASTED HEAT EN ELEC EN ENERGY ENERGY TOTAL TOTAL AVERAG E
HEAT ELECTR COOLING RCVRE D RC//RABL INPUT INPUT INPUT INPUT FUEL ENERGY PLANT

ENERGY EN E RGY ENERGY ENERGY ENERGY COOLING COOLING HEATING ELECTRC INPUT INPUT (1116
P04TH (OBTU1 (GRn ~ - .(~ BT~~ (,G BTU ~ (05/TO), (c UJ - ,,j~Kiuj /~BT,u,) (/;STuj (GDTU) (/381U), (P [RcJj

I 1 3 1 . 1 87 63 . 472 9.940 /18 .438 2. 73) 8.920 1.065 177 .093 11 / 362 268.654 21 ,5 .654 12.

2 11 4 .f- 21 64 .602 8,9/9 1/5 .565 6.822 8.772 . 706 156 .431 8/ .073 249.250 249.250 72.

3 110 .1/ 6 /  155 13.28/I /5 . 354 .515 / 6 1/ 9 .934 161 .490 91 , 765 251 .155 251 , 155 /3 ,

4 93.883 65 . 411 12. 5/ 59 78. 13 / 4 8. 778 1 7 106 347 132 .018 84 .638 220 .436 220 .436 70.

5 / 3 ,9 15 66 .347 13 . 21/ I, 1 - 3 . 1 / 2 7  29.00/3 16 )66 .159 1 1 8 .1 7 4 105 .016 2 .2 .523 2 .1.523 63.

6 1/ 4 . 1 / 2  1 / I )  1 . / I  20 . 91 4 7 / -  942 32 .4 )2  28.595 .250 13 1 .832 121 .334 2 2 . 1 1 7  252. 1 17 66.

7 88. 752 81.829 21 . 722 79 . 194 31 . 6.1. 29.415 . 256 138.200 126 .910 259 .478 259.478 66.

8 86.693 110.616 21 .991 113 .01 0 31 .260 19 .893 .259 134 .743 125 .029 253 .315 253.3 )5 66.

9 71 . 4159 93 . 8158 12 .859 72 .259 55.027 17.697 .169 133.222 164 .506 295 .369 291 .369 59.

10 99 . 51/9 67.566 13.288 134 .571 9 .978 17 .421 .341 140.163 93 .4 13 23 7. 229 23 7 .229 /0.
II I09.400 62 292 12 , 5/59 .11. 1713 1 .147 17 . 549 .615 147 .679 8/1 .926 23 5 .51 12 235.582 73.
2 124 2/16 62.804 9 .94/1 89 .123 1.808 5 0, 519 .807 167 .205 81 .856 256,82 1 256 .821 73 .

1204 .34) 848.803 171 .986 974 .0/0 2 10. 31 1 218. 691 5.910 1738 .25 ) 1240 .1128 2997 .930 2997.930 69.

43



Table B20
Centra l Plant Energy Utilization Summary—Configuration P4

(SI conversion factor: I Btu = LOSS ki.)

TOTAl. TOTAL WASTED HEAT EN (LEE EN ENERGY ENERGY TOTAl. TOTAL AV ER A GE
M EA T ELE C TR COOLING RCVRED RCVRML. INPUT INPUT INPUT INPUT FUEL ENERGY PLANT

ENERGY ENERGY ENERGY ENERGY ENERGY COOLING COOt 1MG HEATING (LECTRC INPUT INP’JT (FEIC
MONTH ~~ j U), ~~ TJ~ ,j~~~ j  jG~J~), j,9~~), j~~~), J~b~~ (G8TU) (G8~~), j~~~ j  j~~~1 (OB TU )

1 29.968 63.3 87 9.940 106. 281 15.038 16.6 51 I 123 2 ) 3 . 914  108 . 062 33 5 . 769 335 .769 58.

2 5 2 . 137 64 . 4 1 1  8 .9 7 8  100.007 28 .466 18.623 .622 190.223 112 .034 35 5. 1(4 3 15. 114 56.

3 19.30 1 63 . 17 1 13.288 106.2 16 10.027 26 .154 .8)9 193. 440 103,650 310.S33 310.533 59.

4 89.29 7 6 1 .221 12.859 89. 44 7 63. 182 30 .927 .300 153 .70 1 107 . 745 274 . 999 274 .999 55.

5 64.920 65 .683 13 .288 72.595 155. 964 35 .623 . 269 127 . 011 130 . 784 273. 519 273. 5 19 48.

6 72 ,0/ 9  79 .668 20 .974 79, 800 158 .60 1 57 .290 .388 139. 557 153 .34 )  306 . 5/40 306.840 49.

7 76 .373 80 .816 21 .722 84.68 5 163 .695 58.5 5 1 .395 145 . 448 152 .537 313. 768 313. 768 50.

8 74.26 9 /9 .646 21 .99/ 82 .11 6 161 .185 60.22 9 . 402 144 . 122 152. 5 57 3 11 . 916 311. 9 16 49.

9 6 5 .616 92.738 12.859 73 . 163 sJ . 838 36.852 .273 133. 782 188 .802 338 .038 338 .038 47 ,

10 94 .226 61 .370  13.288 95 . 899 61 . 493 31.174 .352 162. 396 1113.133 294 .913 294 .913 55.

Il 07.771 62,234 12.859 101 .735 151.716 27.652 .472 175 .671 102 .216 291.007 291.007 58.

12 23.1)3 62.744 9.940 106.718 13.244 19.578 . 706 204.766 106.636 325.132 325.132 57.

29.668 842.988 173.985 1098.657 938.450 420.904 6.120 1984.08 9 1535. 498 369 1.548 3691 .548 53.

Table B2 1
Central Plant Energy Utilization Summary—Configuration P’S

(SI conversion factor: I Htu 1.055 kJ.)

TOTAL TOTAL WASTED HEAT EN ELEC EN ENERGY ENERGY TOTAL TOTAL AVERAGE
HEAT (LECTR COOLING RCVRED RCVRABL INPUT INPUT INPUT INPUT FUEL ENERGY PLANT
ENERGY ENERGY ENERGY ENERGY ENERGY COOL I NG COOLING HEATING ELECTRC INPUT INPUT (FEIC

