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Abstract — This paper presents a numerical model of the optimal operation pattern of the CHP system
built for duel-purpose of power generation and district heat production. The model can be differently for-
mulated in accordance with the view of planner: society, electric utility or district-heating company. Here,
the operation pattern of the system components and the effect of heat price are of major interest in the
study. From the case study, it was found that the optimal use of auxiliary heating equipment is very im-
portant to achieve the minimum societal cost. And, the multi-step heat pricing scheme is desirable to in-
duce the voluntary behavior of both companies towards the societal optimal pattern.
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Fig. 1. Schematic diagram of CHP system with dis-
trict heating.
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Table 1. Marginal generation cost by time-band (W /kWh).

4 ATz AN Ay o

Day type 00-03 03-60 06-09 09-12 12-15 15-18 18-21 21-24
Weekday 2791 27.07 29.17 37.49 36.24 37.37 37.97 32.48
Winter
Weekend 23.63 23.82 23.87 24.17 24.28 24.03 2492 24.34
Weekday 27.46 26.02 27.58 38.65 38.47 38.49 37.63 31.99
Summer
‘Weekend 23.94 2291 23.21 24.76 25.07 25.20 24.89 24.84
Weekday 28.79 28.02 29.42 39.14 37.67 38.83 38.70 33.47
Spring/Fall
Weekend 25.52 26.79 26.05 25.28 25.55 25.87 24.65 25.05

F) BAFLS (13163 kWh 5).

Table 2. Heat price scenarios (W /Gcal).

Heat pricing scheme

Holiday (all times)

Weekend (all times)

Weekday (00-09)

Weekday (09-24)

Single price 4,092 4,092 4,092 4,092
2-step price 16,011 16,011 16,011 4,092
4-step price 16,011 12,098 8,985 4,092
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Fig. 3. Optimal operation pattern in winter (Case I).
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Fig. 4.

L

AAdg - AT - A E - PR L
CEAREMlAYARE) ] SAZDUI AL AR
&M PO 800 &0 50
50 /f L 50 50
w 0 w w0
£ | n i
g om mE ew x 2
§ o H,[ 0 2 g w2
~ N ~
n 0 g g‘ -~ | = a. 0@ w o 100 &
o e e - I S SO R
m il i a0 -0 -100
40 -0 -200 -200
12 3 4 % 8 1 8 1 2 3 4 5 & 1 8
(- gl T/ B e - wT0w| | [ g2y o83 EREYA - EHMN] 1
Optimal operation pattern in summer (Case I).
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Fig. 5. Optimal operation pattern during the weekday in winter (Case II).

Moade 1

od-& Az ol Mode 1.0.2 AAksle]

£4o] A A7HS Mode 3 -2391). alaL,

sichrt

L8 A7k el Wl it

b -2
Z£2]7)7]

ol A gl
L EREEETTID IR
o]} o] 4|22

3
NL
o
-
O
jas
o
o
2
o

= B P o /(-]
o) sk £u 8
9)&l4l CHPe} w34

J
2.
=

o] AM o vpehgtel.

Al X238 HSH HM2E 19964 92

3-3. THGAIURIS] £H2A el (Case ID

ol 4 71&ghule} o] 7k AljiAte] HA AL
2] Aztel 2ol 9l& % alr}. ole A Aol
Nelx| e 2] tzke] A3 Eo] vhEy] wFolr).

& AddE Vel bl 228 dsides,
A3 A2 40t B 2 BAFES] S
wH Fig 59 7th w9ix], 39 AP RAE 2oz
94 il,g_o] B g} ol drbde] AHAZFH| AH

B2 80y Azl o

2FeA e e Aol



12 3 4 5 § 1 8
[mmnigey CoaE/ME mEYLH LT

Fig. 6.
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Optimal operation pattern during the weekend in winter (Case II).
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Optlmal operation pattern during the weekday in summer (Case II).
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Table 3. Cost by optimization case.

ok
#a
&
>
to

Operating cost

Case Season/Day Electricity value Net cost
Aux. boiler CHP Total
Winter/W-day 2871 287.1 302.6 -15.5
Winter/W-end 21.8 122.0 143.8 85.5 583
! Summer/W-day 275.7 275.7 321.3 -45.6
Year Total 1,216 88,763 89,978 96,114 -6,136
Winter/W-day 344.8 344.8 356.0 -11.2
- Winter/W-end 226.6 226.68 158.6 67.9
Summer/W-day 299.0 299.0 47.6 -42.8
Year Total 105,996 105,996 110,673 -4,677
Winter/W-day 24 2757 2781 2929 -148
Winter/W-end 21.8 122.0 143.8 85.5 583
2 Summer/W-day 275.7 275.7 321.0 -454
Year Total 1,569 86,999 88,568 94,558 -5,990
Winter/W-day 287.1 287.1 302.6 -15.5
Winter/W-end 21.8 122.0 143.8 85.5 -58.3
3 Summer/W-day 275.7 275.7 321.0 454
Year Total 1,216 88,693 89,909 95,993 -6,084
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