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Fig.1 The schematic diagram of steam power system
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Steam demands and power demands in

Tab. 1

each period

. HP K/ MPiR/  LPR/ W) R/
TTGen ) (teh ) (teh ) (kWeheh D
1 86 118 110 8520
2 72 65 82 10 150
3 80 103 56 11 600
4 70 61 12 13 230
5 72 80 45 9 000
6 90 86 104 8 560
k2 MHBH
Tab. 2 Parameters of fuels
R ik i 12 HAE/ K/ iRk A
ik I3E % (k) kg ) ($ -t ©F/%
s 84.0 24 000 117 98
JREL 88.0 41 868 390 98
KRR 78.0 49 257 324 99
af gE vk 7.5 420 000 — 99
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Tab. 3 Total cost corresponding to different unit price 90+ + iﬁwm
of combustible ice 89+ . ' ‘.ffﬁi
500 880 467. 4 4 650 937 772.1 r/($-t-1)
1ﬁ2 :gf: jﬁ giﬁf 2 DB R R S SR TR K O R
5 5. 5 ¢ . N
2 000 901 180. 0 4 800 939 843.4 RS
5 500 908 084 2 1 850 010 533. 8 Fig.2 Total cost using coal, fuel oil, natural gas.
3 000 914 988. 3 4900 941 224. 2 combustible ice as fuel
3 500 921 892.5 4 950 941 914. 6 96
3 550 922 582. 9 5 000 942 605.0 95+
3 600 923 273. 4 5050 943 295.5 94 r
3 650 923 963. 8 5 100 943 985. 9 » 93r
3700 924 654. 2 5150 944 676.3 e 92r
3 750 925 344.6 5 200 945 366. 7 = 91
3 800 926 035. 0 5 250 946 057. 2 aar
3 850 926 725. 4 5 300 946 747. 6 el L
3900 927 415.9 5 350 947 438.0 8'80 1000 2000 3000 4000 5000 6000
3 950 928 106. 3 5 400 948 128. 4 r($-t")
4 000 928 796, 7 5 450 948 818. 8 B3 FMRKT B BN 5 xRS
4 500 935 700.9 5 500 949 509. 2 dﬁ é£ EH;L/EI\
4550 936 391.3 6 000 956 413.4 Fig.3 Curve fitting of different unit price
4 600 937 081.7 combustible ice and corresponding total cost
T4 UEABRBHMEREEAER
Tab.4 The optimal operational results using coal as fuel
Bl Bl B2 B2 B4 B4 BT1 BT1 BT2
JE 9 IR/ JREL/ R/ HEEL/ IR/ HREL/ IR/ Yy / IR/
(t+h™) (t+h™) (t+«h™ +hH +h™ (t+h™) (t+h™D kW (t+h™D
1 119. 8 0.015 129.2 0.016 65 0.007 5 18 566. 1 18.0
2 97.6 0.012 121. 4 0.015 0 0 18 566. 1 18.0
3 111.8 0.014 127.2 0.015 0 0 75 6 433.0 23.6
4 115.8 0.014 66. 1 0. 008 0 0 75 6 433.0 19.0
5 91.8 0.011 105. 2 0.013 0 0 18 566. 1 18.0
6 102.0 0.012 113.0 0.014 65 0.007 5 18 566. 1 18.0
BT2 BT3 BT3 BT4 BT4 BTS BT5 V1 V2
JE 9 W&/ 7RI/ VIEY IR/ W/ ZRIR/ i/ IR/ IR/
kW (t«h™ 1) kW (teh™ 1 kW (t«h™ 1) kW (te«h ') (t+h™ D)
1 566. 1 67.2 5628.2 13 625.4 40.0 5295.1 59.8 57.0
2 566. 1 74.2 6 353.4 13 625.4 21.2 2 038.9 36. 8 47.8
3 1143.6 18.0 566. 1 13 625.4 25.8 2 831.9 42.4 17.2
4 665.9 18.0 566. 1 13 625.4 38.0 4939.6 0 0
5 566. 1 50. 4 3899.7 13 625.4 28.17 3342.7 38.6 3.3
6 566. 1 35.9 2412.4 13 625.4 34. 8 4 389.9 53.1 56.2
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Tab.5 The optimal operational results using fuel oil as fuel

Bl Bl B2 B2 B3 B3 BT1 BT1 BT2
JA A I/ R/ R/ SRR/ I/ EEE/ 7RI/ Y/ I/
(teh ™) (teh™") (tehH (teh) (teh') (teh) (tehD kW (t+h™ 1)

1 124.5  0.0086  124.5  0.0086 65 0.004 3 18 566. 1 18
2 95.6  0.0066  123.4  0.008 6 0 0 75 6 433.0 23
3 1141 0.0079 1249  0.0087 0 0 75 6 433.0 40
4 60.0  0.0042  122.0  0.0085 0 0 75 6 433.0 19
5 67.8  0.0047  129.2  0.0090 0 0 18 566. 1 18
6 87.5  0.0061  127.5  0.0089 65 0.004 3 18 566. 1 18