P~ NTN j~~~~ L~~
j (GS TU) 

~~~ 1 (G8TU) .~~ fl)), j~~T~j (Go b )  J~~~ ~~~~ 
j~~~ (PE~~fl

1 9.545 63.368 9.940 81.828 3.896 15.393 .636 200.557 83.429 296.928 296.928 72.

2 7.793 64 .742 8.978 85.309 6 .422 14 ,660 . 525 173. 143 87 . 330 272 .9 18 272.978 71.
3 5.615 63 .3)6 13.288 87 . 688 2. 568 22 .438 .550 18 1.867 82 . 5) 5  277.204 277 .204 72 .

4 9 .743  61 .966 12 .859 78.689 9.8 13 24 .653 . 304 139. 781 85 .237 237 .7 33 237 , 733 68.
S 1 .874 61 .038 13.288 64.92 7 28.995 29.725 .214 114 .871 105 . 469 235.091 235.09 1 59.

6 8 .455 81 . 149 20. 974 80. 719 36 .246 47 .068 . 312 124 .860 128 .067 267 .056 267 .056 60.

7 3.234 82.423 21 . 722 83.087 34.618 48. 339 .319 131 .297 128 542 274.907 274 .907 60.

8 0.749 81 .228 21 .991 82.430 33 .272 48.830 .318 126 .948 126.08 5 261 .221 267 .221 61.

9 2.764 94.257 52 .859 77.93) 53.047 30.45) .223 122.368 160.037 297 . 100 297. 100 56.
(0 5.633 68.197 13.288 85.621 10.550 25.602 .290 141.954 93 . 734 255 .135 2S5.1 35 68.
Ii 21 .283 62.553 12.859 86.140 2.771 22 .613 .420 163.475 81 . 709 257 . 107 257 .707 71 .

12 39.801 62.884 9.940 88.354 3.440 15.556 .604 187.608 82 .368 282.762 282.762 72.

58 .491 853. 120 171 .985 988.722 22S.638 345 . 325 4.715 1B15.330 1244 . 520 3221.82 ) 3221 .821 64.
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APPENDIX C: LIFE-CYCLE COST SUMMARIES

This appendix pEesents the life-cycle cost summaries for each configuration simulated in the Fort Bragg case study.

Table CI
Central Plant Life-Cycle Cost Summary—Conf iguration H-I

(SI conversion factor: I Btu = 1 .055 ki.)

E Q U I P M E N T  T O T A L S

Steam Bo~Ier 4639 .7
Nom inal Size (MSTIJ ) 37.800
Number Ins ta l led  3
First Cost (KS) 2486.4 2486.4
Ann u al Cos t ( t $ )  1975.5 1975.5
Cyclical Cost (KS) 177.8 177.8 

Total---- (KS ) 4639.7
1-Stage A’bsorbt ion Chi l ler 595. 1

Nominal Si ze ( PIBTU) 3.600
Number Insta lleØ 1
First Cost (KS ) 120.8 120.8
Annual Cost ( KS ) 232, 7 232.7
Cyclical Cost (KS) 241 .7 241.7 

Total-—--( K$) 595 .1
Cooling Towe r 744.2

Nominal Size (MBT U) 12.000
Number Instal led 1
First Cost (KS) 159.9 159.9
An nual Cost (KS) 59.2 5 9 2
Cyclical Cost (KS) 525.1 525 1 

T o t a l _ _ _ _ ( K $ ) 744.2
Equipment Total ST7~T5

1—Yea r Peak Cost
U T  I L 1 1’ Y , E N  E R G  V Cos t Usage Usage Escalation

J~~L ~~~~~~~~ ~~~~~ Factor

Elect 48909.5 205,983 56.34 7 61 .900

Boiler 33595.3 388.114 77.745 57.700

Utilit y. Energy Total 82500.8

- L ife Cycle Cost For 25 Years • 88.4799 ((1$)
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Table C2
Central Plant Life -Cyc le Cost Summary—Configuration H-2

(SI conversion factor: I Btu = 1 .055 kJ. )

E ,~~U I P N E N T  T O T A L S

D i esel Engine 1555 1 .7
Nomin,l Si ze (MBTIJ) 29.000
Nssnber I n s t a l l e d  3
First Cost ( K S )  12592.6 12592.6
Annual Cost , s( 2563.4 2563.4
Cyc l i ca l  Cos t ) K 5 )  395 .7 395 .7 

To ta 5 ----( p ~S) 15551 .7
Steam 8o~ le r 3398.5

~4~,,’ nd /  S i ze ~‘18T~’~- 20.000
Number Inst a l ed 3
F irst Cost (KS ) 1623. 1 1623.1
A nnual Cost )~.S 1739.4 1739.4
Cyclical Cost u.S - 36.1 36.1 

To t al----(K5  3398.5
1-Stage Ab so rbt io n Ch ’ l l er 800.9

Non-~nal Size (51810) 8.000
Number Installed
F ir s t Cost (KS) 206.2 206.2
An nual Cost (KS ) 272.9 272.9
Cyclical Cost (KS) 321.7 321.7 

Total- --- (K $) 800.9
Open Centrifugal ChI l ler  426 .3

Nominal Si ze (518 10) 4.000
Number Installed
First Cost (KS) 117.8 117.8
Annual Cost (KS) 297.0 297.0
Cyc l i ca l  Cos t (KS) 11.5 11.5 

To ta l- --- (K$) 426.3
Cool ing Tower 2920.7

Nominal Size (MBT U) 12.000
Number Installed 7
First Cost (K S ) 1119.0 1119.0
Ann ual Cost (KS) 414 .4 414 .4
Cyclical Cost (KS) 1387.2 1387.2 

To tal -___ (K$) 
______ 

2920 .7
Equipment Total 23098.0

1-Year Peak Cost
U T I I. I T ‘l~ C N C R G I Cost Usage Usage Escalation

J1~.L 1~ 1VJ. j
~ I~1 Factor

Diesel 87936. 7 674 .043 184.578 42. 400

___________Boil e r 769(1.7 88 .859 44.394 57. 700
Ut i lity ,  Energy ~~taT

— Life Cycle Cost For 25 Years • 118.7254 (515 )

4O.
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Table C3
Central Plant Life-Cycle Cost Summa ry—Confi guration H-3

(SI conversion factor: I Btu = 1 .055 ki.)

E Q U I P M E N T  T O T A L  S

Diesel Engine 15541.3
Nom inal S ize (5~ T U )  29.000
Hurter Installed 3
Fi rst Cost (i.$) 12592.6 12592.6
Annual Cost (KS) 2556.6 2556 .6
Cyclical Cos t (KS) 392.1 392.1 

To ta l --—— (KS) 1554 1 ,3
Steam Boiler 3398.9

Nomi nal Size (MO TU) 20.000
Number Installed 3
First Cost (KS) 1623.1 1623.1
Annua l Cost (KS) 1739.4 1739.4
Cyclical Cos t (KS) 36.5 36.5 

‘To tal — — --(K S ) 3398.9
1—Stage Absorb tion Chiller 763.4

No”.inal Size (MOTh ) 8.000
Number Installed
Fi rst Cost (KS) 206.2 206.2
Annual Cost (KS) 272.9 272.9
Cyclical Cos t (KS) 284 .3 284.3 

Total---- (K$) 763.4
Open Centrifuga l Chiller 425.1

Nominal Size (MBTU) 4.000
Number Installed 1
First Cost (KS) 117.8 117.8
Annual  Cost (KS) 297.0 297.0
Cycl ical  Cost (KS)  10.3 10.3 

Total— -—- (K5 ) 425 .1
Cooling Tower 1850.2

Nomi nal Size (MBTU) 24.000
Number Installed 3
First Cost (KS) 763 .1 763 .1
Annual Cos t (KS) 204.0 204.0
Cycl ical Cost (KS) 883.1 883.1 

Tota l—-— - (K $) 1850.2
Hot Water Tank 40.1

Nominal S i ze 12 .000
Nu m ber Ins ta l l e d
First Cost (KS) 27.8 27.8
Annual Cost (KS) 12.3 12.3
Cyclical Cost (KS) 0.0 0.0 

Total---—(K S ) 40 .1
Cold Wa ter Tank 64 .3

Nominal Size (54810) 8.000
Number Installed
First Cost (KS) 52.9 52.9
Annual Cost ( K S)  11.3 11.3
Cycl ical Cost (KS) 0.0 0.0 

Total---- (KS 64 .3
Equ i pment Total 220BTT”

