Integrating District Cooling with Combined Hea

and Power (1996 N1)

SCOPEAND PURPOSE

This report descibes the engy efficiency,
economic and efironmental implicdons of
altemdives br integrating distiict cooling with
Combined Heband Pwer (CHP).The

purmpose of theepott is to povide guidance to
designes of distict cooling systems to identify
the best optionsof integrating distiict cooling
with CHP in nev plant facilities.

Ead case will hge its avn paticular tedinical
and economic pametes, and this eport is
intended to aid in atictuiing the essential
case-spedit anaysis, rather than substituting
for sut an analsis. Caital and opeating
costs br CHP and killer technolagies ae
presentedbut signifcant \ariations in costs
can occur due to creng/ values and other
case-spedit factos

For the puposes of thisepott, district cooling
is defned as ay system hich provides
building cooling though the distbution of
chilled weter, hot weter or steam tim a centl
plant. Thus,cooling adieved though
distiibution of distict hot weter or steam to
drive asoiption diillers locded in uildings is
also considerd distict cooling

The eport addresses:

+ the themodynamic fundamentals of CHP
and cooling providing a concptual
founddion for later quantifcation of the
efficiengy of altenaive cooling/CHP
options;

* the eficiengy, air emissions and economics
of altemaive CHP tebnolagies (s
turbine recipocaing endne, steam turbine
and @s turbine combinedycle);

« the eficiengy, refrigerant ewironmental
impacts and economics of altetive
cooling tetinolagies (electic centifugual,

steam turbine cerifugal, one-stge steam
absoption, two-staye steam lasoption and
hot water ésomption);

 review of fundamental aspects of distr
heding and cooling systemshich ae
relevant to intgrating distict cooling with
CHP;

« the eficiengy and economics of ingeated
cooling/CHP tehnolagy altemaives,
including presentéion of economic
formulas,discussion of & economic
variables and calculion of cooling costs
for illustrative hypothetical scenars; and

« case stugl examples of intgrating distiict
cooling/CHP

ENERGY EFFICIENCY

Basis br Efficiency Comparisons

A consistentfigure of meit” for compaing
the enegy efficiencies of diferent options ér
combining CHP and cooling is gdidematic
because e&coption,employed in a gven
circumstancewill produce diferent anmial
guantities of elecitity, heding and cooling
Efficiency compaisons based on summing
these thee types of engy outputs will be
misleading because thé&gnore the difering
exemgy qualities of electcity, heding and
cooling

Consequenyl compaisons of the diciencies
of altemative CHP/diller options vere made
on the basis of maximizinghidled water
production. Hetdriven dillers were
supplemented with eleatrdrive dillers using
available electic output fom CHP

Findings Regarding Efficiency

1. If the goal is maxinum cooling output per
unit of fuel usedthe CHP tehbnologies ank
as bllows, from highest to lwvest output:



» Gas turbine combined/de
» Diesel engne

» Gas turbine

» Steam turbine

This ranking holds we egardless of the
chiller technolagies emplged although the
extent of diferences betaen the CHP types
vaiied dgending on thehdller

technolagies.

. With a simple gcle gas turbingthe higher
tempeesture hea-driven dillers
(supplementedybelectic drive dillers)
provide moe cooling output than thever
tempeature optionswith the electic-
chiller-only option poviding the lavest
cooling outputThis is also oughly true
with a diesel enige, although the lover
tempesture hea-driven options compar
more favorably because the tempature of
the useful thenal output of diesel efges
is mote limited compaed to the gs turbine

. With steam turbine andag turbine
combined gcle CHR the electic drive
chiller provides the highest cooling output,
followed ty hot weter @somption and other
hea-driven optionsroughly in order of
increasing dving tempeature. The
differences beteen diller types with gs
turbine combinedycle ae less than those
for steam turbine CHP

. When combining cooling with CHP in we
gas turbine combinedycle facilities, there
are only small diferences in verall
efficiengy between maximizing eledtr
production and using eleatrdrive dhillers
compaed to atracting some of the thexal
enegy and using it to opete absoiption
chillers. The diferences in pactical
efficiencies ae within the ange wher
specifc equipment selection and design
conditions will detemine which altenative
is most eficient.

