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Combined Cycle/TES Plant
Can Save $1,244,474 per Year

Proposed Cogen System for a
1,lOO,OOO-ft2 Medical Complex
Has a Payback Period of 2.6 Years

Milton Mechler, P.E., President
Design Build System s

ABSTRACT

This art icle presen ts a comp arativ e analys is between an innova ­
tive "proposed," combined heating/coolin g cogene rat ion power plant
and a "base" plant for an approximately 1.1 milli on ft2 hospital/office
complex to be located in Toledo, Ohi o. The comp lex consists of three
buildings: a six -story hospital and tw o identi ca l 12-story office towers :
Whi le each of the bui ldings in the base plant has it s own central plant,
the proposed Modular Hybrid Combine d Cycle Coge ne ra t ionlT ES
plant is design ed to se rve the ent ire complex .

Th e compa rati ve analysis between the tw o plants has shown
substantial cost savings for the proposed plant because of reducti on in
uti lity and mainten ance costs and, the re fore, the tota l annual opera t ­
ing costs of the overall plant. This reduction in operating costs is
mainly du e to the fact that approximately 95% of the tota l required
an nual electr ical power is prod uced on-site by cogen eration, and there­
fore only 5% of it s annual est imate d power needs are needed to be
purchased from a utility .

Reduction in the number of plant operato rs for the proposed pla nt
has also mad e siza ble contribut ion to the annual operat ing cost sav ­
ings . Although the inst all ed fir st cost of the proposed plant was high er
in compa rison, the total operat ing cost savings of $1,244,474 per year
has resulted in a cost-effective simple payback period of 2.6 years for
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the pr oposed plant.
Addi ti onally, the design of the pr oposed plan t has resul ted in a

substantia lly compact central plan t (an approximate ly 29Cff decrease in
ph ysical size) in compa rison to the base plant having three se pa rate
centr al plants. Th e fully dedicated proposed plan t contributes to re­
du ced dem and charges associated wit h the t ime-of-use electr ical rates ,
better ope ration and mainten an ce, efficient ene rgy man agement ,
higher overall sys te m efficiency, and reduc ed levels of emissions and
noise.

With th e ant icipa ted nationwide deregul ation of the elect ric util­
ity industry (already underway in 40 state s), the pr oposed plant can
offer via ble solutions to electric, steam, heating and cooling gene ratio n
needs for large multi-building complexes.

INTRODUCTION

In th e last 10 years , gas cooling technologies have improve d
greatly and ga ined popul arity. Although research and developme nt
curren tly conti nue in improving gas-cooling systems, trans fer of tech­
nology has been slow. In impl emen ting the wide use of these systems,
man ufacturers , researchers , and heating, venti lating and ai r condi­
tioning (HVAC) design professionals mu st properly ana lyze, se lect and
specify sys tems and associated equipment applica ble to a site-specific
sit uation. Some of the governi ng factors affecting the implementation
of gas cooling sys te ms are opera ting character istics, space requ ire­
men ts , sys te m integration, installed first and operating costs (incl ud­
ing continuous maintenance), and life-cycle cost.

The cooling/heating central plants can a lso be combined wit h
thermal ene rgy storage (TES) sys te ms. The major operating cost of a
cooling/heating central plant and the buildings it se rves is the electr i­
cal power that must be purchased from a util ity. The operating costs of
a building are reduced consid er ably when lower cost, off-peak elect ric­
ity is used to pr odu ce and store ene rgy for future cooling in TES
syste ms . Th ese systems also help electric ut ilit ies save ene rgy and
reduce harmful emiss ions . TE S shifts energy cons umpt ion from peak
afte rnoo n electricity rates to low nighttim e peri ods whe n ut ilities gen­
erally operate only their most efficient plants , wh ich resul ts in sa ving
signi ficant am oun ts of source ene rgy and rate reduction to building
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owners. In this way, the building also avoids high peak-demand
charges associated with the energy used during summer daytime peri­
ods. Time-of-day rates during the evening hours can be much less than
those of daytime rates . In Chicago, for example, large office buildings
may have an effect ive summert ime energy cost of 15.4 cents per kWh
in comparison to 2.8 cents per kWh at night.!

Even with reduced rates, the continuous demand for and cost of
electricity to sat isfy all building needs including the operation of the
central plant are still extrem ely hi gh. Based on a population increase
from 5.3 billion to 8.1 billi on, world demand for electrical power is
expected to double by the year 2020. According to current data, North
America with about 949 MW of install ed capacity serves 377 million
people at an annual rate of 2.52 kW per capita. On the other hand, 1.2
billion people in Ch ina have 181 MW installed capacity at a rate of 0.15
kW per capita, while south Asia and sub-Saharan Africa are the lowest
consumers at 0.09 kW per person.e

Long-term supplies of natural gas and deregulation concerns
seem to be the major driving forces behind the recent changes in our
electrical power industry. California's electrical industry deregulation
bill CAB 1890) was rec ently approved. The passage of the bill makes
California one of the 40 st ate s now in the process of deregulating their
elect r ic power industries. This measure would provide a free market
that over time would allow consumers and businesses to make their
own deals with the lowest-cost providers of power. Beginning in 1998,
the st at e's power market would be phased in over five years.v

To reduce the dependence on purchased electrical power and,
therefore ext re me ly high annual operating costs, electrical power may
be produced efficient ly on-site by means of cogeneration . Cogeneration
has for a lon g time been conside red to be the most effective and least
costly way of generati ng electrica l power from waste heat. Although
cogeneration has been in practice since the early 1900s, it was aban­
don ed du e to continuing decline in the price of electricity through the
1930s and 194 0s. Most manufacturing plants believed that it would be
mor e beneficial to them to purchase a fairly constant and reliable
supply of elect ricity from a utility than to produce it on-site.

The ene rgy crisis of the early 1970s forced the industry in a
desp erate effort to reduce the ever-incre asing energy costs and made it
turn to various types of cogeneration for viable solutions. In the early
1980s,4 how ever, the lack of basic knowledge of cogeneration systems
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on the part of most maintenance engineers and in experienced ope rat ­
ing personnel of central power plants limited the wid e implementation
of cogen eration systerns .P As a result, cogen eration wa s not receiv ed
well . Additionally, the attitude of the electric utilities toward this
revitalized process wa s less than positive because they felt that the
industry was moving towa rd ab andoning the gene rati ng cap ac ity of
the utilities to su pply industry's eve r-inc reas ing elec t rica l power
needs , On the other hand , some utilities , faced with a drastic sho rtage
of electricity, began to promote cogen eration as part of an overa ll
dem and-side managem en t/integrated resource planning campa ign .f