a
1-Year Peak CostU T I L I T Y , E N E R G T Cost Usage Usage Escalation

~~ L~~BL1 Q!~BL). Factor
Diesel 8724 S.4 668 .744 183.786 42. 400

Boiler 7521.9 86.908 44.2 53 57.700
Ut ili ty~ Ene .’gy Total 94767.3

- h f .  Cycle Cost For 25 Years • 116.8506 (P55)
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Table C4
Central Plant Life-Cycle Cost Summary—Confi guration H-4

(Natura l Gas)
(SI conver sion factor: I Btu = 1 .055 ki.)

E Q U I P M E N T  T O T A L S

Gas Turbine 17106.4
Nominal Size (54870) 29.000
Number Installed 3
First Cost (KS) 10074.1 10074.1
A nnual Cost (KS) 1979.9 1979.9
Cyclical Cost (KS) 5052.4 5052.4 

Total--— -(K$) 17106.4
Steam Boile r 3373.7

Nominal Size (11610) 20.000
Number I ns ta l l e d 3
First Cost (KS) 1623.1 1623.1
Annual Cost (KS) 1739.4 1739.4
Cyclical Cos t . ( KS )  11.3 11.3 

Total----(KS ) 3373.7
1—Stage Absorbtion Chiller 823.7

Nominal Size (MBTU) 8.000
Number Installed
First Cost (KS) 206.2 206.2
Annual Cos t (KS) 272.9 272.9
Cyclical Cost (KS) 344.6 344.6 

Total---- (K5) 823.7
Open Centri fugal Chiller 415 .5

Nominal Size (55810) 4.000
Number Installed 1
Fi rst Cost (KS ) 117.8 117.8
Annual Cos t (KS) 297.0 297.0
Cyclical Cos t (KS) .7 .7 

Total---- (KS ) 415.5
Cooling Tower 2160 .8

Nominal Size (MB Tu) 12.000
Num ber Installed 3
First Cost (KS) 479.6 479.6
A nnual Cost (KS) 177.6 177.6
Cyclical Cos t (KS) 1503.6 1503.6 

Tota l- -_ - (KS) 2160.8
Equipme n t Total 23880.1

1-Year Peak Cos t
U T I L I T V . C N C R G Y Cos t Usage Usage Esca lation
_______________________________ S.~$J. i~ BL1 ~~~~ Fac tor

Gas Tur 81959.1 946.957 l97 595 57.700

B o Ile r 4123.8 47.646 37.530 57.700
Utility. Energy Total 86082.9

- Life Cycl e Cost For 25 Years — 109.9630 (545)
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Table CS
Central Plant Life-Cycle Cost Summary —Conf.?uration H.4

(Fuel Oil)
(SI conversion factor: I I3tu = 1 .055 ki.)

E Q U I P M E N T  T O T A L S

Gas Turbine 17106 .4
Nominal Size (P~Tu) 29.000
Number Installed 3
First Cost (KS) 10074.1 10074 .1
Annual Cost (KS) 1979.9 1979.9
Cyclical Cost (KS) 5052.4 5052.4 

Tota l——-- (KS ) 17106 .4
Steam Boiler 3373,7

Nominal  Si z e ( SlOTh) 20 .000
Number Installed 3
First Cos.t (KS) 1623 .1 1623.1
Annual Cos t (KS) 1739.4 1739.4
Cyclical Cos t (KS) 11.3 11 .3 

Total ---- (KS) 3373 .7
1—Stage Ab sorb tion Ch i l l er 823.7

Nom in a l  ~ize (MB TU) 8.000
Number Instal led 1
First Cost (K S ) 206.2 206.2
Annua l Cos t (KS) 272.9 272.9
Cyclical Cos t (KS) 344.6 344.6 

Tota l - — -- (K5 ) 823.7
Open Centrifugal Ch i ll er 415.5

Nominal Size (M8TU) 4.000
Number Ins ta l l e d
Firs t Cost (KS) 117 .8 117.8
Annual Cost (KS) 297.0 297.0
Cycl ical Cost (KS ) .7 .7 

Total---- (K$) 415 5
Cooling Tower 2160.8

Nominal Size (MBTU) 12.000
Slumber Snetalled 3
Firs t Cost (KS) 479.6 479.6
Annual Cos t (KS) 177.6 177.6
Cycl ical Cost (KS) 1503.6 1503.6 

Total - ---(K5) 
_______ 2160.8

Equipment Tota l 23880.1
1—Year Peak Cost

U I !  L I T  I , E N E R G Y  Cost Usage Usage Escalation
I flu Q!11~J . Factor

Gas Tur 123541, 4 946 .957 197.595 42 .400

Boiler 4123.8 47.646 37.530 57.700
Utili ty. Ene rgy Total 127665.2

— Life Cycle Cost For 25 Ye a rs • 151 .5453 (P55)
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Table C6
Central Plant Life-Cycle Cost Summary—Configuration A-I

(Si conver~on factor: I Btu = 1 .055 k.J.)

E 4 U E P M ( N T  T O T A L S

Steam Boiler 7178.1
Nominal Size (MOTEl) 95.000
Number Installed 3
First Cost (KS) 4610.2 4610.2
Annua l Cos t (KS) 2375.4 2375.4
Cycl ical Cost (KS) 192.6 192.6 

Total----(K5) 7178.1
1—Stage Absorbtion Chiller 1122.6

Nominal Size (54810 ) 11.740
Number Installed 2
Firs t Cost (KS) 533 2 533.2
Annual Cos t (K$) 589.4 589.4
Cycl ical Cost (KS) 0.0 0.0 

Tota l -- -- (KS) 1122 .6
2—Stage Absorb tion Chiller 2334.0

Nominal Size (MtITU) 9 840 12.000
Number Instal led 1
First Cost (KS) 738.0 344.5 393.5
Ann ual Cost (KS) 580 5 284.5 296.0
Cyclical Cost (KS) 1015.5 484.5 531.0 

Tota l -- - - (K$) 1113.5 1220.5
Cool i ng Tower 2424 .2

Nominal S ize (158Th) l2 000
Number Installed 4
Fi rst Cost (KS) 639.5 639.5
Ann ual Cost (KS) 236.8 236.8
Cyclical Cost )KS ) 1547.9 1547.9 

To ta l---- (K $) 
______ 

2424 .2
Equipment lotal 13058.9

1-Year Peak Cost
U T I I I I I, E N E R G Y Cost Usage Usage Escalation

j~ J ~~fl Q, I~ nL). Factor
Elec t 92573.7 407 .079 87.758 61.900

Bo iler 73863.2 853.416 238.142 57.700
Uti l i ty .  E~ To tal ~~ 166436.9

— Life Cycle Cost For 25 YHrs • 179.4958 (545 )

~ 
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Table C7
Central Plant Life .Cyc le Cost Summary —Confi guration A-2

(SI conve rsion factor: I Btu = 1 .055 kJ.)

E Q U I P M E N T  T O T A L S

Diesel Engine 20707 .2
Nominal Size (?48TU) 45.000
Number Installed 3
First Cost (KS) 16902.9 16902.9
Ann ual Cost (KS) 3195.9 31 95.9
Cycl ica l Cost (KS) 608.3 608.3 

To ta l-- --(K S ) 20707.2
Steam Boiler 6547.6

Nominal Size (98Th) 50.000 30.000
Number Installed 3 1
First Cost (KS) 3700.8 2998.9 709.9
Ann ual Cost ( K S) 2718.0 2089.2 628.8
Cycl ica l  Cos t ( K S )  120 .9 9 .1 111 .8 

Iotal---- (K$ ) 5097.1 1450.5
1—Stage Absorbtion Chiller 1662.6

Nominal Size (M8TU) 8.000
Number Instal led 2
First Cost (KS) 412.4 412.4
Annual Cost (KS) 545.9 545.9
Cyclical Cost (KS)  704 .4 704.4 

Total----(K S) 1662.6
Cool ing Tower 3020.1

Nominal Size (MOb ) 36.000
Number Installed 3
Firs t Cost (KS) 1001.3 1001.3
Annua l Cost (KS ) 221.2 221 .2
Cyclical Cost ( K S) 1797.6 1797.6 

Iotal- -- (K $) ________ 
3020.1

