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An integrated urban energy system optimization method

based on segmented linearized modeling
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Abstract This study presents a flexible optimization framework for urban integrated energy systems, aimed at
meeting the energy demands of cities, reducing carbon emissions, and enhancing economic performance.
Firstly, based on the principle of cascading energy utilization, an urban integrated energy system incorporating
renewable energy sources is constructed. A novel, more practically meaningful high-precision inter-zone mod-
eling method is proposed, considering the impact of equipment capacity on both performance and economic pa-

rameters. Secondly, from the perspective of system feasibility, a flexible constraint on the construction area
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factor for the user-end is introduced, and the influence of area constraints on system performance is explored.
Finally, a new mixed-integer linear programming ( MILP) model framework is developed, targeting the mini-
mization of annual total costs and carbon emissions, integrating system equipment selection, capacity configu-
ration, and scheduling. The results demonstrate that, compared to the baseline scenario with unsegmented e-
quipment modeling, the annual total cost is reduced by 59% , and greenhouse gas emissions decrease by
29% . Furthermore, adopting a multi-objective optimization approach to balance system performance results in
a49% reduction in annual total costs and a 74% decrease in greenhouse gas emissions. By introducing the
piecewise high-precision modeling method and user-oriented flexible constraints, this study innovatively opti-

mizes the design and scheduling strategies of urban integrated energy systems, which provides an effective so-

lution for achieving sustainable urban energy management.

Keywords

linear programming; multi-objective optimization
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Fig. 1  Configuration of an integrated energy system for ur-
ban cities
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Fig.2 Power, heating and cooling loads
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Tab.1 Equipment efficiency parameters

2R /N i K7
M. 0.25 0.32 0. 40
N 0.30 0.35 0. 40
Mits 0. 88 0.90 0.93
coP, 3.00 3.20 3.80
MFc.s 0. 40 0.45 0.55

#2 WHERAEMRL GBI SHR

Tab. 2 Equipment linearization coefficients and operating
parameters

é&ﬁ a b lmin lmax lr
—— 0.776 8  0.2262 03 1 05
e 0.9221 0.0824 '
IR ER 0.5632  0.4297 0.2 1 0.3
HL PR 0.7132  0.2522 0.3 1 0.4
WS AL 0.9212  0.03644 0.2 1 0.3
LV AL 0.8775 0.09817 0.3 1 0.4
Vord
lﬁgﬂ{t% 2.8249 -0.1329 0.2 1 0.5
SRRt
V= ﬁq‘?*
LTI ) 5639 ~0.1157 0.2 1 0.5
5 I A} L 3l
F, i bl 0.5163 0.01968 0.2 1 0.5
R - - 0 1 0.3
POKFH - - 0 1 0.4
R - - 0 1 0.4
it & - - 0 1 0.4

#3 MEETFSH
Tab.3  Area factor parameters
EF'{E kW/m2
A, /NE HHR KA

IREAL 29. 1 45.8 105. 1
RS 420. 3 516.5 650. 5
B ARAE YRR 1947 194.7 194.7
W A= v L 73.8 110.8 143.9
H AT 213.1 275.9 359.2
CER i 19.2 19.2 19.2
== 2=
En Jﬁ?*@ 194.7 194.7 194.7
JIES SR H e ek
CEN 3000.0 3000.0 3 000.0
HOK A 2000.0 2000.0 3 000.0
BKEE" 2000.0 2 000.0 3000. 0
B e 3000.0 3 000.0 3000. 0

s B kW - h/m?,

2.2 fRULERWE
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IR B R e A . AT Sk e
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Fig.3  Comparison of optimization results between base

and segmented scenarios
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