BT?2 BT3 BT3 BT4 BT4 BT5 BT5 V1 V2

JE 5 W/ IR/ VIE-Y IR/ W/ IR/ VIEY IR/ IR/
kW (t+h™ D) kW (teh™ b kW (teh™ b kW (te+h™ ') (t+h™ b

1 566. 1 67.1 5623.0 13 625. 4 38.9 5105.7 59.9 58.1
2 1072.0 18.0 566.1 13 625. 4 17.8 1453.5 31.1 51.2
3 2812.4 18.0 566. 1 13 625. 4 16. 1 1163.0 26.2 26.9
4 665. 9 18.0 566. 1 13 625. 4 38.0 4.939.6 0 0

5 566. 1 73.6 6 286.7 13 625. 4 14.9 955.7 15. 4 17.1
6 566. 1 39.2 2 743.7 13 625.4 32.9 4 058.7 49. 8 58.1

K6 URBANBB M RBEATER

Tab. 6 The optimal operational results using natural gas as fuel

Bl Bl B2 B2 B4 B4 BT1 BT1 BT2
JEl 1A IR/ WK/ IR/ REE/ IR/ WK/ IR/ W/ IR/
(teh ™ (teh™ " (teh ) (teh) (teh (t+h ) (teh D kW (t+h™ D

1 124.0 0.007 3 125.0 0.007 4 65 0.003 7 18 566. 1 18.0
2 130.0 0.007 7 89.0 0.005 3 0 0 75 6 433.0 19.2
3 112.3 0. 006 6 126.7 0.007 5 0 0 75 6 433.0 25.2
4 113.8 0. 006 7 68.2 0.004 0 0 0 75 6 433.0 19.0
5 104.0 0.006 1 93.0 0.005 5 0 0 18 566. 1 18.0
6 101. 9 0. 006 0 113.1 0.006 7 65 0.003 7 18 566. 1 18.0

BT2 BT3 BT3 BT4 BT4 BT5 BTS V1 V2

3 U/ 7RI/ PIEY I/ U/ I/ DI I/ 7RI/
kW (t+h™h kW (t+h™ kW (t+h™h kW (t+h™" (t-h™D

1 566. 1 67.3 5643.0 13 625. 4 38.1 4964. 4 59.7 58.9
2 684.5 18.0 566. 1 13 625.4 20.0 1841.0 34.8 49.0
3 1305.8 18.0 566.1 13 625. 4 24.8 2 669.7 40. 8 18.2
4 665.9 18.0 566.1 13 625.4 38.0 4939.6 0 0