Equipment Total 31937 .5
1-Year Peak Cost

U I I L I I Y , C N E R G V Cost Usage Usage Escalation
_______________________________ S!11 I~ELL 1~ flU. Factor

Diesel 168735 .0 ‘293 .369 284. 459 42.400

Boiler 19016.9 219.721 186.869 57.700
Utility . Energy Total 187751 .9

- Life Cycle Cost For 25 Years • 219.6894 (545 )
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Tab le C8
Central Plant Life -Cycle Cost Summary—Confi guration A- 3

(SI conversion factor: I Btu = 1.055 kJ.)

E Q U I P M E N T  T O T A L S

Diesel Engine 20695.3
Nom inal Size (~~TU ) 45.000
Number Installed 3
First Cost (KS) 16902.9 16902.9
Annual Cos t (KS) 3188.1 31S8.1
Cycl ical Cost (KS) 604.3 604 .3 

Total- ---(KS) 20695 .3
Steam Boiler 6547.8

Nominal Size ( 118Th) 50.000 30.000
Numbe r Installed 3
First Cost (KS ) 3708.8 2998.9 709.9
Annual Cost (KS) 2718 .0 2039.2 528.8
Cycl ical  Cost (KS) 121 .1 8.2 112. 8 

Total-- -- (K$ ) 5096.3 1451 .5
I—Stage Abosrbt ion Chiller 1482.5

Nominal Size (MBTU) 8.000
Number Installed 2
First Cost (K S) 412.4 412.4
Annual Cost (KS) S45.9 545.9
Cyclical Cost (KS) 524.3 S24 .3 

bota l-. - - - ( K$ )  1482.5
Cooling Tower 2468.7

Nominal Size (M O Th ) 36.000
Number Installed 3
First Cost (K S ) 1001.3 1001.3
Annual Cost ( K S )  221.2 221 .2
Cyclical Cost (KS)  1246.2 1246.2 

botal---—(K5 ) 2468.7
Hot Water  Tank 52 .7

Nominal Size (P5810) 20.000
Number Installed
First Cost (KS) 39.1 39.1
An nual Cost (KS) 13.6 13.6
Cycl ical C~~t ~KS1i 0.0 0.0 

T o ta l - - - -( K5 ) 52.7
Cold Water Tank 64 .3

Nominal S ize  (PISTO l 8.000
Number Instal led 1
First Cost (KS) 52.9 52.9
Annua l Cost ( KS) 11.3 11.3
Cyclical Cost (KS) 0.0 0.0 

Total----(KS) 64.3
Equipment Total 3r1’fl7~

1—Yea r Peak CostU I I L I I V . C N E R G V Cost Usage Usage E scala tion
(GBTIJ ) (54810) Factor

Diesel 167211 .9 1282 .155 284.012 42.400

Boiler 18395.8 212.545 186.929 57.700

Uti l i ty,  Energy Total  18S567 .7

- Life Cycle Cost For 25 Years • 216.9790 (54$ )
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Tab le C9
Centra l Plant Life-Cycle Cost Summa ry—Config uration A-4

(Natural Gas)
(SI conversion factor: I Btu = 1.055 ki.)

E Q U I P M E N T  T O T A L S

Gas Turbine 24830.3
Nominal Size (518Th ) 45.000
Number Installed 3
First Cost (KS ) 1 3522.3 13522.3
Ann ual Cost (KS) 2481.9 2481.9
Cyclical Cost (KS) 8826.2 8826.2 

T o t a l - — - - ( K $ )  24830.3
Steam Boiler 6459.9

Nominal Size - (M8TU) 50.000 30.000
Number Installed 3
Fir s t Cost (KS) 3708.8 2998.9 709.9
Annual Cos t (KS) 2718.0 2089.2 628.8
Cyclical Cost (KS) 33.2 0.0 33.2 

Total---- (K$) 5088.0 1371.9
1—Stage Ab sorbtion C h i l l e r  1 662.6

Nominal Size (MOTU) 8.000
Num ber Ins ta l l e d 2
F i r s t  Cost (KS) 412.4 412.4
Annual Cost (KS) 545.9 545.9
Cycl ical Cost (KS) 704.4 704 . 4 

T o ta l - - - - ( K$)  1662.6
Cooling Towe r 2379.7

Nominal Size (51810) 36.000
Number Installed 2
First Cost (K S)  667.5 667. 5
Annual Cost (K S )  147 .5 147.5
Cycl i cal Cos t ( KS) 1564 .7 1564.7 

Total---- (K $ ) 
_______ 

2379.7
Equi pment Total 35332.6

I-Year Peak Cost
U T  I I I T V , E N  E R G  V Cost Usage Usage Escalation

.I~1L I~fl~ k!~IiLL Factor

Gas Tur 153766.9 1776.6 25 313.120 57. 700

Boiler 979 5.2 113. 174 178.242 57.700
Uti l i ty,  Energy Total 16356 2 .1

— L ife Cycle Cost For 25 Years • 198.8947 ( P55 )
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Table ClO
Central Plant Life-Cycle Cost Summary —Configuration A-4

(Fuel Oil)
(SI conversion factor: I Btu = I.055 kJ .~

E Q U I P M E N T  T O T A L S

Gas Turbine 24830.3
Nominal Size (PISTU) 45.000
Number Installed 3
Firs t Cost (KS) 1 3522.3 1 3522.3
Annual Cost (KS) 2481.9 2481 .9
Cyclical Cost (KS) 8826.2 8826.2 

To ta l - - - - ( K$)  24830.3
Steam Boiler 6459.9

Nominal Size. ( 5-5810) 50 .000
Number Installed 3
First Cost (KS) 3708.8 2998.9
Annua l Cost (K S ) 2718.0 2089.2
Cyclical Cost ( KS )  33.2 0.0 

Tota l - - -—( K S) 5088.0
1—Stage Ab s orbt ion Chil ler 1662.6

Nominal Size (MBTIJ ) 8.000
Number Installed 2
First Cost (KS) 412 .4 412.4
Annual Cost (KS) 545.9 545.9
Cyclical Cost (KS) 704.4 704. 4 

Total—--—(KS) 1662.6
Cooling Tower 2379.7

Nominal Size (54810 ) 36 000
Number Installed 2
First Cost (KS) 667.5 667.5
Annual Cost (KS) 147 .5 147.5
Cyclical Cos t (KS) 1564.7 1564.7

______________ _______________ ________ 
2379 .7

Equipment Total 35332 .6
1-Year Peak Cost

UI  I L I T V , E N E R G Y  Cost Usage Usage Escalation
j
~1 ~~J3(j  flL)~ 

Factor

Gas Tur 231 781 .2 1776.625 313.120 42.400

Boiler 9795.2 113.174 178.242 57.700
UtTlIty, Energy Tota l~~ 241576.4

- Life Cycle Cost For 25 Years • 276.9090 (Mi)
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Table CII
Central Plant Life-Cycle Cost Summary—Confi gura tion C-I

(SI conversion factor: I Btu = 1 .055 ki.)

E Q U I P M E N T  T O T A L S

Steam Boiler 5197.7 . 
-

Nominal Size (MOTh) 26 .000
Number Installed 4
First Cost (K S ) 2580.0 2580.0
Annual Cost (KS) 2444.1 2444.1

- Cyclical Cost ( K S)  173 .6 173.6 
Total -- - -)h i.$) 5197.7

1—Stage A b sorbtion Ch i ller 590.3
llominai Si ze (PISTU) 12.000
Number Insta l led
First Cost ( K S )  270 .5 270 S
Annual Cost (KS) 296.0 296.5
Cyclical Cost (KS)  23 .7 23.7 

Total---- (KS ) 590.3
Equi pment Total

1 -Year Peak Cost
U T I L I I Y , E N E R G V Cost Usage Usaqe Escalation

(~~j~ (6810) j~ fl~j  Factor
Elec t 39066.0 166.9 59 42.207 61 .90
Boiler 28178 .2 27.5.57 1 81.398 57.70

Utility , Energy Tota f~~ 67244 .1

- Life Cycle Cost For 25 Years • 73 .032 1 (Mi )

55

~

-

~

--—. ~~~~.- - - - -
~~~~~~~~