The trend toward the us e of cogen eration in recent years, 6,7
however, has changed considerably and there is a ren ewed interest. At
the recent World Congress of Ch emical Engineering conference, the
U.S , Department of Energy (DOE ) Morgantown Energy Technology
Center rep orted increased use of direct-fired gas turbines design ed for
power ge ne rat ion (aside from the a ircraft engi ne technology l.f Gas­
turbines are fast coming on lin e as production units as well as for peak
handling, offering lower emission levels, utilization rates exceeding
90t;( uptimes, and improved efficiencies , Gas-turbine packages and
deregulation of power produ cti on a lre ady underway in 40 states are
pointing toward wid ely distributed ge ne rat ion grids with cur re nt utili­
ti es eve nt ually providing tran smission, mainten ance and billing se r­
vices ,S

This a r t icle presen t s a comparat ive ana lysis between an in nova­
tive, combined heating/coolin g cogen eration power plant C'proposed" )
and a "base" plant for an approx ima tely 1.1 mill ion ft2 hospita l/office
complex to be located in Toledo, Ohio. Th e hospital/office complex
con sists of three buildings : a six-sto ry hospital and two ide n t ica l 12­
story office towers . In the base plant wh ile the hospital building is
se rved by a plant contain ing a TES syste m with elect r ica l centrifugal
chillers sy stem, each of the office towers is se rved by a se parate plant
that has it s own elect r ica l chillers sys tem. The elect r ic and natural gas
se rvices in the Toledo , Ohi o site wa s to be provided by the Toled o
Edison Company and Columbia Ga s of Ohio , resp ectively , Their cur­
rent se rv ice rates a re specified in Section 5: Comparative Econ omic
An al ysis of Base and Proposed Pl ants, of th is arti cle .

Our firm , DESIGN BUILD SYSTEMS, was asked by on e of our
clients (a developer of mult ibuildings in t he Midwest) to eva luate the
above-me n t ione d complex contain in g three se parate plants (base
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plant) . This evaluation was based on the initial schematics, prelimi­
nary plans, and other programmatic information developed by our
client's architectural and engineering team. Due to the size of the
project and adjacencies of buildings within the hospital/office complex
for the Toledo, Ohio, site, DESIGN BUILD SYSTEMS decided to
conduct a comparative analysis between constructing separate conven­
tionally designed central plants within each of the buildings and con­
structing a combined heating/cooling central cogeneration plant based
on its prior work with modular hybrid combined-cycle cogeneration!
TES central plant design that was developed for cogeneration plants in
the range of 3 MW to 20 MW. The proposed plant would then serve all
three buildings within the hospital/office complex at an available loca­
tion reasonably close, however, visually concealed by attractive land­
scaping from the complex by taking full advantage of the contours of
the selected site.

The comparison between the two would be contrasted with three
conventionally designed stand-alone central heating/cooling plant con­
cepts, was made on the basis of their combined physical size; efficient
production of on-site power, and useful thermal energy to satisfy all
electrical and cooling/heating demands. The resulting reduction in
purchased electrical power from utilities and associated demand
charges; efficient energy management of the overall heating/cooling
power plant; installed first cost; operation & maintenance (O&M)
costs; simple payback period; and the environmental issues such as low
exhaust emission-' and noise levels were then factored in .

A HOSPITAL/OFFICE COMPLEX

As mentioned above the hospital/office complex consists of three
buildings: a hospital and two identical office towers. The complex was
to be located in Toledo, Ohio. The following is a description of each
building in the complex.

Description of Hospital Building

The hospital building is a six-story, rectangular building with a
gross floor area Of 450,000 ft2 (75,000 ft21f100r) of which 18,000 ft 2

(3000 ft21f100r) or approximately 4% is unconditioned floor area, and
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the rem aining 432 ,000 ft2 (72,000 ft2/floor) or approxim ately 96£f{ is
cond itioned floor area. All floors are 13 ft floor-to-fl oor and 9 ft floor-to­
ceiling . Th e long sides of the building face north and south ,

Th e typical floor plan s for Floor 1 and Floors 2 through 6 in
Figure 1 show how th e patient and food serv ice areas a re subd ivided,
and common function areas on different floors are grouped toge the r to
form nine thermal zones for modeling purposes , Th e build ing is divided
into five types of func tions representative of hospi tals of this size , Th e
assign ment of the floor space on a given floor to one or more of the five
fun ctions is arbitrary, but the relative size of th e total floor spa ce
assigned to ea ch function is based on the results of a survey of several
hospitals, Simil arly, the internal loads and the pr ofiles for the opera­
tion of the load s are se lected to produce overall annua l load factors that
a re consistent with those of hospitals in the Midwest, Design cr ite r ia
for the building, HVAC systems, and mechanical plant equipme nt are
selected to sat isfy the criteria of ASHRAE Standard 90,1-1989: En ergy
Efficient Design of New Bu ildings Except New Low-R ise Residential
Bu ildings,

Th e five types of functions used a re as follows:

PAT: Pat ient areas , nursin g stations, and hallways (Floor s 2
through 6);

ADM: Adm inistrative, bus iness office, cashi er , classrooms , record s ,
pharmacy, etc , (Floors 1 through 6);

SVR: Surgery, recovery, treatm ent, therapy, out-patient , lab orato­
ries , etc, (Floors 1 through 6);

Faa: Food serv ice a reas (cafeter ia, kitchens, food supp lies, lounges,
ven ding, etc .) (Floor 1 only); and

LAV: Laundry, housek eeping, supplies, storage, mainten an ce, engi­
neering, etc . (Floors 1 through 6).

Th e vision glass area is 31% of the gross exte rior wall area (45%
of the floor-to-ceiling wall area), Th e glass characteri stics includes a
shading coefficient of 0,55 , an overall V-valu e of 0,59 Btulhr-ft2-CF ,
and vis ible light transmittanc e of 0.67 , Th e opaque wall is of concret e
pan el and brick or stone with an overall U-value of 0,085 Btulhr-ft2-OF,
Th e roof is medium cons t ruction with an overall U'-value of 0.053 Btu!
hr- ft 2-oF.
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The ligh t ing is provided by recessed flu orescen ts with va ry ing
design lighting (1.4 W/ft 2 to 2.5 W/ ft 2) for differen t ty pes of functions.
The design receptacle load is a lso va ria ble by type offunction (0.5 W/ft2

to 1.0 W/ft 2). Design occupa ncy is va rie d from 100 ft2/perso n to 400 ft 21
person.

The hospital has its own laundry. Th e laundry whe n combine d
wit h the food se rv ice are a contr ibutes to a rather large service water
heating load and direct process gas load . Hourly profiles of lighting,
receptacle, occupa ncy , thermostat, fan operat ion, and service water
heating are va ried exte ns ive ly between va rious typ es of fun cti ons .
Except for t he administrative a rea, a ll a reas a re assumed to have a
continuous (8760 hours ) fan operat ion .

