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Abstract - The purpose of this study is to propose a method for optimizing heat generation facilities
to maximize revenue by investigating their operationa status during times of maximum hesat demand for
digrict hesting. Based on the derived result, this study aso proposes a method for determining a given
power plant’s optima equipment, such as combined heat and power plant(CHP), pesk load boilers (PLB),
heat accumulators, and so on, depending on heat demand and facility capacities. It aso offers a guide
for how to operate facilities more economically by considering the operationd status of digtrict heeting
companies.
Key words : Integrated Energy, District heating, Combined Heat and Power, Optimized Capacity Estima-
tion
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A Study on the Development of the Optimal Capacity Estimation Algorithm
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Table 1. Heat sources contributions for major district heating companies in korea

Permitted Heat Sources(Gca/h)
. , Facility
Companies Region Capacity CHP PLB Others Receiving* Pipeline Accumulator
(Geal/h) Waste Heat  Network ' (Geal)
&
Mok-dong 595.6 112 385 - 28.6 70 75'8* 1EA
SH Corporation 10.6*2EA
Magok-dong 428.0 190 136 - 42 60 100* 1EA
Suwon 688.0 71 496 - 27 94 63*1EA
Korea District Heeting 3% @%@ 5030 306 206 1 - 4110 80* 2EA
. Unjeong
Corporation
Hwaseong "
Dongtan 1,2 1,246.5 920 754 225 450 119*2EA
GS Power Anyang 852.5 537 242 114 62.1 - 68.5* 2EA
SK E&S(Wirye) Wirye new town 3919 2325 2064 6.7 29 -56.7 151*1EA
* a7ty slad, AH Y, TANEE ERAAAT AAFLE A9
T A AR P ddste] Fawe d
Table 2. Estimated contributions of facilities to total capacities of domestic district heating (end of 2018)
CHP PLB Heat pump etc  Receiving Waste Heat Total
Capecity (Gcal/h) 6,720 12,968 163 5,993 25,844
(ratio, %) (26.0) (50.2) (0.6) (232 (100.0)
Table 3. Estimated contributions of facilities to heat production of domestic district heating (2018)
Production Receiving Waste o
CHP PLB Others' Sub total Heat*
Heat Production
(Thousand Geal) 14,355 2,565 185 17,105 8,843 25,948
retio(%o) 55.3 9.9 0.7 65.9 34.1 100.0
* a7ty sied, A Y, TANES ERAAAT AAFLE A9
TdmAdA, slERE, W2z, E5AUEY], HEd 5o T4 Y
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’ Step 6 ‘ Cost and profit analysis ‘
l
’ Step 7 ‘ Heat load statigtics calculation ‘

l
Step 8

|

’ Step 9 ‘ Assessment of aternatives ‘

l
’ Step 10 ‘ Determination of optimal capacities ‘

Determination of CHP and PLB capacities for
7 dternatives

Fig. 1. Procedures for estimating optimal capacities
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Table 4. Contents of input data

Data

Load data

-Heat load of households, Receiving waste heat

- Equipment present (such as CHP, PLB, and ACC)

- Number of CHP operating mode

- Power-to-heat ratio by CHPi MODEi function based index, fuel cost coefficient of a function

Heat Production facilities
data

-Upper and lower limits of heat and power production by CHPi MODEi
- Power-to-heat ratio by CHPi MODEi coefficient of a function
-PLB’s fuel cost coefficient of a function

-Upper and lower limits heat output of PLB
- Accumulator Maximum Capacity, Maximum heat accumulation and release capacity per hour,

First and find water leve

Economic value data

- Cost of receiving waste heat, Sdlling price of heat, Sdlling price of eectricity back to the grid

Table 5. Criteria for calculating aternatives

CHP Capacity PLB Capacity
aternative 1 m+3o Total Capa-(m+35 )
dternative 2 m+26 Total Capa -(m+26 )
aternative 3 m+lo Total Capa -(m+1s )
aternative 4 m Tota Capa- (m)
dternative 5 m-1o Total Capa-(m-1s )
aternative 6 m-26 Total Capa-(m-26 )
aternative 7 m-3o Tota Capa -(m-36 )
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Table 6. CHP and PLB characteristics of pertinent district heating company

Lower Limit of Heat Production(Gecal/h)  Upper Limit of Heat Production(Gcea/h)

CHP 101 435
PLB 1 0 102
PLB 2 0 140

Table 7. ACC characteristics of pertinent district heating company

T+ 5 ACC Capacity[Gcal] Ramp-rate] Geal/h]
ACC #1 68.5 10
ACC #2 68.5 10

Geal

AT R

Fig. 2. Heat load and external supply of waste heat during test period
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Fig. 3. Transient change in System Margina Price during test period
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Fig. 4. Simulation result for optimal operation

Table 8. Mean value and standard deviation of heat load

Mean of heat load (Gceal/h)

standard deviation of heat load (Gcal/h)
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Table 9. Result of calculating aternatives for estimating optimal capacity

CHP capacity PLB capacity Total capacity
(Gcal/h) (Gca/h) (Gcal/h)

present 435 242 677
aternative 1 199 478 677
aternative 2 285 392 677
aternative 3 371 306 677
dternative 4 457 220 677
aternative 5 543 134 677
aternative 6 629 48 677
adternative 7 715 -38 677

Table 10. Predicted changes of construction cost and profit for different aternatives

Congtruction cost increase (A) Profit increase(B) A/B
(million won) (thousand won) (won)
dternative 1 -61,360 -3,604 -17,027
dternative 2 -39,000 -4,022 -9,697
adternative 3 -16,640 -4,214 -3,949
aternative 4 5,720 -4,155 1,376
dternative 5 28,080 -4,002 7,017
dternative 6 50,440 -2,626 19,208
ol dAEY CHPEFS Eo]il PLBEF< H A, AHE ZRALE AA &9 A
719 o] Wag Aoz eyt of AEEAS AATFORA FEHS WEFHY
o ARIAte] A% Y dRs) wase 95
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AP Sojol gulstel dulgs TA E&sgom,
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