- -- .—
~~~~-



~ 

Table C12
Central Plant Life-Cycle Cost Summary—Configuration C-2

(SI conversio n factor: I Btu = 1.055 ki.)

E Q U I P M E N T  T O T A L S

Diesel Engine 13316.0
Nom inal S i z e  (P58 Th )  22.000
Number Installed 3
First Cost (KS) 10464.8 10464.8
Annual Cost (KS ) 2449 6 2449.6
Cyclical Cost (KS) 401 .6 401.6 

Total- - - - (K $) 13316.0
Steam Boiler 3662A

Nominal Size 155810) 24.000
Number Installed 3
Fl— st Cost (KS) 1834.0 1834.0
Annual Cost (KS) 1804.0 1804.0
Cyclical Cost (KS) 24.5 24 .5 

Total----(K $) 3862.4
I—Stage Absorbtlon Chiller S90 3

Nominal Size ( P nTU) 12.000
Number Installed 1
Fir st Cost (KS) 270 .5 270.5
Annual Cost (KS) 296.0 296.0
Cyclical Cost (KS) 237 237 

Total----(K $ ) 590.3
Cooling Tower 1864.0

Nominal Size (MBThj ) 12 000
Number Installed 4
First Cost (K S ) 639. 5 639 .5
Annual Cost (KS) 236 8 236.8
Cyclical Cost (K S ) 987.8 987.8 

T o t a l_ - _ _ ( K $ j  ______ 
l864 0

Equipment Total 19432.7
1-Year Peak Cost

U I I L I T Y , C N E R 6 V Cost Usage Usage Escalation
1.~11 ~fl~J Q~B~ Factor

Diesel 70937.0 543.739 137.459 42.400

Boiler 5386.1 62 .231 56 809 57 700
Utility, £nerq # 1 76323 .1

- Life Cycle Cost For 25 VeIrs • 95.7558 (Mi )

so
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Table C13
Central Plant Life -Cycle Cost Summary—Confi guration C-3

(SI conversion factor: I Btu = 1 .055 kJ. )

~A U I P M E N T  T O T A L S

Diesel Engine 13313.6
Nomin al Size (PlfJlU) 22.000
Number Installed 3
First Cost (KS) 10464.8 10464.8
Annual Cost (K S ) 2448.0 2448.0
Cycl ical Cost (KS) 400.8 400.8 

Total----(K$) 13313 .6
Stean Boiler  3662 .3

Nominal Size  (MOTh ) 24 .000
Number Installed 3
Firs t Cost ( KS ) 1834 .0 1834 .0
Annual Cost (K S )  1804 .0 1804 .0
Cyclical Cost (KS) 24.4 24 4 

Total---- (K$ ) 3662.3
1-Stage Absorbtlon C h i l l e r  589.8

Nom in al Size (MOT h) 12 000
Number Ins ta l led
First Cost (K S ) 270.5 270.5
Annual Cost (KS) 296.0 296 .0
Cycl ica l  Cos t ( KS) 23.3 23. 3 

To ta l—- --(K $) 589.8
Cooling Tower 1 788.7

Nominal Size (M O Th ) 12 000
Number Instal led 4
Firs t Cost (KS) 639.5 639.5
A n n u a l  Cost (K S )  236.8 236.8
Cyclical Cost ( KS ) 912. 4 912.4 

Iotal--- - ( KS )  178& 7
Hot Water Tank 32 .5

Nominal Size (MOTU) 8.000
Num ber I n s t a l l e d 1
Firs t  Cos t (Ks) 21 .2 21 .2
Annual Cost (K$)  11.3 11. 3
Cyclic al Cos t (KS ) 0.0 0.0 

Total--— - (K5 32.5
Cold Wate r Tank 77.6

Nominal Size (MOlU) 11.000
Number Installed 1
First Cost (K S) 65.5 65.5
Annual Cost (K S )  12.1 12.1
Cyclical Cost ( K s) o.o 0.0 

Tota l - - - - (K$ ~ _____ 77.6
Equi pment Tótjf 19464 .5

1-Year Peak Cost
U I I L I T V . E N E R 6 V Cost Usage Usage Escalation
___________________________ ~~ ~~fl~) Q~fl(j Factor

Diesel 70798.3 542.676 137 .4S9 42 . 400

Boiler 5335.6 61 .648 56 .809 57.700
Utility . £n~~~7T~iTaT 761 3 4 0

- Life Cycle Cost For 25 Years • 95 .5985 (Mi )
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Tzible C14
Central Plant Life-Cycle Cost Summa ry —Conf iguration C-4

(Natura l Gas)
(SI conve rsion factor: 1 Stu = 1.055 kJ. )

E Q U I P M E N T  T O T A L S

Gas Turbine 15542.7
Nominal Size (MOTh) 22 000
Number Installed 3
First Cos t (KS) 8371.9 8371 .9
Annual Cost (KS) 1900 9 1900.9
Cyclical Cost (KS) 5269 9 S269 9 

To tal---- (KS) 15542J
Steam Boiler 3643.2

Nom inal Size (MBTU( 24.000
Number Ins talled 3
First Cos t (KS) 1834.0 1834.0
Annual Cos t (K S) 1804 0 1804.0
Cyclical Co st )KS ) 5.3 5.3 

Total---- (KS ) 3643.2
I—S tage Ab sorbtion Chiller 590.3

Nominal Size ( PIB TU) 12.000
Nu mber Installed 1
Fi rst Cost (KS) 270 5 270 5
An nual Cost (KS ) 296.0 296.0
Cycl ical Cost (KS) 237 23i 

Total-----(K$) 590~3Cooling Tower 191L2
Nomina l  S i ze  (548Th) l2 000
Number Instal led 3
First Cost (K S ) 479.6 479.6
Annual Cost (K S ) 177.6 177.6
Cycl ica l Cost (KS ) 1260.0 1260.0

— Tota l- - - - (K5J _______ 
1917.2

Equipment Total 2 1693.5
1 -Year Peak Cost

U T !  L I T V , E N  E R 6 V Cost Usage Usage Escalation
Q~fl~j  Factor

Gas Tur 67802.0 763.38 5 148 .724 57 700

Boiler 2097.0 24 .229 51 .455 57.700
UtfT i ty, Energy Total 69899.0

— L i f e  Cyc le Cost For 25 Years • 91 .5925 (Mi )



Table CIS
Central Plant Life -Cycle Cost Summa ry—Confi guration C-4

(Fuel Oil)
(SI conversion factor: I Bt u = 1 .055 ki.)

E Q U I P M E N T  T O T A L S

Gas Turbine 1 5542.7
Nomi nal Size (MBTU) 22.000
Number Installed 3
Firçt Cost (KS) 8371.9 831L9
Annual Cost (KS)  1900.9 1900.9
Cyclical Cost (KS) 5269.9 5269.9 

Total----(K5 ) 15542.7
Steam B o i l e r  3643.2

Nominal Size (MBTU) 24 000
Number Installed 3
Firs t Cost (KS) 1834.0 1834 .0
An nual Cost (KS) 1804 .0 1804 .0
Cycl i cal Cost ( K S )  5 .3 5 3  

Total---- (K5 ) 3643.2
1-Stage Absorbtion Chiller 590.3

Nominal Si ze (MBTU) 12.000
Number Insta l led
Firs t Cost (KS) 270.5 270.5
Annual Cost (KS) 296 0 296.0
Cyclical Cost (KS) 23.7 23.7 

Total--—- (K$ ) 590.3
Cooling Tower 1917 .2

Nominal Size (158Th) 12.000
Number Installed 3
First Cost (KS) 479.6 479.6
Annual Cos t (KS) 177.6 177.6
Cycl i cal Cos t (KS) 1260.0 1260.0 

Total--_ -LKSt. . 19 17 .2
Equipment Total

1-Year Peak Cost
U I I L I I Y , E N C R C. V Cost Usage Usage Escalation

j~ J 1~!~1 Factor

Gas Tur 10 2201 . 7 783.385 148.724 42 .400

Bo iler 2097 .0 24 .229 51 .455 57.700
Uti lity,  Energy ~o~~T 104298.7

- Life Cyc le Cost ~or 25 Years • 125 .9921 (Mi)
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Table CI6
Central Plant Life-Cycle Cost Summa ry —Configuration 1-I

(SI conversion factor: I Btu 1 .055 kJ.)

L Q U I P M E N T  T 3 T A L S

Steam Boiler 2763.6
Nominal Size (558Th) 25.000 37.800
Number Installed 1 1
F irst Cost (KS) 1457.1 628.3 828.8
Annual Cost (KS) 1264.8 606.2 658 .5
Cyclical Cost (K S ) 41.8 0.0 41.8 

Total ----(kS ) 1234 .5 1529.1
Equi pment Total

I-Year Peak Cost
U T I L I I V . E N E 9 6 V Cost Usage Usage Esca lation
_______________________________ ~~jj  .(.~flL). (54810) Factor

Elect 17625.9 52.398 26 256 61.900

Boiler 7572. 7 87.496 4L 452 51.700
Utility , Energy Total 25T9W.7

— Life Cycle Cost For 25 Years • 27.9623 (54$ )
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Table C17
