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Abstract In recent years, heat source systems which have a principal effect on the performance of buildings are difficult
to design optimally as a great number of design factors and constraints in large and complicated buildings need to be considered.
On the other hand, it is necessary to design an optimum system combination and operation planning for energy efficiency
considering Life Cycle Cost (LCC). This study suggests a multi-level and multi-objective optimization method to minimize

both LCC and investment cost using a genetic algorithm targeting an office building which requires a large cooling load.

The optimum method uses a two stage process to derive the system combination and the operation schedule by utilizing

the input data of cooling and heating load profile and system performance characteristics calculated by dynamic energy
simulation. The results were assessed by Pareto analysis and a number of Pareto optimal solutions were determined. Moreover,
it was confirmed that the derived operation schedule was useful for operating the heat source systems efficiently against

the building energy requirements. Consequently, the proposed optimization method is determined by a valid way if the design

process is difficult to optimize.
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Fig. 1 Outline of optimization.
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Table 1 Capacity and Price of each energy system
Turbo Refrigerator(TR)

Capacity 490 543 630 700 823
Price 74,000 78,560 81,420 85,320 88,640
Heat Pump(HP)

Capacity 100 200 400 600 800

Price 55,752 74,336 92,920 111,504 130,088
Gas Boiler(GB)
Capacity 41 122 204 285 366
Price 950 2,850 4,750 6,650 8,550
Unit : Capacity(kW), Price(thousand-won).
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Fig. 2 Performance curve of energy system.
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Fig. 3 Pareto optimum solutions.

301



Fig. 4= o113 10,680 m*e] 29~ AES =4y
@ Aoz Az aua} A =270e A
Aslla, B =wdAe i A& dig Wi F
3 z2udS &8sty FHA3 TS sl
o AdEe] A& A8l At 7HA sk
TRNSYS 178 o]-§3ste] Wi K3} #4985 A3k
o BA A ) 93 B3tE 1€ 169 324.5 kW.

yuk 3)g Bale 89 279 735.6 kWRE AHEH QT
Fig. 5% # A3} 419 gg€zte= &85 A4 o
R 499 K3} Tegdad W 5393 $h
W kS At 599 119 71
s

d7dstel el

% of,

3.2 #MA 42| F Mo =A

Table 2= ¥ =& 73 NSGA-II £} MIGA 2]

Fig. 4 Analysis office building model.

800

+JAN oMAY
*AUG ©--NOV

600 / \
400

Load (kW)

%F

0 2 4 6 8 10 12 14 16 18 20 22
Hour
Fig. 5 Load profile of representative days.
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Table 2 GA Parameter

Parameters NSGA-II MIGA
Size of sub-population - 8
Number of island - 3
Population size 12 24
Number of generation 30 200
Rate of migration - 0.5
Interval of migration - 5
Rate of crossover 0.9 1
Rate of mutation - 0.01

Table 3 GA Variables
Capacity Design
Capacity(kW)

System  Units

TR 2 0, 490, 543, 630, 700, 823
HP 2 0, 100, 200, 400, 600, 800
GB 2 0, 41, 122, 204, 285, 366

Operation Planning
0.0, 0.2, 0.4, 0.6, 0.8, 1.0

Part load ratio
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Table 4 Pareto-Front Solutions

gkl HA s

Alt-1  Alt-2  Alt-3  Alt4  Alt-5 Alt-6

TRI(kW) 490 490 543 490 700 543

TR2(kW) 490 490 490 490 490 490

HP1(kW) 0 0 0 0 0 0

HP2(kW) 100 100 100 100 100 100

GB1(kW) 204 122 122 285 285 285

GB2(kW) 204 204 204 285 41 204
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Fig. 6 Pareto front results.
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Fig. 7 Operation plan of representative heating day.
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Fig. 8 Operation plan of representative cooling day.
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