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Multi-Objective Operation Strategy for Low Carbon Industrial Integrated

Energy System Based on Knee Point-Driven
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Abstract: The operation strategy of an integrated energy system is crucial to achieve complementary advantages among various

energy sources. Therefore, a day-ahead multi-objective optimal operation strategy for low carbon industrial integrated energy system

based on knee point-driven is proposed. Firstly, the mathematical model of an electric-gas-heat industrial integrated energy system

with an automatic assembly line production system is developed. Then, the multi-objective optimal operation model with the goal of

minimizing the energy consumption cost and carbon emissions for the industrial integrated energy system is formulated. Finally, a

knee point-driven approach is developed to solve the multi-objective optimization problem. Experimental results show that the knee

point-driven multi-objective optimal operation strategy can make full use of time-of-use electricity price and the dispatchable loads to

reduce energy cost and carbon emission.
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Fig. 1 Industrial integrated energy system
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Fig. 2 Industrial automatic manufacturing system
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Tab. 1 Industrial automatic manufacturing line system
parameters including machine production rate ny, machine

power £, and buffer storage capacity C;
THS i=1 =2 i=0
n/(fF+n™) 300 400 300
j=1 P, kW 18 15 56
c/ 600 1200 900
n(PF-h") 300 300 200
j=2 P /KW 18 30 34
Cc N 600 1200 4000
n/(PFh) 200
j=3 P, kW 35
(ol 1000

®2 BARGSHARGESH

Tab. 2 Parameters of electrical and thermal energy systems

ARG S8 ol
Pg"if].max' P;il{, mux/kw 380
EEIW Cco -1
pooi/ (kg-kWh™) 0. 968
4t Cy/kWh 120
E.min'E.max [01, 09JXC
Hin LEs B g
PB‘.Smax’ P;.max/kw 40
n%s My 0.98
P kW 40
EE,}ZS‘ZJ:.‘K EHP, max’
Cop 2.5
Hgp ol kKW 60
0.8
R Tor
B,/ (KWh-m ™) 10. 8
S (kg-m™) 2.376
AhE Cr/kWh 90
E, mins E1s,max [0.1,0.9]xC,
it |:d' . ] TS
Hig x> His, ma/ KW 30
NS M 0.95
*3 HEEM
Tab. 3 Time-of-use electricity prices JE/KWh
I i) Kk
00:00—07:00 0.319
08:00— 10:00 0.794
10:00 — 12:00 1.331
12:00— 14:00 0. 794
14:00— 19:00 1.331
19:00 —00:00 0.794
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50k
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Fig. 3 Profiles of PV power generations, base electric loads,
and base thermal loads
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Tab. 4 Energy costs and carbon emissions for different
operation strategies on cloudy days

~ min £, (x) min £, (x) min (f,(x), £,(x))
L O Corin
£,(OE 3189.2 3708. 1 3309.9
£(x) kg 4278.2 4209.9 4216.7
fi(x) 0 1 0.2326
00 1 0 0. 099 6
Ji0) + £ (x) 1 1 0.3322
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Tab. 5 Energy costs and carbon emissions for different
operation strategies on sunny days

~ min f,(x) min f,(x) min (f,(x), f,(x))
sttt "GN T ot
St 1362.7 1770.5 1451.2
£, (x)/kg 2546.5 2299.8 2341.9
fi(x) 0 1 0.2170
f(x) 1 0 0.1707
f1(x0) + f,(x) 1 1 0.3877
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Fig. 4 Integrated energy system operation strategy status
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Tab. 6 Operation mode of automatic manufacturing system for
different strategies

m m m,

2] ¢ my,
111 000 000 101 000 000 000

12 13 21 22 01 02

2 110 111 000 110 101 000 000
3 011 010 111 111 110 000 000
4 111 111 111 101 101 101 000
5 101 111 111 110 111 111 101
6 111 101 111 100 101 000 101
7 111 111 111 101 100 101 111
8 100 100 111 101 111 111 111
9 000 000 111 000 000 010 110
10 011 011 111 010 011 100 111
11 111 111 111 011 111 011 111
12 111 111 111 011 111 111 111
13 111 111 111 011 111 111 111
14 111 111 111 110 111 111 111
15 111 000 111 011 111 010 111
16 000 100 111 000 000 111 111
17 000 001 000 000 010 000 010
18 000 010 010 000 000 010 011
19 000 000 111 000 000 000 111
20 000 010 101 000 011 101 111
21 000 101 111 000 010 111 111
22 000 000 111 000 000 010 111
23 000 000 000 000 000 101 111

24 000 000 000 000 000 000 111
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Fig. 5 Comparison of Pareto frontiers
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