Central Plant Life-Cycle Cost Summary—Configuration L-2

(SI conversion factor: I thu = 1 .055 kJ. )

E Q U I P M E N T  T O T A L S

Diesel Engine 9918.7
Nominal Size (MOTh) 14.000
Number Installed 3
First Cos2 (KS) 7730.6 7730.6
Annual Cos t (KS) 194L9 1947 .9

- Cyclical Cost (K S ) 240.1 240.1 
Total----( K5) 9918.7

Steam Boi ler  . 2052 .1
Nominal Size (548Th) 16.000
Number In~ta l l e d 2
First Cost (KS) 931 .8 931 .8
Annual Cost (KS) 1109.0 1109.0
Cycl ica l  Cost (KS) 11 .3 11.3 

Total-—-- (KS ) 2052.1
Cooling Tower 1041 .9

Nominal S ize( M8TU) 24.000
Number Installed 1
First Cost (KS)  254.4 254.4
Annual Cost (KS) 68.0 68.0
Cyclical Cost (KS) 719.5 719. 5 

Total----(KS) _______ 
1041 .9

Equipment Total 13012.6
1—Yea r Peak Cost

UI  I L I T Y , E N E R G Y  Cost Usa ge Usage Escalation
_______________________________ ~~fl~j  Factor

Diesel 24007.7 184 .021 83.827 42.400

Boiler 3101.2 35.831 16.945 57.700
Utility, Energy Total 27108.9
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Table CI8
Central Plant Life-Cycle Cost Summary —Configuration L-3

(SI conversion factor: I Btu = 1 .055 kJ .)

E Q U I P M E N T  T O T A L S  . -

Diesel Engine 9918.7
Nominal Size (5581U) 14.000
Number Installed 3
First Cost (KS) 7730.6 7730.6
Annual Cost ( KS) 1947.9 1947.9
Cyclical Cos t (KS) 240.1 240.1 

To t a l - - — — ( K $ ) 9918 .7
Steam Boiler 2052.1

Nomi nal Size (MOT h ) l6 000
Number Installed 2
First Cost (KS) 931.8 931.8
Annual Cost (K S) 1109.0 1109 0
Cyclical Cost (KS ) 11.3 1L3 

Total---- (K$) 2052.1
Cooling Tower 1041.9

Nominal Size (M8TU) 24.000
Number Installed 1
First Cost (KS) 254 4 254 .4
Annual Cos t (KS) 68.0 68.0
Cycl ical Cost (KS) 719.5 719.5 

Tot a l - — — ( K $ ) 1041.9
Hot Water Tank 12 .7

Nominal Size (P58T U) L000
Number Installed 1
First Cost (K$ ) 5 3  5_3
Annual Cost (KS) 7.5 7.5
Cyclical Cost (KS) 0.0 0.0 

Total----(KS) 
_______ 

12.7
Equipment Total T3025.4

1-Year Peak Cost
U T I L I T Y , E N E R G Y  Cost Usage Usage Escalation

~~J3~1 Fac tor

Diesel 24007.7 184.021 83 .827 42 .400

Boile r 3101.2 35.831 16.945 57.700
Utility, Energy Total 21TD8~T

- Lif e Cycle Cost For 25 V•ers • 40.1343 (Mi )
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Table Cl9
Central Plant Life-Cycle Cost Summary—Confi guration L-4

(Natural Gas)
(SI conversion factor: I Btu = 1 .055 ki.)

E Q U I P M E N T  T O T A L S

Gas Turbine 10364.6
- Nominal Size (MOTU) 14 .000

Number In s t a l l e d  3
Fi rst Cost (KS) 618& 5 6184.5
Annual Cost (KS) 1506.3 1506 .3
Cyclical Cos t (KS) 2673.9 2673.9 

Total-- --(KS) 10364.6
Steam Boiler 2040.7

Nominal Size (MBTU) 16.000
Number li stal led 2
First Cost (K S ) 93L8 931.8
Annual Cost (KS) 1109 .0 1109.0
Cyclical Cos t (KS) 0.0 0.0 

Tot al——--(K S ) 
________ 

2040.7
Equi pment Total 12405.4

1-Year Peak Cost
U T !  L I T  Y , E N E R G Y  Cost Usage Usage Escalation
_____________________________ ~~~~~ Factor

Gas Tur 19678 .8 227 .370 100 .726 57 .700

Utili ty, Energy Total 19678.8

- Life Cycle Cost For 25 Years • 32.0842 (54$ )
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Table C20
Centra l Plant Life-Cycle Cost Summary—Configuration L-4

(Fuel Oil)
(SI conver sion factor: I Btu = 1.055 ki.)

E g O  t P N E N T  T O T A L S

Gas Turbine 10364.6
Nominal Size (MBTU) 14.000
Number Installed 3
First Cost (KS) 6184.5 6184.5
Annual Cost (K S ) 1506.3 1506.3
Cyclical Cost (KS) 2673.9 2673.9 

Total---- (K$) 10364 6
Steam BoI ler 2040.7

Nominal Size (55810 ) 16 . 000
Number Installed 2
First Cost KS) 931.8 931 .8
Annual Cost KS) 1109.0 1109.0
Cyclical Cost (KS) 0.0 0.0 

Total———- (K$) _______ 
2040 7

Equipment Total 12405.4
1-Year Peak Cost

U T  I L I T Y , E N E R G Y  Cost Usage Usage Escalation
_______________________________ j~~J~j  Factor

Gas Tur 29663.0 227.370 100.726 42 .400

Utility , Energy Total 29663.0

- Life Cyc le Cost For 25 Years * 42.0683 (54$ )
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Table C21
Central Plant Life -Cycle Cost Summary —Confi guration P-I

(SI conversion factor: I Btu = 1 .055 ki.)

E Q U I P M E N T  T O T A L S

Steam Boiler 9392.5
Nominal Size (MOTU) 1000.000
Number Installed 1
Fi rst Cos t (KS) 7439.2 7439.2
Annual Cost ( KS) 1267 .8 1267.8

- Cycl ical  Cos t (KS) 685.5 685.5 
Total—---(K5) 9392.5

1—Stage Absorbtion Chiller 2683.8
Nominal Size (MOTh) l00 000
Number Installed 1
First Cost (KS) 1119.9 1119.9
Annual Cost (K S ) 452.3 452.3
Cyclical Cost (K S ) 1111.6 1111.6 

Total---— (K5) 
_______ 

2683.8
Equipment Total 12076.3

1-Year Peak Cost
U T  I I. I I Y , E N  C R G V Cost Usage Usage Escalation

j f l~j Factor 
-

Elect 182328 .5 832.289 163.076 61 .900

B o i l e r  202390 .2 2338 .419 516 .901 57 .700
Util ity , Energy Total 384718.6

- Life Cycle Cost For 25 V eers • 396.7949 (Mi )
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Table C22
Central Plant Life-Cycle Cost Summa ry—Confi guration P-2

(SI conver sion factor: I Btu = 1 .055 ki.)

E Q U I P M E N T  T O T A L S

Diesel Engine 30669.2
Nominal Size (MBTU) 86 .000
Number Ins talled 3
First Cost (KS ) 25863.3 25863.3
Annual Cost (KS)  3974 .9 3974 .9
Cyclical Cost (KS) 811.0 811.0 

Total--—-( K$ ) 30869.2
Steam Boile,- 7947.4

Nominal Size (MBTLj ) 120.000
Number Installed 3
First C ost ( KS) 5391 .4 5391.4
Annual Cost (KS) 2489.0 2489.0
Cycl ical Cost (KS) 67.1 67.1 

Total——--(K $) 7947.4
1-Stage Abs orbtion Chiller 2360.2

Nominal Size (MBTU) 12.000
Number Installed 3
First Cost (KS) 811.6 811 .6
Ann ual Cost (KS) 888.0 888.0

- Cyclical Cost (KS) 660.6 660.6 
Total-— .--(KS) 2360.2

Open Centri fugal Ch i l l e r  1154.6
Nomina l Size (MBTU) 12 .000 8.000
Number Installed 1
Fi r s t  Cost (KS) 433. 4 245.9 187.4
Annual Cos t (KS) 711.2 370.0 341.2
Cycl ica l  Cost (KS) 10.0 3.6 6.5 

Total----(K $) 619.5 535.1
Cooling Tower 3814.6

Nominal Size (54810) l00 000
Number Installed 3
First Cost (KS) 1985.3 1985.1
Annual Cost (KS) 271.4 271.4
Cyclical Cos t (K S) 1557 .9 1557.9 

Total--- (K5) 
_______ 

3814 6
Equipment Total 45946.0

‘-Year Peak Cost
U 1 I L I I Y , E N C P 6 V Cost Usage Usage Escalation

j
~ J. (6810) 