5. Simple gcle gas turbine CHP carppear
attractive from an eficiencgy standpoint
when the thanal output is vized as'waste
hed.” However, it can be agued thathis is
becausgefrom the standpoint of meplant
design total eficiengy has not eally been
optimized with a simpleycle, i.e.,
generlly there is the cpability to geneste
additional electicity in a combined ycle.

6. For a nev CHP fcility, ther is not a
compelling agument br using hea
geneeted though CHP to dve dillers as
opposed to installing a condensing tail to
drive electic chillers. Hovever, this
argument does not holaf the smaller end
of the scale of CHPatilities (eg. 5 MWe),
where due to economies of scale it is
geneally not cost-diective to install a
steam turbine to dre a g¢neetor in a
combined gcle.

ECONOMICS

This report addresses the costs ofigerting
cooling enggy using CHPHowever,
distribution costs can be a sigo#nt pat of the
total cost of disfct cooling Whete a distict
heding system is wll developed distribution of
“cooling enegy” via the distict heding loop r
corversion with dsoption dillers has the
potential to be the most costedtive option
consideing both plant and disbution costs.

The economics of inggated cooling/CHP
options ae highly dgpendent on mancase-
specifc factoss. The following discussion
summaizes the esults of the illusttive
scenaios presented in thesport for nev CHP
systems in the 20-25 Mygize range under
staed load and economic assumptions.

CHP options
1. In the illustative scendos, simple gcle gas
turbine CHP povides the lavest cooling



cost & low values of electcity (3 cents/
kwh,), due in lage pat to its lov
investment cost.

. Combined gcle gas turbine CHP jpwides

the lavest cooling costtehigher elecicity
values (hove 5 cents/kW) as a esult of
its high electic efficiency. As electicity
value ises,the competitieness of theas
turbine combinedycle increasesdster than
the other CHP options.

. With the potential ér steam turbine CHP to

be ired with lover-cost fuel,this CHP

option has the potential to be the most cost-

effective option dpending on spedif fuel
costs.

. In CHP plants under 20 M\\feciprocaing

engne CHP can become necompetitie
than indicged in the illustative scendos,
and in CHP plantstave 50 MW, steam
turbine CHP has the potential to be mor
competitive than indicted

. Sensitvity of cooling costs toltanges in

fuel cost,hed value and eledirity value is
lowest in the wim dimate because net
CHP costs & spead wer a eldively large
number of cooling utilizaon hous.
Corversely, sensitvity of cooling costs to
these &ctoss is highest in the coldimate
because net CHP costeapead oer a
relaively small rumber of cooling
utilization hous.

Chiller options

1.

10

Based on the illusttive scendos, electic
drive dhillers combined with gs turbine
CHP (a low electic values) and gs turbine
combined gcle CHP (& high electic

values) povided the levest cooling costs
for centalized dilled water distict cooling
However, in mary scenaios the cost
differences beteen elecic drive cooling
and hegdriven options (supplemented with

electic drive) were quite small and can be
consideed insignifcant in viev of the may
case-spedit variables which can affect the
calculdions. In geneal, the costs of the
CHP ae moe signifcant than the costs of
the diller equipment.

. Geneally, cost diferences beteen the

cooling tetinologies combined with simple
cycle gas turbine and diesel eng CHP ag
very small because the electoutput of
these CHP tdmolagies is not diected ly
themal ectraction. In contast,with steam
turbine CHP and to a lessedttent gas
turbine combinedycle CHR cost
differences beteen tiller tednolagies ae
more signifcant because with the steam
cycle the elecic output deaeases Wwen
themal enegy is extracted and this deate
increases with in@asing thenal extraction
tempeature.

. Aside from direct economic considations,

the walue of fexibility and reliability may
lead the system designer to installthea
driven dillers. For example hed-driven
cooling can help mtect gainst penalties
associted with a loss of pger genestion
cgpacity d peak,since with headriven
chillers the system opator can fre up
relaively inexpensve standip boiler

cgpacity.

. For all CHP typesthe economic ditrences

between the haadriven diller options vere
reldively small,with costs slightl higher
for chillers requiiing highertempeeture
driving enegy. In essencehe higher
investment costof highertempesture
hed-driven options s to a lage extent
offset by their higher diciencies.



