Korean Chem. Eng. Res., Vol. 50, No. 3, June, 2012, pp. 479-491

ASTHAHZHE HEZZ0 278 S XAy AILES| 2K
Ol7|F - Zzhst* - o7t

steFdista glsharstag
133-791 A&A] 35T AdE 17
A&l st ey et}
135-743, A&A =97 5%
(o11d 12€ 14 5, 2012 1€ 30 A1)

Optimization of Integrated District Heating System (IDHS) Based on
the Forecasting Model for System Marginal Prices (SMP)

Ki-Jun Lee, Lae-Hyun Kim* and Yeong-Koo Yeo®

Department of Chemical Engineering, Hanyang University, 17 Haengdong, Seongdong-gu, Seoul 133-791, Korea
*Department of Chemical Engineering, Seoul National University of Science and Technology,
Gongneung-dong, Nowon-gu, Seoul 135-743, Korea
(Received 14 December 2011; accepted 30 January 2012)

o OF
i) =

T oH

2 LAXAE eIk HAstel] QlotMs EFF AA@ AlEe] ol§Hsl o 1Y st d oS W
St FAloll T Ay AR AR 2ol whE A EgHl8-s SATTR silth Ao UIES
e @ Y o] A ok Tl ol F X ehs T 0% thro] HAskE Yo R A W
I 2RI 4= 3MSit. of=e] ASEATA ASEe] ddf 5H ASEATAT} A Al
AV A S 77t A8kl HASE Mdstal 21 AukE vl itAsiltt. A RAL At s H A3 SGA
] f=sel sl E5 AHUAIARE ouA] a8de] SRS SRl ¢ itk

Telxds FEAtel Ak, d AGA SR AAMEN AR AR S3 AR AR Y] A S ksl

Abstract — In this paper we performed evaluation of the economics of a district heating system (DHS) consisting of
energy suppliers and consumers, heat generation and storage facilities and power transmission lines in the capital region,
as well as identification of optimal operating conditions. The optimization problem is formulated as a mixed integer lin-
ear programming (MILP) problem where the objective is to minimize the overall operating cost of DHS while satisfying
heat demand during 1 week and operating limits on DHS facilities. This paper also propose a new forecasting model of
the system marginal price (SMP) using past data on power supply and demand as well as past cost data. In the optimi-
zation, both the forecasted SMP and actual SMP are used and the results are analyzed. The salient feature of the proposed
approach is that it exhibits excellent predicting performance to give improved energy efficiency in the integrated DHS.

Key words: District Heating System (DHS), Integrated District Heating System, Mixed Integer Linear Programming,
System Marginal Prices (SMP)
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Month o B Month o B
March 0.4 0.6 August 0.2 0.8
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May 0.4 0.6 October 0.55 0.45
June 0.05 0.95 November 0.25 0.75
July 0.25 0.75 December 0.27 0.73
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Fig. 1. Results of prediction on power load (April 18, 2009~April

24, 2009).
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Fig. 2. Results of prediction on power load (July 18, 2009~July 24,
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Fig. 3. Results of prediction on power load (October 17, 2009~Octo-
ber 23, 2009).
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Fig. 4. Results of prediction on power load (December 12, 2009~
December 18, 2009).
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Fig. 5. Results of prediction on power supply in 2009.
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Table 2. The lists of regional DHS in KDHS
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Table 3. Heat distribution networks in KDHS

(A) Sector A (A) Sector A
No. Branch Name Plant/Demand Branch Network (A—>B)
1 Ployang Plant No. A B
2 PSangam Plant 1 PGoyang Psangam
3 PJungang Plant 2 PGoyang PJungang
4 Ppraju Plant 3 PGoyang Praju
5 DGoyang Demand 4 PGoyang DGoyang
6 Dsangam Demand 5 PSangam PGoyang
7 D,/ungang Demand 6 PSangam PJungang
8 Draju Demand 7 PSangam DSangam
(B) Sector B 8 Poungang PGoyang
No. Branch Name Plant/Demand Branch 9 Poungang Psangam
1 PGangnam Plant 10 Pungang D.jungang
2 PDongback Plant 11 Praju PGoyang
3 PsuwonNih Plant 12 Praju Draju
4 PBundang Plant (B) Sector B
5 PSuseo Plant No Network (A—>B)
6 PSuwon Plant ' A B
7 Prongin Plant 1 PGangnam Psuseo
8 Phwasung Plant 2 PGangnam Dsongpa
9 DsSuwonEst Demand 3 PDongback Dionginsth
10 DSuwonNih Demand 4 PDongback DonginDB
11 DBundang Demand 5 PSuwonNih DswuwonNih
12 Dseocho Demand 6 PBundang Prongin
13 Dsongpa Demand 7 PBundang DBundang
14 DionginSth Demand 8 PBundang Dsongpa
15 DyonginDB Demand 9 Psuseo PGangnam
16 DHwasung Demand 10 Psuseo Dseocho
11 PSiuwon DsuwonEst
12 PSiuwon DswuwonNih
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Table 4. The lists of CHP and Heat Plants in KDHS
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Table S. The lists of Accumulator, Incinerator, Hanjun Supply in KDHS

(A) Sector A (A) Sector A

No. Branch Name Types No. Branch Name Types

1 PGoyang PLBso 1 PGoyang Accumulator

2 PGoyang PLBso 2 PJungang

3 Psangam PLBwG 1 PGoyang Incinerator

4 Psangam PLBwG 2 PSangam

5 Psangam GRB 1 PGoyang Hanj un Supp ly

6 Poungang PLBwG 2 Poungang

7 Prungang PLBwG (B) Sector B

(B) Sector B No. Branch Name Types

No. Branch Name Types 1 PGangnam

1 Psuwon CHP 2 PDongback

1 PGangnam PLBso 3 PBundang Accumulator

2 PGangnam PLBso 4 Psuseo

3 PGangnam PLBwG 5 PSiuwon

4 PDongback PLBwG 1 PGangnam

5 PDongback PLBwG 2 PBundang .

6 PSinvonih PLBi#G 3 Psinvon Incinerator

7 PSuwonNth PLBwG 4 Prongin
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Table 6. The SMP forecasting errors for 1 week of each season

Test Period MAPE RMSE
April 20, 2009~April 26, 2009 5.22 7.87
July 20, 2009~July 26, 2009 5.17 5.37
October 19, 2009~October 25, 2009 4.84 7.3
December 14, 2009~December 20, 2009 4.18 11
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Table 7. Overall operation cost

i)

oo

Sector A Sector B Total Cost
Actual data 7,173,949,107 12,223,683,252 19,397,632,359
Optimal data 6,600,904,178 8,674,103,739 15,275,007,917

Optimal data using predicted SMP 6,600,904,178

8,683,895,067 15,284,799,245
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