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Decision Making Analysis
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ABSTRACT: In this study, 3 cooling systems of apartment which are air-cooled air conditioner
with indoor unit, water—cooled air conditioner with indoor unit and small capacity absorption
chiller-heater with FCU have been evaluated by Multi—Criteria Decision Making Analysis. Weights
of 7 selected factors which are economics, space, billing, constructability, human comfort, visibility
and reliability are determined by expert group of 30 system designers and 30 construction
engineers. Final weights were derived for 101 and 166 m* apartments. Analysis shows that small
capacity absorption chiller—heater with FCU is the most favorable system for apartment cooling

system.
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Table 1 Evaluation items of cooling system
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Table 2 Weights by expert group(System designer and construction engineer)
101 m’ 166 m’

Evaluation item Weight Average Weight Average
Sy;tem Constmction weight Sy§tem Constmction weight
designer engineer designer engineer

A Economics 6.03 .77 59 4.87 5.30 5.1
B Space 4.63 497 4.8 3.73 4.60 4.2
C Billing 5.10 4.90 5.0 4.70 4.63 4.7
D Constructability 3.70 4.70 4.2 3.67 4.47 4.0
E Human comfort 6.13 5.50 5.8 6.90 6.03 6.4
F Visibility 453 3.97 4.3 5.63 4.30 5.0
G Reliability 4.87 5.20 5.0 5.50 5.67 56
Total 35.0 35.0 35.0 35.0 35.0 35.0
Table 3 Final weight(101 m’), RW : Relative weight
Y B C D E F G Final | Ratio
T Item| RW |Item| RW |Item | RW |Item| RW |Item| RW |Item| RW | weight | (%)
A. Economics| A 1.1 A[JO09 | A |17 A|01]|A 16 | A | 09 7.3 30.9
B. Space Cl|02] B |06 E|10| B 0.5 G | 02 2.1 8.9
C. Billing C |08 E |08 ]| C 0.7 G | 00 2.7 114
D. Constructability E |16 | F 0.1 G | 08 1.0 4.2
E. Human comfort E 1.5 E | 08 6.7 284
F. Visibility G | 07 1.1 4.7
G. Reliability 2.7 114
Al 23.6 100.0
Table 4 Final weight(166 m’), RW : Relative weight
oom B C D E F G Final | Ratio
- Item| RW |Item| RW |ltem| RW |Item| RW |Item| RW |Item| RW | weight | (%)
A. Economics| A 09 | A 04| A |11 ]| E 1.3 | A| 01 | G| 05 35 12.6
B. Space C|05|B|02]|E 2.2 F | 08 | G| 14 1.2 4.3
C. Billing C |07 E 1.7 F | 03| G]|O09 2.2 79
D. Constructability E 2.4 F 10 | G | 16 1.0 3.6
E. Human comfort E 14 | E | 08 10.8 38.8
F. Visibility G | 06 3.1 11.2
G. Reliability 6.0 21.6
Al 27.8 | 100.0
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Fig. 1 Floor plan of 101 m’ apartment.
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Table 5 Cooling systems
Case 1 Case 2 Case 3
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Table 6 Initial cost

Case 1 2 3
Cost(1 million won) 4943 | 6,191 | 6,738
Score 3.0 1.6 1.0
Rank 1 2 3
Table 7 Running cost
Case 1 2 3
Cost(1 million won) 276 215 112
Score 1.0 1.7 3.0
Rank 3 2 1
Table 8 Energy consumption
Electricity[kW] Gas
Case )
330 Household | Common | [Nm'/h]
1,988.6 - -
1,548.4 419.0 -
544.8 - 504.0

Table 9 Electricity cost(House, low V)

Base rate Consumption rate

(Won/Household) (Won/kWh)

~100 kWh 380 ~100 kWh 56.2
100~200 kWh 840 | 100~200 kWh | 116.1
200~300 kWh | 1,460 | 200~300 kWh | 1716
300~400 kWh | 3,490 | 300~400 kWh | 253.6
400~500 kWh | 6540 | 400~500 kWh | 373.7