The building is heated and cooled by variabl e-air-volume lVAV)
distribution sys te ms with reheat boxes acti vated at the minimum
primary air damper setting (0.25 cfm/ft2 to 0.40 cfm/ft2 for different
fun ction area s ). Nine se para te VAV distribution syste ms (zones) dis­
tingui sh ed by exposure and space fun ction are identified as follows for
ene rgy analysis purposes:

Zone 1: North pati ent perimeter (Floors 2 through 6)
Zone 2: Eas t patien t perimeter (Floors 2 through 6)
Zone 3: West patien t perimeter (Floors 2 t h rou gh 6)
Zone 4: Patien t inte rior (Floors 2 throug h 6)
Zone 5: Adm ini strati on (Floors 1 through 6)
Zone 6: Surgery (Floors 1 th roug h 6)
Zone 7: Food se rvice perimeter (Floor 1)

Zone 8: Food serv ice in teri or (Floor 1)
Zone 9: Laundry (Floors 1 through 6)

A slightly ti ghter room temperature control ban d is assumed for
the hospital than norm ally listed in office buildings . Th e heating t he r­
mostat is set at 72°F and t he coolin g thermostat a t 74°F with dead­
band contro l (float ) betw een these temperatures. Th e ven t ilating air
requirem ent is modeled as a cons tant percentage (20r,r to 80r,r ) of the
supply air flow at any given hour for va rio us functio n a reas . In act ual
practi ce, many of the areas would use 100 percent outs ide a ir , and
othe r areas would be designed for cons tant min imum outs ide ai r
rather than cons tant percentage of supply a ir . However, an eva lua t ion
of actual hospital opera ti ng pract ices indi cates tha t the outs ide a irflow
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assumptions will produc e a rea sonable representation of the actual
outs ide air load . All VAV sys tems have both economiz er and fan in let
van e damper control.

De scripti on of Office Towers

Th e hospi t al/office complex also contains tw o ident ica l office tow­
ers. Each office tower is a 12-story, rect angul ar building wit h a gro ss
floor a rea of 323 ,208 ft2 (26,934 ft 2/f100r ) of whi ch 308 ,808 ft2 (25,734
ft2/f100r ) or approximately 95% is conditioned floor area , and 14400 ft2
(1200 ft2/f100r ) or approximately 5% is unconditioned floor area. All
floors are 13 ft floor-to-floor and 10 ft floor-to-ceiling. Th e long sides of
the tower face north and south. Figure 2 shows a typic al floor plan for
one of the two office tow ers.

Th e office tow er wa lls a re const ructed from glass spandre l with
an overall U-va lue of 0.082 Btu/hr-ft2-oF. The facade of a typical floor
is 31% vision glass on all exposures wit h a shading coefficient of 0.55 ,
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without interi or or exte rio r shading, and a glass vis ible light tran smit­
tance of 0.67. The overa ll U-va lue for windows is 0.57 Btulhr-ft2-cF.
The roof cons truction has an overall U-va lue of 0.053 Btulhr-ft2-cF.

Ligh ting is provided by recessed fluorescent fixt ures with a de­
sign lighting load of 2.00 W/ft2 for all task areas which include 100 '7t- of
the perimeter zones and 67lk of the in terior conditioned area . Non-task
areas (33% of the interi or conditioned area) have a ligh ting load of 1.00
W/ft 2. The unconditioned areas have a ligh t ing load of 0.20 W/ft2

Design receptacle load is 1.0 W/ft2 of th e conditioned floor area .
The office tower is heated and cooled by VAV distribu tion sys ­

tem s . Sep arate VAV sys te ms (one per exposure) se rve eac h of the
perimeter zones and one VAV sys te m se rves th e interi or zone of the
office tower for all floors . Primary air supply temperature is se t a t 55°F
at design conditions, but each zone can ind ependently use dem and
reset up to a maximum of 60°F.

During the heating season, the rmostats a re se t at 70cF , and
during the coolin g season at 75°F . Dead-band thermostat contro l exis ts
wh en the space temper ature is above 70°F and below 75cF. During this
t ime, the VAV supply air boxes are at minimum posi ti on without
reh eat . The minimum VAV damper sett ing is 0.3 cfm/ft 2 for a ll zones .
The minimum ven t ilation air qu antity is 0.15 cfm/ft2 of the conditio ne d
floor area during occupied hours. All VAV systems have both econo­
miz er a nd fan inl et va ne damper control.

CENTRAL PLANT CONFIGU RATIONS

Base Plant
In the base plant while the hosp ital building is se rved by a plant

containing a TES sys te m with elect rical cen t rifugal chi lle rs , each of
the office towers is se rve d by a sepa ra te plant that has an elect r ic
cen trifugal chille rs syste m .

TES Plant with Electrical Centri fugal Chi llers for Hospital Buildin g
As shown in Figure 3, th e TES plant is se rve d by a base-load

elect r ic centrifugal chill er, and a TES sys te m cons isting of an ice
chiller, a TES tank, a heat- exchanger , and associated piping. Pl ease
note that all plant configu rations (including the pr oposed plant ) are
drawn to same scale for the purposes of easy ph ysical size comparison
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with resp ect to each other . Figure 4 shows the mechani ca l room sect ion
for the hospital. Th e 750-ton base load chiller is ra ted a t 0.58 kW/t on
and at part-load . Th e ice chi ller (ice builder) is rated at 0.90 1 kW/ton
and pr oduces a maximum of 520 tons when making ice. Th e ice chille r
opera tes a t full -load most of th e tim e, but for those hours when it is
"topping off ' the TES sys te m, uses t he same part-load profile as the
conventional elect ric ch iller . Th e TE S tank (comprising of nine sepa ­
rate ice banks ) has a total capacity of 6240 ton-hr. Th e TES tank
consists of a multiple-tube se rpent ine coil sub merged in an insulated
tank of water. Both the coil and tank are construct ed from hot-dip
ga lva nized steel for cor rosion protection . Th e TE S sys te m, however,
operates only May through September. During th ese months, the ba se­
load ch iller sa t isfies th e load up to its full capacity of 750 tons between
8 am and 8 pm every day of the week. Any coolin g requirement du rin g
t hose hours in excess of 750 tons is sa t isfied by the TE S syste m .

During the other 12 hours of th e day (recharge period of 8 pm to 8
am), the ba se-load chill er sa t isfies th e natural load of the bu ilding, a nd
the ice chiller recharges the TE S tank . After th e TE S tank is full y
charged, the ice chiller will not come on to top off t he TES tank unt il
the losses from the TE S tank equal at least 5 c;1 of the rated ca pac ity of
the ice chi ller (26 tons ). Since a full tank would ha ve standby losses of
5.2 tons per hour, the ice chiller would cycle about every 5 hou rs wh en
the TES tank is full and not in use.

When sizing a TE S plan t , trad e-offs must be cons idered . One of
the tw o ways to operate t he hospital TES plan t is to serve t he base­
cooling load with one chiller a nd use the TE S sys te m to sat isfy t he
peak load . Another approa ch would be to se rve the base-coolin g load
with t he TES sys te m and use th e chiller to sa t isfy the peak load .
Although first option is chosen here th e second opt ion is perfectly
acceptabl e. A th ird opt ion involves th e insta lla ti on of a complete TES
sys tem to sa t isfy 100 percent of th e peak- cooling load a nd rechargin g
the TES tank during off-pea k hou rs . Since th e hospital bui lding in this
case has a fairly high conti nuous cooling load , a fu ll TE S sys te m was
not beli eved to be wa rranted .

