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Collaborative optimization of energy management and production process of an industrial park
microgrid based on a generic production process model
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Abstract: The energy supply of an industrial park microgrid and its dynamic production process are tightly coupled. By
flexibly regulating the energy consumption plan and participating in the power distribution market, the cost of purchasing
electricity can be further reduced. This paper presents an optimal model and method of energy management and
collaborative scheduling of production processes in industrial park microgrids that participate in the power distribution
market. The model is based on a generic production process model and incorporates ground source heat pumps to enhance
energy efficiency. First, this paper proposes an energy consumption framework for an industrial park microgrid that uses
ground source heat pumps. A general model is established to illustrate the relationship between industrial production
processes and energy consumption. Then, a bi-level energy management model based on the generic production process
model is constructed to participate in the power distribution market. The industrial park microgrid energy management
and production process scheduling collaborative optimization model is the upper model, and the distribution market
clearing model is the lower model. Power and price information are exchanged between the bi-level models. Next, based
on the KKT conditions, duality principle and large M method, the bi-level model is transformed into a mixed-integer
second-order cone programming (MISOCP) model. Finally, taking a short-process steel plant, a cement plant and other
typical industrial parks as examples for case studies, the results show that the proposed method can effectively model the
industrial production process, reduce the energy cost of industrial users, and relieve the pressure of power grid peak
regulation.
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Fig. 1 Schematic diagram of the bi-level architecture of the

industrial park microgrid and power distribution system

FE TV el X G R 4 2 1 5 TPO A B SL I8 R
Z 5T ERZ S, ETHET AR HE

W (4715 532 B B3 4 (distribution locational marginal
price, DLMP), ffill % el [X. P4 8 i 2 65 B0 A0 AR 7= i A%
(R FE R, DAA E A DSO PR FEL &, ATk 2] %
CHBERA B (). fERCHMZTH, DSO 4 DG
HUES R U SN AT [ o G SRR =S N 1N ]
5 SR LA M, P PR b %7 s R R A7 A SR A 554
ST, & A DLMP. #E4k,
IPO #EZ 5ECHLTT AN, T %18 DSO $#258 H i B4k
PrFi I B B S RS B, IR R D HE T 3 1
S50 MR, LT HUETS 2R DLMP 4 5e
M b el X ol F TR F A B SRS
1.2 SRR Tl = X e M A sE 2R

FE Tl el X Gl R A, TN el (X 3 e e el (X
NZ Rl S — MR REEE B, (RIE T
B & PORIER S S RN, . ZEFLRETT TH
HALAE R 1 T el DX A R D6 AR A FL B B M AM S T FE DY
VR, AR bl X B A P LR SR FEV AR T T
ARG NHERIRE RS, 2 bl X B AR ) v T RE 7R
Ky EAREITE, SRR .

PR R G DA R RE ORI, b R
an 7 BE R ORE), SRR IR R X, AL
4 B8 22 #(coefficient of performance, COP)# =, HE
U AERE T AE L RE 3 5 DL EIFAGE. RGBT 2
WA R 2 e/, HATH R drK, 8178
w4, RREtEE, RATTRMK R,
T gl L D v R P R AR R I 4 R A R
I, ARSI HIREIAGE R G, PRAE Tl el X L
Y. FABRI R, B TE XA H A

R IBAT IR B 2 B . DAINEVIERR
BRI R IR RGN TR, Rl &K
S AR B, VA 28R AT 5] 3
Bl Rl A2V E J, e m R . 4
Il ARSI R bR, BRJa K R PR

=5 i
IR : > =
- A T !iitiiu— r, | s
Bl e ] T N
Fi U | pmiorin A = Ly Y

== = i 0 | =AuiE

! [
— - M A Y ®
i =2 ) B
A |
]’ ﬁlf«—f‘ !
i mab_ L 4@
i | L e e by (G AR
f ) N
o AT K I
Bk
- 8
> U
2 HRAREITIRIEE

Fig. 2 Operation principle of ground source heat pump
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in different scenes
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