5 566. 1 52.0 4 069.0 13 625.4 27.7 3173.4 37.0 4.3

6 566. 1 36.0 2422.5 13 625. 4 34.7 4379.9 53.0 56.3
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Tab.7 The optimal operational results using combustible ice with unit price 3 900 $ /t as fuel
Bl Bl B2 B2 B4 B4 BT1 BT1 BT2
JE 9 IR/ JREL/ IR/ Rk IR/ JREL/ IR/ I EY IR/
(t+h™) (t+h™) (t«h ™ -hH +h™") (t+h™") (t+h™D kW (t+h™D
1 120. 3 0. 000 83 128.7 0. 000 89 65 0.000 43 18 566. 1 18.0
2 96. 8 0.000 67 122.2 0. 000 85 0 0 75 6 433.0 18.0
3 111.4 0.000 77 127.6 0. 000 88 0 0 75 6 433.0 25.1
4 118.4 0.000 82 63.5 0. 000 44 0 0 75 6 433.0 19.0
5 105. 6 0.000 73 91.4 0. 000 63 0 0 18 566. 1 18.0
6 101.9 0.000 71 113.1 0.000 78 65 0.000 43 18 566. 1 18.0
BT?2 BT3 BT3 BT4 BT4 BT5 BT5 ! V2
JE 5 W/ R/ VIE-Y IR/ W/ &R/ VIEY IR/ IR/
kW (teh™ D kW (t«h™ 1) kW (t=h™ 1) kW (t«h ) (t+h™ D
1 566. 1 67.2 5 632.7 13 625.4 38.4 5013.4 59. 8 58.6
2 597.2 18.0 566. 1 13 625.4 20.5 1938.3 35.7 48.5
3 1296.9 18.0 566. 1 13 625.4 24.9 2678.6 40.9 18.1
4 665.9 18.0 566. 1 13 625.4 38.0 4 939.6 0 0
5 566. 1 46. 2 3 469.4 13 625.4 31.2 3773.0 42.8 0.8
6 566. 1 37.0 2524.1 13 625.4 34.1 4 278.3 52.0 56.9
®8 LB 4550 $/ IR AR REETER
Tab.8 The optimal operational results using combustible ice with unit price 4 550 $ /t as fuel
Bl Bl B2 B2 B4 B4 BT1 BT1 BT2
JEH IR/ SRRL/ IR/ REE/ IR/ WK/ IR/ R/ IR/
(teh ™ (teh™ " (teh ) (teh) (teh (t+h ) (teh D kW (t+h™ D
1 124.3  0.00086  124.7  0.00086 65  0.00043 18 566. 1 18.0
2 96. 6 0. 000 67 122.4 0. 000 85 0 0 75 6 433.0 19.9
3 111.8 0. 000 77 127.2 0. 000 88 0 0 75 6 433.0 25.8
4 67.2 0. 000 46 114.8 0. 000 79 0 0 75 6 433.0 19.0
5 93.1 0. 000 64 103.9 0.000 72 0 0 18 566. 1 18.0
6 102.0 0.000 71 113.0 0.000 78 65 0. 000 43 18 566. 1 18.0
BT2 BT3 BT3 BT4 BT4 BTS BT5 Vi V2
JE 39 IEY IR/ R/ IR/ Iy / I/ R/ IR/ IR/
kW (t«h 1) kW (t+h™ 1) kW (t«h™ 1) kW (t«h ') (t+h™ D)
1 566. 1 67.3  5636.5 13 625. 4 37.6  4869.2  59.7 59. 4
2 764.2 18.0 566. 1 13 625.4 19.6 1761.3 34.0 49,4
3 1367.3 18.0 566. 1 13 625.4 24.5 2 608. 2 40. 2 18.5
4 665.9 18.0 566. 1 13 625.4 38.0 4 939.6 0 0
5 566. 1 52.0 4 062.2 13 625.4 27.8 3180.1 37.0 4.2
6 566. 1 36.0 2423.4 13 625.4 34.7 4 .379.0 53.0 56.3
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Tab.9 The optimal operational results using combustible ice with unit price 5 400 $ /t as fuel
Bl Bl B2 B2 B3 B3 BT1 BT1 BT2
Ja IR/ WK/ IR/ Rk IR/ JRRL/ IR/ I IR/
(teh ™) (teh™ ™ (teh ) (teh') (teh) (teh ) (teh D kW (t+h™ b
1 130.0 0. 000 90 119.0 0. 000 82 65 0.000 43 18 566. 1 18.0
2 130.0 0. 000 90 89.0 0. 000 62 0 0 18 566. 1 18.0
3 110.1 0.000 76 128.9 0. 000 89 0 0 75 6 433.0 32.8
4 81.9 0. 000 57 100. 1 0. 000 69 0 0 75 6 433.0 19.0
5 130.0 0. 000 90 67.0 0. 000 46 0 0 18 566. 1 18.0
6 87.7 0.000 61 127.3 0. 000 88 65 0.000 43 18 566. 1 18.0
BT2 BT3 BT3 BT4 BT4 BTS BT5 Vi V2
JE 5 &/ IR/ YR/ EIR/ Iy / IR/ YR/ EIR/ IR/
kW (t«h™H) kW (t+h™ 1) kW (t«h™ 1) kW (t«h ) (t+h™ D)
1 566. 1 67.0 5 609. 6 13 625.4 40.0 5 289.9 60.0 57.0
2 566. 1 67.1 5623.0 13 625.4 25.4 2769.3 43.9 43.6
3 2 091.8 18.0 566. 1 13 625.4 20.3 1 883.7 33.2 22.7
4 655.9 18.0 566. 1 13 625.4 38.0 4939.6 0 0
5 566. 1 66.5 5 554.0 13 625.4 19.2 1 688.4 22.5 12. 8
6 566. 1 29.7 1768.0 13 625.4 52.0 7 360. 3 59.3 39.0
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Fig.4 The optimal schematic diagram of steam

power system
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Economic study of combustible ice in optimization of steam power system

NIU Teng's YIN Hongchao®', FENG Enmin*, LIU Hong'

(1. School of Energy and Power Engineering, Dalian University of Technology, Dalian 116024, China;

2. School of Mathematical Science, Dalian University of Technology, Dalian 116024, China )

Abstract: Combustible ice is known as the crown of 21st century new clean energy. Since the cost of
exploiting combustible ice is high. the unit price of combustible ice may be rather high in all walks of
life. So the economic analysis of combustible ice is meaningful. Aiming at a refinery engineering
project, the multi-period optimal scheduling of steam power systems is studied with minimizing the
total cost of all periods. Coal, fuel oil, natural gas and combustible ice are respectively used as fuel to
solve the proposed model by an improved differential evolution algorithm. Numerical results show if
the unit price of combustible ice lies in (0, 3 900] $ /t, combustible ice can replace coal, fuel oil and
natural gas as fuel; if the unit price of combustible ice lies in (3 900, 4 550] $ /t, combustible ice can
replace coal and fuel oil as fuel; if the unit price of combustible ice lies in (4 550, 5 400] $ /t,
combustible ice can replace fuel oil as fuel; if the unit price of combustible ice is higher than

5400 $ /t, then combustible ice can not replace coal, fuel oil and natural gas as fuel.

Key words: steam power system; optimal scheduling; combustible ice; alternative fuel; economic study



