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Validating the Applicability of a Simplified Correlation Method
for Economic Evaluation of Cooling Plants
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ABSTRACT: In the previous research, a simplified correlation method was developed as an
easy prediction tool for comparing energy use of cooling plants. The purpose of this paper is
to test the applicability of this method for economic evaluation with two zones of a 20-story
commercial building in Seoul. The results of this method were compared with the DOE-2
simulation and actual measured data. Then, Comparisons of life cycle cost were carried out for
three types of cooling plants. Testing of one zone showed good agreement of within 10% error
in cooling energy use and within 2% error in LCC. But testing of the other zone indicated that
the use of this method were invalid when input variables were used beyond its valid range.

Key words: Simplified correlation method(Ze]A|AtH), Economic evaluation(Z2Al4 % 7}), Life
cycle cost(4 ofu] &)
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Table 1 Simplified correlation method for centrifugal chiller and absorption chiller

Centrifugal chiller

Absorption chiller

i) Calculate C,,,, PL(Z) by using the regress-

ion equations.

i) PLR(;'):LCLJQ

iii ) P(z)z Crwmxfcap(tcoldy tcond(i))XE[Rnom
X femr (oot s teonai) X fer (PLR () X hours

W) P= 3P(i)

i) Calculate C,,.,, PL(i) by using the regress-
ion equations.

Determine boiler capacity ( Copm ")

i) PLR(:‘)=—PCLJQ

“1) P(Z)z Cnomxfcap(tcold: tcand(i))xEIRnom
X frir (teotd, toona(2)) X fer(PLR (7))

) PLR(:’)‘=%Q,—

V) P(i)': Cnom'XEIRnom‘XfEIR‘(PLR(Z.)‘)

X hours

vi) P=2P(i)'

P(i)" = Cuom X EIR "

(2)
X fem (PLR(i)") X hours
Table 25 WEFA2=do zho)AlMY A&
HE Yebd Aotk W& 2o Ay
A4 4

WE7l, 54 3719 A

AhE T B BEdA th2r) opztel WA
(charging storage)®} F31e W57|&d 2 ¥y
< A(direct-to-load chilling & discharging stor-
age)2E TRsloof 3tH, Fzte] WEy) gIE
B PL(i)" )= &Y 29$H(storage priority) 2
7 WE7)$H(chiller priority) WA wg trET)

Table 2 Simplified correlation method for thermal storage system

Direct-to-load chilling & Discharging storage l

Charging storage

i) Calculate C,om, PL(7) by using the regression equations.

Determine Q., Quis, @un
ii) Chiller priority
PL(i)"=@Q,, when PL(i)=Q,
PL(i)™=PL(i), when PL(i)<@,
Storage priority
PL({)" = PL(i)— Qgu, when PL({)> Qg
PL(:)" =0, when PL(i)<Qu

i) PLR(i)=ﬂ‘—Q@)—“—

iV) P(Z)= cnomxfcap(tcald» tcond(i))XEIRnom
X fEm(teotas toona(1)) X frr (PLR (i) X hours

v) P= ‘gP(i)

i1y PL()™ = Qu+ Hys

i) PLR(z‘)=M)——

Qe

iV) P(z)z Cnomxfcap(tcold» tcona’(l'))XE]Rnom

X feir (tootds Eeona(2)) X (PLR (7)) X hours

v)P =P= i;P(i)
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Table 3 Summary of simulation building

Floor area (m®) Cooling plant Cooling system
B2~7 Parking 13,200 - -

B1 Shop 2,190 Reciprocating chiller 0.282 Mwatt (80 USRT) |Interior zone : constant air volume

Perimet : f; il unit

1~2F  Bank 2160  |Reciprocating chiller 0422 Mwatt (120 USRT)|. . orer 2on€ - 1an coff um
Interior zone : constant air volume

~ i Perimets : il unit

3~10F  Office 8960 |Centrifugal chiller 0.969 Mwatt (276 USRT) |, o cter zone - fan coll uni
(A zone) . Interior zone : constant air volume

) Perimeter zone : fan coil unit
11,200 Centrifugal chiller 1.321 Mwatt (376 USRT) |Interior zone : constant air volume
(only for provision with outside air)

11~20F Office
(B zone)