In sizing a TES syste m, th e trade-off of operating costs vs . in­
sta lled equipment costs mu st be exa mined. For exa mple, the larger the
TES tank the grea ter th e opera t ing cost sav ings will be due to the
la rger avoided peak cha rges , but th e higher the insta lled cost wi ll be
due to the la rger TE S tank and larger ice ch iller. A good sta rti ng point
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is to assume a base-load th at is 50 lff, of the design cooling load (or 700
tons , in this cas e). Eva luation of operating and purchase costs of a 700­
ton , a 750-ton, and an SOO-ton base load chiller has yield ed the 750-ton
base load chille r as th e most suitable one. The peak-c oolin g load day
for th e hospital building is shown in Figure 5.

For the hospital , the most constraining as pect is the long on-peak
dem and time (12 hours ). Th at means the TES sys te m will have to
sha ve peak for at least 12 hours out of the day, leaving th e remaining
12 hours to recharge th e TES tank. Thi s ra ther long demand period
results in a large TES sys te m and a large ice chill er.

IS.OClD ...------,.------,.------.,....-----.,...-------,

2520If,5n,.

I f.. ~(I1~ I-- - - - +-- - - - +-- -,r- +---\---+--- --j

i-.cco

-
z
<:

::::: 12.JJL
=.

--
1 :J . ~1 ~ ! ~

-e;

'"""
Z

e.8CC
~

6, ~1I;~

HOUR OF DAY

Fig ure 5. Peak Coo ling Load Day for Hospital Building
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For the se lecte d base-load chi ller of 750 tons, addit ional cooling
must be sup plie d by the TES sys te m wh en the hospital cooling load is
greater than 9,000,000 Btu (750 tons x 12,000 Btu/ton ). The peak day
analys is performed indicates that the TES sys te m mu st be size d to
su pply 5660 ton-h r of cooling . With on ly 12 hours of regen eration time,
the size ofthe ice ch ille r mu st be 472 tons . However , the TE S tank and
the ice chiller shou ld be design ed with some reserve capacity . Although
a rather modest design (i.e., contingency) factor of lO S} was chosen for
the hospital , design ers usu ally have the optio n to choose a more con­
se rva t ive factor ofl59r to 20% in th e event ofa la rge load . Us ing a 109r

design factor lead s to a total capa city of 6226 ton-hr for the TE S tank
and 519 tons for th e ice chiller. For th is analys is , the TE S tank
ca pac ity is rounded to 6240 ton-hr and the ice ch ille r capacity to 52 0
tons at ice building conditi ons .

Typ icall y, a ch ille r is rated a t a cond it ion wh ere it is requi red to
produ ce supply water at 44°F. Unde r ice bu ilding cond it ions , however ,
a ch ille r mu st chill a glycol solut ion at around 22°F . To produce a glycol
solutio n at 22°F, the ch iller's capacity is derated by approx imate ly
259r, which impli es that it can only operate a t 75(,!,-1of its rated ca pac ity
whe n providing a glycol solut ion at 22°F . Therefore, an ice ch ill er with
a rated capacity of approximate ly 700 tons (520 tons/0 .75) is re qui re d
for the hospital building here. Both the lower fluid temperature and
the transpo rt properties of the cool glycol soluti on contribute to in­
cre ased power use of the ch ille r. For example, a ch ille r with a rated
input of 0.60 kW/t on will have an ene rgy input of approximate ly 0.90
kW/ton a t ice building conditions.

This plant is design ed to ope rate as a pri mary/secondary ch ille d­
water-di stribution sys te m with primary ch ille d-wa ter pumps de liver­
in g a constant now of chilled-w ater through the chillers . The seco ndary
ch ille d-wate r pumps are equipped with variable-sp eed drives to vary
the n ow of ch ill ed-water in direct proportion to the cooling load . The
seco ndary chilled-wate r -dist r ibut ion sys te m operates at typica l design
temperatures of 44°F (leaving-wa te r t emperature) and 54°F (re t u rn­
wate r temperature). Th e cond en ser-water-piping syste m for the ch ill­
ers ope rates at typic al design temperatures of 85 °F (leaving- wa te r tem­
perature) a nd 95°F (re t u rn-wa te r t emperature). The hea t-rejection
equ ipme nt cons ists of a 700-ton and a 750-ton cooling tower. Th e cool­
in g towers a re equ ipped with two- speed ax ial typ e fans for energy con­
se rvat ion and accurate temperature cont rol through multipl e stages of
ca pacity .
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Electrical Cen trifugal Chi llers System Plant for Office Tower
Each office tower plant contains two 400-ton elect r ic centrifugal

ch illers conne cte d in parall el with conden ser-water design tempera­
ture di fferen ce of 10°F and with minimum ente r ing cond enser-water
temperature of 65"'F (refer to Figure 6). Figure 7 shows the mechanical
room sectio n for one of the office towers . Th e plant also has two 3400
Mbh , gas- fired hot wa te r boilers for space -he at ing se rvice, and one 230
Mbh gas-fi red hot wat er heater for domestic hot water service. The
plan t is designe d to operate as a primary/second ary chilled-water ­
distribution syste m with primary chilled-water pumps delivering a
constant flow of chilled-w ater through the chillers . Th e temperature
ac ross t he chiller is proportional to the load when below design condi­
ti ons. Th e second ary chilled-w ater pumps are equipped with variable­
sp eed drives to vary the flow of chill ed-water in direct proportion to the
coolin g load .

Th e secondary chilled-water-distribution sys te m operates at typi­
cal design temperatures of 44°F (leaving-wate r temperature) a nd 54°F
(ret u rn -water temperature). Th e cond en ser-waterpiping syste m for
the chillers operates at typic al design temperatures of 85°F (leaving ­
wat er temperature) and 95°F (ret urn -water temperature). The heat­
rejecti on eq ui pme nt consists of two 400-ton cooling towers . Th e cooling
towers a re equipped wit h tw o-speed axia l type fans for ene rgy conser­
vation and acc urate temperature contro l through multiple st ages of
capacity.

Proposed Plant
Modula r Hybrid Com bined -Cycle
Cogenera tion /TES Plant fur Hospital/Office Complex

This innovative hybrid plant lO combines gas-cooling , TES and
cogene rat ion (to produc e on-site elect rical power from wa ste heat) to
se rve the three-building hosp it al/office complex as opposed to the ba se
plant havin g three se pa ra te plants as described earl ie r .