~~~~~ 
Factor

Diesel 345474.0 2648.091 539.794 42.400

Boiler 32687.4 377.671 279.864 57.700
Utility , Energy Total 378161 .4

- Life Cycle Cos t For 25 Years • 424.1075 (14$)
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Table C23
Centr*l Plant Life -Cycle Cost Summary—Configuration P-3

(SI conversi on factor: 1 Btu = 1.055 kJ.)

E Q U I P M E N T  T 0 T ~~ L S

Number Installed
First Cost (KS) 5391.4 5391.4
Annual Cos t (KS) 2489.0 2489.0
Cycl ical Cost (KS) 67.8 67.8 

Total—---( KS ) 7948.1
I—S tage Absorbtion Chill er 2146.2

Nominal Size (MBTU) 12.000
Number Ins talled 3
First Cost (KS) 811.6 811.6
Annual Cost (KS) 888.0 888.0
Cyclical Cost (KS) 446.6 446.6 

Total----(K$) 2146.2
Open Centrifugal Chiller 1153.2

Nominal Size (MOTU) 12.000 8.000
Number Installed 1
First Cost (KS ) 433.4 245.9 187.4
Annual Cost (K S ) 711.2 370.0 341.2
Cyclical Cost (KS) 8.6 2.9 5.8 

Total----(K$) 618.8 534.4
Cool ing  Tower 3142.9

Nom inal Size (MBTU) lOO 000
Number Installed 2
First Cost (KS) 1323.5 1323.5
Annual Cost ( KS ) 180.9 180.9
Cyclical Cost (K 5) 1638.4 1638.4 

Total—--- (K$) 3142.9
Slot Water Tank 67.3

Nominal Size (MBTiJ ) 31 .000
Number Instal led 1
First Cost )KS) 52.5 525
Annual C~~t (KS ) 14.8 14.8
Cycl ical Cost (KS) 0.0 0.0 

Total --—- (KS) 67.3
“ .ld Water Tank 97.3

Nominal Size (M8TLJ ) 16.000
Number Insta l led 1
First Cost ( KS ) 84.2 84.2
Annual Cost (KS )  13.0 13.0
Cyclical Cost ( KS) 0.0 0.0 