500 kWh~ 11,990 | 500 kWh~ 656.2

Table 10 Electricity cost(Common)

Air-cooled air
conditioner
+indoor unit

Water—cooled
air conditioner
+indoor unit

Small capacity
absorption
chiller-heater
+FCU

Option Base rate Power rate(Won/kWh)
(Won/kW) | Jul.~Aug. | Apr.~Jun., Sep.
I 5,790 98.1 61.2
II 6,660 94.7 57.7
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Table 11 City gas cost

o Unit cost | Base rate
Division
Won/m’ Won/m’
) Seoul 785.77 840.0
. | Cooking -
= Gyeonggi 803.89 790.0
s
2 ] Seoul 791.22 840.0
Heating -
Gyeonggi 802.43 790.0
) Seoul 521.23 -
Cooling -
Gyeonggi 523.78 -

Table 12 Space

Case 1 2 3
Feature Within | Within and | Within house
house | out of house +exhaust
Score 3.0 1.0 2.0
Rank 1 3 2
Table 13 Billing
Case 1 2 3
Feature |Independent| Dependent |Independent
Score 3.0 1.0 3.0
Rank 1 3 1
Table 14 Constructability
Case 1 2 3
Expert evaluation 7.9 6.3 6.0
Score 3.0 2.0 1.0
Rank 1 2 3

Fofatadh v y = -0.01222+4.3659(x :
(et /), y - B7HS) A ol8ske] #
AESAT olv A A& @7k= Table 8

~Table 113} 2o}, Fe8(4¢) 47193 777"
o]

)
i
2 o

=2
2
> 2 & op fo

fo 12 g
ol e

~
N
=5
fuor
~N
e
2

o
£~

o
=
%
o

)

=2

>

rr
B
o =

H_I ﬂllrU

oo 12 -

Table 15 Human comfort

Case 1 2 3
Expert evaluation 0.64 0.64 0.42

Score 3.0 3.0 1.0

Rank 1.0 1.0 3.0

Table 16 Visibility

Case 1 2 3
Opening ratio 94.2 100.0 91.2

Score 2.0 3.0 1.0

Rank 2 1 3

Table 17 Reliability

Case 1 2 3
Effect of disturbance Yes No Yes

Score 1.0 3.0 1.0

Rank 2 1 2
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Table 18 Overall evaluation(no weight)
Case 1 2 3
. Initial cost 30 | 16 | 1.0
A. Economics -
Running cost | 1.0 | 1.7 | 3.0
B. Space 3.0 1.0 | 20
C. Billing 30 | 1.0 | 3.0
D. Constructability 30 | 20 | 10
E. Human comfort 1.0 | 1.0 | 3.0
F. Visibility 20 | 30 | 1.0
G. Reliability 1.0 | 30 | 1.0
Total 17.0 | 14.3 | 15.0
Rank 1 3 2
Table 19 Overall evaluation(weight, 101 m’)
Case 1 2 3
. Initial cost 219 | 11.7 | 7.3
A. Economics -
Running cost | 7.3 | 124 | 21.9
B. Space 63 | 21 4.2
C. Billing 81 | 27 | 81
D. Constructability 30 | 20 | 10
E. Human comfort 6.7 | 6.7 | 20.1
F. Visibility 221 33 | 11
G. Reliability 27 | 81 | 27
Total 582 | 49.0 | 66.4
Rank 2 3 1
Table 20 Overall evaluation(weight, 166 m’)
Case 1 2 3
. Initial cost 105 56 | 35
A. Economics -
Running cost | 35 | 6.0 | 105
B. Space 3.6 12 | 24
C. Billing 66 | 22 | 6.6
D. Constructability 30 | 20 | 10
E. Human comfort 10.8 | 10.8 | 324
F. Visibility 62 | 93 | 3.1
G. Reliability 6.0 | 180 | 6.0
Total 50.2 | 55.1 | 655
Rank 3 2 1
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