System Description
Th e proposed central plant (shown in Figure 8) se rving the three­

building complex describ ed above cons is ts of a gas-turbine/cent rifuga l
ch iller , a gas-turbine cogenerat ion unit with a heat-recovery steam
generator (HRSG), a cond en sing ste am-t urbine ge ne ra to r unit , a
deaera tor , TES system (cold and hot ), and coolin g towers . A control
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roum built in th e plant cont ain s the turbin e contro l syste m panel , a
boiler a nd a uxilia ry equi pme nt cont rol, and a monitoring syste m . Th e
plant abo has tw o 600 0 Mbh gas-fi red hot water boilers and one 1015­
Mbh hot wat er conve rte r wit h one hot-water storage tank for space
hea t ing service, and one 2660- Mbh hot water heater for domestic hot­
water service . Th e plant will be located above the ground and adjacent
to the hosp ital/office compl ex (re fer to Figure 9 for the gas/s team
turbin e boiler room sect ion ). Th e plant provides the required heating,
steam, chilled-wa te r for cooling, and a peak elect r ica l power of 3787
kW for the ent ire hospital/office compl ex . Pertinent technical data for
each uni t within the plant a re sh own in Table 1.

As shown in Tabl e 2, th e York Ga s-Turbine/Centrifugal Chille r is
a nomin al 2000-to n cent ri fugal ch ille r driven by a gas -tu rbine which
produces 1560 hp at an in let a ir temperature of 59~F . Th e centrifugal
chi ller is design ed to ope ra te with a standard 10°F temperature-differ­
ent ia l across the evaporator and cond en ser. A nominal 2000-ton cool­
ing tower is used to rem ove the waste-heat from the cond en ser. The
gas-t u rbine pr oduc es less power whe n the inl et a ir t emperature ex­
ceeds 59 ' F . l l A coolin g coil with a 44°F ente r ing chilled-wa te r tem­
peratu re is pr ovided in the a ir in let to maintain a 59°F inl et air
temperature . While this takes some cooling tonnage, there is a net gain
in ene rgy cost that va ries depend ing on the inlet a ir humidity. Th e
ava ila ble exhaust-hea t ene rgy is ducted to t he HRSG of the Kaw asaki
Gas-Turb ine Cogene ration Unit to gene rate stea m. Th e steam then
d r ives a cond ensi ng st ea m-t urbi ne with a power output of 2325 kW .

Th e Kaw asaki Gas-Tur bine Cogene ratio n Unit consists of a gas­
turbin e, a gene rato r, a turbine exhaus t syste m, an HRSG, and a
cont rol syste m (refer to Tabl e 3). Th e nominal 1.5-MW cogene ra t ion
un it integrates with the ava ila ble exhaus t-heat ene rgy of the York Gas
Turbine/Centrifugal Chiller . At the International Or ganization for
Standardiza t ion (IS O) conditions ( 59~ F, sea level ), the cogen eration
uni t will provide 16,900 pph unfired (turbine-only) and 29 ,500 pph
(fu lly-fired ) supe rheate d ste am without steam inj ecti on to feed the
condens ing steam-turbine (refer to Figure 10). Th e efficiency of the
gas- t u rbine va ries with th e inl et a ir temper ature. With an inl et a ir
tempera t u re of 104°F , th e capaci ty of th e gas -tu rbine is derated to
1119 kW without stea m injection . A coolin g coil with a 44°F entering
chilled- wa ter temperature is provided in the air inl et to maintain a
59~F inl et a ir temperature. The power out puts of the gas turbine at an
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Table 2.
Specifications for York Gas-Turbine/Centrifugal Chiller

45

COMPONENT

CHILLER
Capacity (ton)
Pow er (EHP)
Full load chiller performance (Btu/ ton-h r )
Unit COP (HHV)

SPECIFICATION

2000
1560
9185
1.31

ENGINE
Turbine mod el
Maximum engine power (h p)
Full load turbin e performance (BtuIBHP-hr)
Fuel flow (SCFH)
Inlet air flow (lb-h r)
Exhaust flow (lb-hr)
Exh aust temperature (OF)

EVAPORATOR
Flow rate (gpm)
Pass es
Entering temperature (OF)
Leaving temperature (OF)
Pressure-drop (f t)

CONDENSER
Flow rate (gpm)
Passes
Entering temperature (OF )
Leaving temperature (OF)
Pressure-drop (ft)

T-1600
1605

11,775
18,098
56,500
57,200

940

4800
2

54
44

20.5

6000
2

85
95

15.6
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inl et air temper ature of 59°F are 1584 kW with stea m inject ion and
1462 kW without steam injection . Th e power output remains the same
as inlet ai r temperature drops below 59°F (refer to Tabl e 4 for the
power output of the Kawasaki Gas -Turbine Cogenera tio n Unit). Th e
turb ine exhaust system includes two flow diverter va lves and two duct
burners and is located upstream of the HRSG.
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22.0:iG

30 7[' l l ~

AMBIENT TEMP:::;X~:':~ E , 'f

LE GE ND

- - - FULLY- F!RED (NO STEA~l INJECTION;

FULLY- FIRED (STEAM INJECTION)

- - - UNFIRED (NO STEA.\! [NJECTION)

UNFillED (STEAM INJECTION)

Figure 10. Steam Output of Kawasaki Gas-Turbine Cogenera­
tion Unit
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Table 3.
Specifications for Kawasaki Gas-Turbine Cogeneration Unit

OPERATIONAL MODE
Turbine ( 1) in cogeneration mode

with or without duct-firing

CONF IGURATION
(PRIMARY COMPONENTS)
Gas T urbine ( J)

Primary fuel type

Gas Tu rbine ISO Performance:

Turb ine inlet tempera-
ture (OF)

Mass now (lb/s )

Pressure ratio

Exha ust gas temperature (OF)

Gen erator (1)

Syn chronous AC generator

Turbin e Exhaust Sys te m
Flow div erter va lve

Duct burner

Heat Reco very
Ste a m Gen erator

Econo mizer

Boiler

(Power-only mode)

Na tu ra l gas or #2 diesel fue l

1814

17.8

94:1

964

3-phase, 60 Hz

1800 rpm

1500 kW at 4 160 VAC

1875 KVA, 0 8 power factor

Bypass now is s ilenced

Natura l gas

14.0 MMBt u/h r (ma xim um)

227 °F ente ring BFW

29,500 pph (250 psig to 420 psig

sat ura ted or superhea ted)

<Continued)
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Table 3. (Concluded)

S pecia l fea tures

Con t ro l System

GT

Il RSG

Rem ova ble s uperheater sect ion
Remova ble boiler se ct ion for

mainten ance

Rem ovabl e economize r sect ion for

maintena nce

Genera l Elect r ic FAN UC

1 PLC microprocessor for turbi ne

1 PLC microprocessor for t he HRSG

a nd a uxilia ries

(Tota l 01"2 microprocessor s )

Op erator Interface GE C II\IPLIC ITY (gra phics softwa re)

COGENERATIO N UNIT
OPERATIONAL DATA
Ambient Conditions

I\lini mum temperature (oF>

Maxi m um temperature (OF)