858 H9H - ARF

Table 4 Input values of regression equations

A zone B zone Va:((;u;iircl)ies of
Effective floor area 7,218 (m?) 9,695 (m?) -
Area Wall & roof area 4,046 (m?) 6,041 (m® -
Window area 1,394 (m?) 1,830 (m) -
Floor-to-wall ratio (FWR) 0.56 0.62 -
Window-to-wall ratio (WWR) 0.34 0.30 -
Shading coefficient of
fenestration (SC) 054 054 B
SCXWWRXFWR 0.104 0.102 0.025~0.225
Input | Space air temperature (T) 25(C) 26 () 24~26 ()
values!| Internal load density (ID) 41.69 (watt/m®) 0 (watt/m?) 25~112.5 (watt/m?)
IS(®~1s(12) : 081
Internal load schedule (IS) SES&-IS(IG) 83? IS(8)~IS(17) : 0 02~1.0
1S(17) 1 0.68
Outdoor air flow (OA) 2.88 (m’/h/m®) 1.75 (m%/h/m®) | 1.22~10.98 (m*/h/m?)
IEATL 2 TREA, 4 A5 YEY A+Ag+ - - - - +A,=1.0 (8)
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Table 5 Summary of plant parameters
Type Plant parameters
. . chilled water temperature ( f,,) @ 7C
Centrifugal chiller energy input ratio to chiller nominal capacity ( EIR,,,,) : 0.22
chilled water temperature (f,y) @ 7C
T b ) nill energy input ratio to chiller nominal capacity ( EIR,.,) : 1.0
wo-stage absorption chiller boiler nominal capacity ( Cpom ") = Com
energy input ratio to boiler nominal capacity ( EIR,,, ") : 115

Thermal storage system

(storage priority)

chilled water temperature ( £,) : 1T

energy input ratio to chiller nominal capacity ( EIR,,,, )
chiller capacity ( @,) :
charging storage rate ( Q)
discharging storage rate ( Qg ;)
heat loss of storage tank ( Hy,,)

1 0.22
Crom X 0.6

D Coom X06

D Clrom X0.42

: 0 (Watt/m?)

Table 6 Comparisons of energy use on three types of cooling plants

DOE-2 simulation | Simplified method | Error ratio (%)

A zone | Maximum system load ( Cpom) | 92.96 (W/m? 97.81 (W/m? +5.2
Cooling Energy use

Centrifugal chiller 10.09 (Kwh/m? | 10.34 (Kwh/m®? +2.5

Two-stage absorption chiller | 63.08 (Kwh/m? 62.11 (Kwh/m? -15

Thermal storage system 10.37 (Kwh/m®) 11.34 (Kwh/m®) +9.3

B zone | Maximum system load ( C,,,) 5559 (W/m®) 45.38 (W/m?) —184
Cooling Energy use

Centrifugal chiller 5.31 (Kwh/m®) 4.40 (Kwh/m®) -17.2

Two-stage absorption chiller | 33.88 (Kwh/m?) 26,73 (Kwh/m?) -211

Thermal storage system 5.88 (Kwh/m®%) 4,78 (Kwh/m®) —188
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Table 7 Factors used in life cycle cost analysis

Life cycle cost factors

Study period 20 years
Interest rate ( 7) 11.7%
Price escalation rate ( e) 5.1%
Actual Interest rate (i°) 6.3%

Life cycle cost components

Centrifugal chiller : chiller, cooling tower, control, electric transformer
Two-~stage absorption chiller : chiller, cooling tower, control, electric transformer,

Initial installation cost (IC)

subsidy(-), tax discount(-)

Thermal storage system : chiller, cooling tower, heat exchanger, control, ice-storage
tank, brine pump, brine, electric transformer, subsidy(-), tax discount(-)

Centrifugal chiller : electricity

Two-stage absorption chiller : electricity, natural gas

Energy cost ( EC)

Thermal storage system : electricity

¥electricity ~ demand charge, consumption charge
¥natural gas - consumption charge

Maintenance cost ( MC)

Annual 2.0% of equipment cost”
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Table 8 Comparisons of Life Cycle Cost on three types of cooling plants (1,000 won)

Type DOE-2 simulation | Simplified method Error ratio (%)

ECx LCCo ECa LCCx ECax LCCa

A zone Centrifugal chiller 198,537 343,300 | 198,414 343,178 —-0.06 —-0.04
Two-stage absorption chiller | 129,306 278898 | 126,751 276,343 -20 -0.9
Thermal storage system 57,8328 242,821 61,091 246,084 +5.6 +1.3

B zone Centrifugal chiller 158,621 288,274 128,251 251,281 —-19.1 —12.8
Two-stage absorption chiller| 95662 230,629 75,264 202,096 —-21.3 -12.4
Thermal sforage system 42,906 209,333 34,006 184,960 —20.7 -11.6
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