Tota l-—-— (K $L _______ 97 .3
Equi pment Total 45215.3

1—Year Peak Cost
Ii I I L I I Y , C N C P 6 ‘1 Cost Usage Usage Escalation

~~~~ ~ fl ~j  Factor

Diesel 342571 .6 2625.844 526.055 42.400

Boiler 32204 .1 372 .066 279.664 57.700
Utility, Energy To tal — 374775 .7

- Life Cycle Cost For 25 Years ‘ 419.9910 (Mi )
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Table C24
Central Plant Life -Cyc le Cost Summary—Configuration P4

(Natural Gas)
(SI conversion factor: 1 Btu = 1 .055 kJ .)

• .  4

E Q U I P M E N T  T O T A L S

Gas Turbine 36511.4
Nominal Size (54810) 85.000
Number Installed 3
First Cost (KS ) 20706.6 20706.6
Annual Cost (KS) 3086.9 3086.9

- Cyclical Cost (KS) 12717.9 12717 .9 
Total ----(K S) 36511.4

Steam Boiler 7898.5
Nominal Size (54810) 120.000
Number Installed 3
First Cost (KS) 5391.4 5391.4
Annual Cos t (KS) 2489.0 2489.0
Cyclical Cos: (KS) 18.2 18.2 

Total---- (K5 ) 7898.5
I—Stage Ab sor b tion Chil ler 2425.9

Nominal Si ze (15810) 12 . 000
Number Installed 3
First Cost (KS) 811.6 81L6
An nual Cost (KS~ 888.0 888.0
Cycl ical Cost (KS) 726.3 726.3 

Tota l -- - -(K S ) 2425.9
Open Centrifugal Chi l ler  1146 .1

Nominal Si ze (MO TU) 12.000 8.000
Number Installed 1
First Cost ( KS)  433. 4 245.9 187. 4
Annual Cost (KS)  711.2 370.0 34L2
Cyc l i ca l  Cost (KS) 1.6 0.0 1.6 

Total --- (KS) 615.9 530.2
Cooling Tower 2138.4

Nominal Size (I58TU) 100 000
Number Installed 1
First Cost (KS) 661.8 661.8
Annual Cost (KS) 90.5 ~osCyclical Cost (KS) 1386.2 1386.2 

Total---- (Kfl , _______ 
2138.4

Equipment Total 50120.4
1-Year Peak Cost

U T  I L I T V , E N  C P G  V Cost Usage Usage Escalation
________________________________ j~ fl() Factor

Gas Tur 303214.8 3503.348 585.510 57.700

Boiler l6288 6 188.199 273.220 57.700
Utilit y, Energy Total 319503 .4

- Life Cycle Cost For 25 Ye i rs 369.6238 (Mi )
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Table C25

Central Plant Life-Cycle Cost Summary—Configuration P4
(Fuel Oil)

(SI conversion factor : I I3tu = 1.055 ki.)

E Q U I P M E N T  T O T A L S

Gas Tu rbine 36511.4
Nominal Size (54910) 85.000
Number Installed 3
Firs t Cost (KS) 20706.6 20706.6
Annual Cos t (KS) 3086.9 3086.9
Cyclical Cos t (KS) 12717 .9 12717 .9 

Total---- (KS ) 36511.4
Steam Ooiler 7898.5

Nomi nal Size (54910) 120.000
Number I n s t a l l ed 3
First Cost (KS) 5391.4 5391 .4
Annual Cost (KS ) 2489.0 2489.0
Cycl ical Cost (KS) 18.2 18.2 

Total- ---(KS) 7898.5
1—Stage Absorbt ion Chiller 242 5.9

Nominal Size (MBTIJ) 12 000
Number Installed 3
Fi rst Cost (K S ) 811.6 811.6
Annual Cost (KS) 888.0 888.0
Cyclical Cost (KS) 726.3 726.3 

Total---- (K$) 2425.9
Open Centrifugal Chiller 1146.1

Nom i n a l Si ze (548 10 ) 12.000 8.000
Number Installed 1
First Cost ( KS) 433 4 245.9 187.4
Annual Cost (KS) 711.2 370.0 341.2
Cyclical Cost (KS) 1 .6 0.0 1.6 

Total---(K5 ) 615 .9 S3O .2
Cooling Tower 2138.4

Nominal Size (54810) 100.000
Nuirter Installed
First Cost (KS) 661.8 661.8
Annual Cost (K S) 90.5 90 .5
Cyclical Cost (KS) 1386.2 1386.2 

Total--- - (K~~ _______ 2138.4
Equi pment Total 50120.4

1-Year Peak Cost
U T I 1 I I Y , C N E R 6 V Cost Usage Usage Escalation

— k!s1). j~~fl~j ,~~fljj Factor

Gas Tur 457052.2 3503.348 585.510 42.400

Boiler 16288.6 188.199 273.220 57 700
Utility , Energy Total 4T3140.9

- Life Cyc le Cost For 25 Years • 523.4613 (Mi )
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Table C26
Central Plant Life-Cycle Cost Summary—Confi gurat ion P-S

(SI conversion factor: I Btu = 1 .055 Id.)

E Q U I P M E N T  T O T A L S

Diesel Engine 30914 .1
Nominal Size (MBTU) 85.000
Number Installed 3
First Cost ( KS) 25883.3 25883.3
Annual Cost (KS) 4131.9 41 31.9
Cyclical Cost (K S) 898.9 898.9 

Tota l---- (K$) 30914.1
Steam Boiler 8000 . 1

Nominal Size (54810) 120.000
Number Installed 3
First Cost (KS) 5391.4 5391 .4
Annual Cos t (KS) 2489.0 2489.0
Cyclical Cos t (KS) 119 .7 119. 7 

Total-— --(K $) 8000.1
1—Stage Absorbtion Chiller 3001.3

Nominal Size (15810) 12 .000 8.000
Number Installed 1 3
First Cost (KS) 889.1 270.5 618.5
Annual Cost (KS) 1114 .8 296.0 818.8
Cycl ical Cost (KS) 917.4 23.7 973.7 

Tota l- ---(K$) 590.3 2411 .0
Open Centrifu gal Chiller 425.3

Nominal Size (M O TU ) 4.000
Number Instal led
First Cost (K$) 117.8 117.8
Annual Cost (K$) 297.0 297.0
Cyclica l Cost (K$) 1 05 10.5 

Total- ---(K $) 425.3
Cooling Tower 4593. 2

Nominal Si ze (MOTIJ) lOO 000 28 000 40.000
Number Installed 2 2
Firs t Cost (KS) 2245.7 l323 5 564.1 358.2
Annual Cost ( KS ) 396.5 180.9 140.3 75.3
Cyclical Cost (K S ) 1950.9 1950.9 0.0 0.0 

Total- --- (K$) _______ 3455.4 704.3 433.5
Equ ipment Total 46933.9

1-Year Peak Cost
liT I L I T V , E N  E R G  V Cost Usage Usage Escalation
________________________________ j~~j  ~~~~ ,~~fl(j Factor

Diesel 346584.0 2656.599 501 .435 42.400

Bo iler 48920.0 565.222 320.267 57.700
Utill ty, Energy Total 39550&0

- Life Cyc le Cost For 25 Years - 442.4378 (Mi )
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