Maximum a lt it ude ( ft )

o
110

8200 above mean sea level

3:391 BtulkWh (LHV)

Sa tura ted- 29,OOO pph (3:3 ,000

wit hout s team inj ectio n ) (250 ps ig,

406 °F to 420 ps ig, 452°F )

S uperhea ted-26.700 pph (29,500

without s team inj ecti on ) (250 psig,

565°F to 420 psig, 599 °F)

18 kW to 150 kWParas itic loads

Fuel input
~"

Hea t rate (fue l chargeable

to power)

St eam out put

Delicerables with Duct-Firing and

S te a m Injection (ISO Conditions)

Elect r ica l output 1584 kW at 59°F in let a ir

tempera ture

28,2 I\II\1Btulh r (LIl V)

Other Data
Overa ll sound pressure level 85 dBA (3 ft hor izontal a nd 5 ft

vert ica l from un it )

Four-zone fir e protect ion syste m
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The Steam-Turbine Generator Unit (STGU) is a multistage con­
densing type and consists of a steam-turbine and a condensing unit.
The superheated steam produced at 29 ,500 pph in the HRSG of the
Kawasaki Ga s-Turbine Cogeneration Unit is piped to the STGU which
generates a power output of2325 kW (re fer to Table 1), Th e conde ns ing
un it is equipped with two cond en sate pumps and tw o coolin g-water
pumps. A 3000-gpm of cooling water at 85°F is provided via a nominal
2000-ton coolin g tower to carry off the waste-h eat fr om the conde ns ing
unit with a coolin g water temperature-ri se of 20cF. Th e temperature of
the cooling-water affects the efficiency of the cond en sing unit. The
lower the temperature is, the higher the efficiency that can be at­
tained. A lower temperature makes it possible to obta in a lower pres­
sure in the condenser, producing a greater useful en thalpy-drop in the
ste am-t urbine . A deae rator is used to remove oxygen and carbon diox­
ide from make-up water and condensate, and henc e to reduce corrosion
in the HRSG and the syste m.

The TES system of the base plant originally design ed to ope ra te
with a total capacity of 6240 ton-hr is utilized for the proposed plant,
except for the type of TES tanks (re fer to Figure 8 ). Th e TES sys te m of
the propos ed plant consists of a 520-ton low temperature ice ch ille r, a
plate-and-frame heat exchange r, and two TES tanks containing plastic
balls enca ps ula ti ng deionized water.

Supporting equipme nt of the sys te m includes an ice inventory
control system, a 700-ton coolin g tow er, a chilled-water pump, a glycol
pump, and a cond enser pump. The ice chiller is design ed to ope rate
with a 10°F temperature-differential across the eva porato r and con­
denser. The two TES vertical tanks are 26 .5 ft in di am eter and 16 ft in
height with a nominal volume of 64 ,266 gallons each . The total foot
print of both tanks is 1102 ft2 and is 44 Ck les s than the total foot print
of the TES tank used in th e ba se plant. The TES tanks are filled with
"ice balls ." The ice balls manufactured by Cryogel headquartered in
San Diego, Ca lifornia, are approximate ly 4 inches in diam et er pla sti c
sphe res filled with water and a freeze-point enhancing nucleating
agent . During the nighttime, the ice chiller cools a glycol/water solu­
tion to 23°F for the TES tanks. Th e water within the ice ball s fr eezes
and , therefore stor es coolin g en er gy for use during the nighttime.

During the daytime, the glycol solution is warmed by the chilled ­
water returning from the buildings through a plate-and-fr ame heat
exchanger and pa ssed over the ice balls in the TES tanks. The warm
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solution melts the ice, cooling the glycol for use in cooling the build­
ings. The ice chiller continues to operate during the daytime and acts
as a conventional chiller during the cooling period.

The system is designed to operate as a primary/secondary chilled­
water-distribution system with primary chilled-water pumps deliver­
ing a constant flow of chilled-water through the chillers . The secondary
chilled-water pumps are equipped with variable-speed drives to vary
the flow of chilled-water in direct proportion to the cooling load. The
secondary chilled-water-distribution system operates at typical design
temperatures of 44°F (leaving-water temperature) and 54°F (ret urn­
water temperature). The condenser-water-piping system for the chill­
ers operates at typical design temperatures of 85°F (leaving-water
temperature ) and 95°F (return-water temperature).

System Operation
When the load is below 1462 kW, only the Kawasaki Gas-Turbine

Cogeneration Unit is in operation . The steam generated from the
HRSG of the Kawasaki Gas-Turbine Cogeneration Unit is piped to the
hot-water converter to produce hot water. The hot water then goes into
the hot-water storage tank up to 60,000 Mbh for space heating. If the
storage tank is full, the steam is dissipated.

When the load is above 1462 kW (e.g ., 1700 kW, more than the
power output of the Kawasaki Gas-Turbine Cogeneration Unit), the
STGU is brought on-line. The STGU now uses the unfired heat-recov­
ery from the Kawasaki Gas-Turbine Cogeneration Unit to try to drive
it . If the heat is not enough to produce the steam in order to produce
the additional 238 kW which it needs out of the STGU, the duct burner
of the Kawasaki Gas-Turbine Cogeneration Unit fir es and supple­
ments the required heat to produce the 238 kW off the STGU. The duct
burner will not fire unless there is an inadequate amount of steam
from the unfired HRSG associated with the amount of heat. If the
unfired h eat-recovery is more than the need of STGU (i.e ., when the
heat recovery is available from the York Gas-Turbine/Centrifugal
Chiller at this time), then there is some excess of st eam. The excess
steam is piped to the hot-water converter to produce hot water. The hot
water then goes into the hot-water storage tank up to 60 ,000 Mbh. If
the storage tank is full, the steam is dissipated .

A diverter valve is located in the exh aust -gas ductwork between
the gas-turbine and the duct burner in the Kawasaki Ga s-Turbine
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Cogene rat ion Unit. The diverter valve is equipped with an exhaus t
silence r and has its own bypass stack The diverter va lve serves as a
byp ass for the exhaus t gases of th e gas-turbine engine when HRSG
requ ires mainten an ce. Th e exhaus t gases are diverted to the atmo­
sphe re through th e bypass stac k during HRSG maintenance, which
a llows the turbine/generator to remain in serv ice. Th e diverter va lve is
also used to modul ate the exhaust gases into the HRSG to match
steam gene ration wit h power demand.

The STGU is designed to produ ce 2325 kW at 30,000 lb of heated
steam input. In the summe rt ime, the STGU uses the heat-recovery
from both the York Gas-Turbine/Centrifugal Chiller and the Kaw asaki
Gas-Turbine Cogen er ation Unit to produce the full power output of
2325 kW. In the winte rt ime when th e cooling load does not exis t (and,
th er efore the York Gas Turbine/Centrifugal Chiller is not in opera­
ti on ), th e STGU can produce only 50% of its rated output. Th erefor e, in
the winte rti me whe n the load is 3300 kW, part of th at power will have
to be purchased becau se th e STGU cannot produce th e ent ire 3300 kW
without the York Gas Turbine/Centrifugal Chiller operat ing .

FIR ST INSTALLED COST COl\1PARISONS
FOR BASE A.t~D PROPOSED PLANTS

Th e install ed first costs of the base and pr oposed plants are
estima ted based on the specific equipment associated with the heating
and cooling sys tems (refer to Tabl e 5). Th e base plant equipme nt
includes chillers, cooling towers, TES tanks, heating hot-water boilers,
and pip ing and associated pumping equipment. The equipment for the
proposed plant includes a cogeneration un it , a gas-turbine/chille r unit,
a steam-turbine/condensing unit, a dearator , cooling tower s , heating
hot-water (HHW) boiler s, an HHW converter , an HHW storage-tank,
TES tanks, control room ai r-condi t ioning, and piping and associa te d
pumping equipment. Cost items such as electrical, gas piping, and flue
stacks a re a lso included in th e costs of chill er s , cogene ratio n un it , and
gas-turbine/chiller . The electrical costs for chill ers include a trans­
form er, a switchgear and a power feed er . Th e cost figures are the
designer's es tima tes based on equipment cost da ta obta ined from the
manufacturers of th e major equipment specified herein as well as the
Means 1995 Cost Data.
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An economic ana lysis for the individual three-building base and
the proposed plan ts has been conducte d. Tabl e 6 summarizes the
compa rati ve results of this economic analys is for these tw o plants . We
will now discuss briefly the factors used in conducti ng this economic
a na lysis . An economic ana lysis is perform ed us ing ann ua l ene rgy
costs , annua l cooling towe r water costs, annual mainten an ce costs , and
insta lled first cost s . Th e electric and gas consumption costs are simu­
lated by one of the most comm only-used ene rgy analys is programs:
En ergy System.Analysis S eries (ESAS). Th e ESAS is a gr oup of sophis­
ti cated compute r pr ogr am s. It is us ed to evaluate the design and
opera t ing charact eri stics, energy dem and and consumption , ene rgy
costs , and life-cycle cost on an hourly, full-year basis for building
ene rgy sys tems and th e mechanical plants that serve them . The analy­
s is is usu ally performed for a typi cal weather year , but specific periods
of act ua l weather data can be used to compare actual building perfor­
mance to potential bu ildin g performance for the peri od.

Th e ESAS contains three basic progr am gro ups. Th e first pro­
gram group is the Build ing & Distribution System Program (ERE).
This progra m group calcula tes the thermal and elect rical load s hourly
for the bu ilding (or a section of the bu ilding), and simula tes the opera­
t ion of the air-dist ribut ion system in satisfying these load s for a full
yea r. Addi t iona lly, one can obse rve th e effect of changes in various
othe r opera ting param et ers .

Th e second program group is the Building Section Summation &
Cooling St ora ge Progr am (TCR) th at sums the hourly, full-yea r loads
from multiple ERE compute r runs describ ed ab ove of va rious building
sect ions to find total diver sified sys te m loads th at mu st be satisfied by
a given mechanical plant configurat ion . Th e pr ogram group is also
used to model cooling (or heating) storage sys te ms , with recharge
rat es , tank s izes , and operat ing strategy as var iables. One can also
modify selected load s for selected peri ods in th e hourly data file, per­
mitting th e load pr ofile to be "tuned" to sp ecific requirem ents . Up to
nine ERE compute r out puts can be summed and/or modified in each
TCR computer run , a nd those summations can be combined in subse­
qu ent TCR computer runs , th ereby permitting an infinit e number of
building sect ions to be merged before bein g imp osed on a mechanical
plan t configura t ion .
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Table 6.
Comparative Economic Analysis of Base and Proposed Plants

COST

ANNUAL ENERGY COST
Electricity
Ga s

Total

ANNUAL COOLING
TOWER WATER COSTS

Water
Sewer
Chemica ls

Total

ANNUAL
MAINTENANCE COST

Chi llers
Boilers
Gas & Stea m Turbines
Plant Opera torts)

Total

TOTAL OPERATING COST
SAVINGS VS. BASE PLANT

INSTALLED FIRST COST
(refer to Ta ble 5)

COST PREMIUM VS.
BASE PLANT

BASE PLANT

$1,916 ,329
$124,813

$2,041,142

$2,975
$7,328
$4,699

$15,002

$125,706
$226,708

$919,860
$1,272 ,274

$3,328 ,418

$2,674,510

PROPOSED
PLANT

$276,305
$1,049 ,725
$1,326,030

$3,856
$9,499
$6,09 1

$19,446

$110,376
$58, 692

$262,800
$306,600
$738,468

$2,083, 944
$1,244,474

$5, 954,768

$3,280,258

PAYBACK PERIOD
Simple Payback Period without Rebate (yr)
Columbia Gas Rebate Avail abl e
Simple Payback Period with Rebate (yr )

2.6
o

2.6
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Th e third program gro up, Mechanical Plant Analysis Program
(EEC), simulates the opera t ion of the various pieces of mechanical
plant equipment on a n hourly, full-year basis as they resp ond to loads
im posed by the building's a ir-side sys te m (and cooling storage system ,
if used ) to find monthly and annual energy demand and consumption
for various sys te ms under eva luat ion . Th e program gr oup also permit s
the mont hly ut ility dem an d and consumpt ion data to be grouped into
various time-of-day brackets . Up to six plant configu ra tions can be
s imulated in each EE C computer run with up to four different sets of
hourly load requirements used in each EEC computer run .

Electric and natural gas services in the Toledo, Ohi o area are
provided by th e Toledo Edi son Comp any and Columbia Gas of Ohio,
resp ectively. Both util iti es are contacte d to obtain inform ation on the
cur rent electric and gas rates th at are applicable to the size of build­
ings. One of th e two elect ric rates used is th e Sch edule GS-12 (L a rg e
General Service Rate) for buildings using grea te r than or equal to 150
h.\TA dem and . Another electric rate used is the Schedule PV44 (Large
Power Rate) for build ings with grea ter than or equal to 650 KVA
demand at 4160 VAC or more. The gas rate utilized is the Schedule
LGS (Large General Service) for buildings using greate r than 18,000
l\IC F/per year . As can be seen in Table 6, there is an increase in gas
cost for the proposed plant ($124,813 to $1,049,725 ). However, the real
savings for the proposed plant results from the reduced electr icity cost .
The elect ricity cost decreased from $1,916,329 to $276,3051 resulting
in a tota l annua l ene rgy cost sa vings (gas and electricity) of $715 ,112.
Th e elect r ic and ga s cons umpt ions of the proposed plant a re su mma­
ri zed in Table 7.

In es t ima t ing annual cooling tower water costs includ ing water
consumpt ion, sewer cha rges, and chemica l treatm ent requirem ents for
both the base and proposed plants , th e ESAS ene rgy analysis program
in conjunction with th e ASHRAE 1992 System s and Equipment Hand­
book and the Marley Cooling Tower company publication, ent itle d:
Cooling Tower Fundamentals, are utilized. Water rates for th e Toledo ,
Ohio a rea a re obtaine d from th e City of Toledo , Department of Public
Ut ilit ies . Th e current wa ter rate of $4.96 per 1000 ft3 for a monthly
cons umpt ion of 160 ,000 ft :3to 1,160,000 ft 3 is adequate for the hospital/
office complex. Sewer utili ty costs based on cur rent rates are al so
obta ine d from the City of Toledo, Depa rtment of Public Ut ilit ies . For a
non-ind ustrial building located within the city limits , the volume
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Table 7. Electric and Gas Consumptions of Proposed Plant.

GAS USE PEAK DAY ELECTRIC PEAK
I\IONTH (MCF) GAS USE USE ELECTRIC

(MCF) (kWh) DEI\IAND
kW (60 MIN )

J anu ary 21,803.0 864 .6 1,350,614 2624

Feb rua ry 20,234.8 887 .0 1,254,270 3035

Ma rch 21,526.1 918.2 1,416,170 3787

April 21,981.3 966 .3 1,487,010 3787

May 24,718.6 1096 .0 1,655,023 3787

June 28,657 .6 1108.1 1,839,10 0 3787

July 30,047.6 1128.3 1,901,475 3787

August 30,0 11.0 1096.1 1,910,862 378 7

September 26,123.7 1082.0 1,725,251 3787

October 22,807 .5 983.9 1,548,190 3787

November 20,248.8 855.0 1,369,681 3445

Decem ber 21,865.5 831.7 1,373,704 2624

ANNUAL: 290,025.7 1128.3 18,831,350 3787

charge is $12.22 per 1000 ft3. As can be seen in Table 6, th e ann ual
coolin g tower water costs are $15,002 for the base plant and $19,446
for the proposed plant.

In est imati ng maintenance and repair costs for both the base and
proposed plants , manufacturer s of respective equipme nt a re cons ulte d.
These costs include major chillers and boiler overhaul over the life
span of the equipment . Accordingly, the average mai nten ance and
repair costs for the chill er s and boilers are assumed to be $43.80/tonl
year and $4.38/MBtu/yea r , resp ecti vely. Th e mainten ance and repair
costs for the gas - and steam-t urbines for the proposed plant are esti -
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mated to be $262,800/year. Th e plant operator cost is es ti mate d based
on one person, 24 hr/day, 365 days/year at $35/h r fu lly load ed per
plant . Tabl e 6 shows that the proposed plant sa ves $1,244,474 a year
in tot al ope rat ing cost s. Th e lower portion of Table 6 presents the
operating cost sav ings and install ed cost prem ium for the proposed
plant. The ratio of these tw o quantities gives the s imple payb ack
period as 2.6 years for the proposed plant .

CONCLUSIONS

This study introduced an innovative central cogen eration plant con­
cept. Study results also show the proposed Modul ar Hybrid Combined­
Cycle Cogen erationtrES plant effectively se rves the ent ire hospita l!
office complex whe n compared with the base plant in which each of the
three bu ildings is se rved by it s own heating/coolin g plant , A det a iled
eva luatio n of the proposed plant has shown substant ia l cost savings by
effect ive ly reducing the utility and mainten an ce costs and, therefore
the tot al annual operating costs of the overall plant. This substant ia l
reduction in operati ng costs is mainly du e to the fact that approxi­
mately 95<ff of the total required annual electr ica l power is produ ced
on-site by cogen eration, and therefor e only 5% of it s annual es t imate d
power needs are needed to be purchased from a util ity . Th e electrica l
power to be purchased from a utility, although small in com parison to
the elect ri city gene rate d by cogene ration (59r; vs. 959r, in th is case), is
st ill quite expens ive . It averages over 22 cents/kWh a year a nd reaches
as high as 58 cents /kWh in th e summe rtime . Meanwhile , the electric­
ity genera te d on-site by cogene ratio n is es t imated to cost ap proxi­
mately 3.8 cents /kWh . Although the waste exhaust heat from the York
Gas-Turbine/Centrifugal Chiller and the Kawasaki Gas-Turbine Co­
gene rat ion Uni t is available to produce excess steam at the HRSG, the
economic analys is did not opti mize the capac ity of the HHW converte r
and HHW sto rage-tank nor the utilization of the STGU.

Although cost of the natural gas consumpti on for t he proposed
plant in compa rison to the ba se plant has increased ($124,8 13 to
$1,049,725 as show n in Tabl e 6), th e substant ia l savings ($1,640,024)
on the overa ll elect rical power consumption was sufficient enough to
offse t th is increase. Another category of cost savings that played a very
important role in reducing the total yearly operat ing costs of the
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proposed plant is the mainten an ce cost. In this category, the cost of
maintaining a number of plant operators for the base pla nt (wit h three
sepa rate plants) is the governing factor. Reducing the number of plant
operators for the proposed plant resulted in a substant ia l redu ction in
operator cost from $919,860/year to $306,600/year . Holding the annual
cooling tow er water costs for the base and proposed plants fai rly
constant in comparison, the proposed plant has reali zed a substa nt ia l
tot al operat ing cost savings of $1,244,474 per year . Alt hough the in ­
sta lled fir st cost of the proposed plant was h igher in comparison
($5,954,768 vs . $2,674,510), th e above total operating cost savings of
$1,244,474 per year was able to bring the simple payback period for the
proposed plant to a very reasonabl e and cost-effecti ve peri od of 2.6
years (refer to Table 6).

Th e design of the pr oposed plant has resulted in a substanti a lly
comp act cent ra l plant (7,599 ft2 vs . 10,684 ft2 , an approxim ately 29%
decrease in physical size) in compa rison to the base plant having three
se para te plants. Additionally, the proposed (fu lly-dedicate d) Modular
Hybrid Combined-Cycle Cogenerat ionlT ES plant contri butes to re­
du ced dem and charges ass ociated with the time-of-use elect r ica l rates ,
bet ter operat ion and mainten ance, efficient ene rgy managem ent,
hi gh er overall system efficiency, and reduced levels of emissions and
noise .

In the ligh t of on-going deregulati on of elect rica l power indus try ,
the cost of producing elect r ica l power should cont in ue to go dow n once
st randed costs are amortized. The curre nt and prop osed deregula tio n
measures would all ow cons umers and businesses to make their own
decisions in purchasin g electrica l power from the lowest-cost provid­
ers. With the anticipated nationwide deregulat ion of the elect ric utility
industry (already underway in 40 states including Ca lifornia ), the
proposed Modular Hybrid Combined-Cycle Cogen erat iontrES plant
can offer via ble solut ions to electr ic, steam, heating and cooling gen­
era t ion needs for large multi-bui lding complexes .
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