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Regional integrated energy system with multiple functional areas



a4 ® D 8 it b $41%
R HATNGEXMA A AERMER
Table 1 Typical daily energy production and consumption characteristics of typical functional areas
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Table 3 Capacity planning results of physical storage in

four functional areas without considering EV

mobile storage
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Table 4 Capacity planning results of physical storage in
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Table 5 Capacity planning results of physical storage in four functional areas under different values of o, in target year
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Table 6 Capacity planning results of physical storage in
four functional areas under different values of J,

in target year
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Fig.2 Impact of heating system thermal inertia J,

on office area operation
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Fig.3 Operation situation of typical daily maximum

output scenario of industrial area in winter
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Multi-storage planning of integrated energy system considering
functional area difference and virtual storage
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Abstract: Integrated energy system positively contributes to the horizontal complementation of various energy
forms including cooling, heating and power etc., and multiple vertical coordination among “sources, grid,
demands and storages”. The cooling and thermal production and consumption are balanced within each
functional area,and the power system is operated as an energy hub. Based on this,the difference characte-
ristics of “sources, grid,demands and storages” in typical functional areas are analyzed,including the spatial-
temporal characteristics of EV(Electric Vehicle),the flexibility of cooling and heating loads,and the thermal
inertia of a heating supply network. Then, the virtual storage characteristics of EV, cooling and heating
loads and heating supply network are exploited. Moreover,a physical storage(equipment) planning model of
a regional integrated energy system is developed,which considers the differences of energy exchange capaci-
ties and the storage equipment costs in the functional areas. Numerical results of an integrated energy system
represented by a new district including residential, office, commercial and industrial subareas demonstrate
that the optimal scheduling of integrated energy system with multiple functional areas considering virtual
storage can improve the elasticity of whole system and networking benefit,and it can effectively reduce the
physical storage capacity required to accommodate renewable energy.

Key words:integrated energy system;functional area;difference;virtual storage;physical storage
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Table B1 Parameters of tie-lines
I 2k s IRHIERRIMW  Fidr/a

Ja R -Ip A X
NNk
Tk X-Fak X
F b X - R X

JKLYJ-20-240 8.66 20

F B2 TMX CHP #lLAMN TR A RE
Table B2 Fuel cost coefficient of CHP units in industrial area
B34 Hl RH Hifh
ay, G 1650 | a,,/[7C * (MW +h)?] 345
a, /[t « (MW« hy"] 1450 | a,,/[)C* (MW +h)?] 30
a,, /Dt (MW-h)'] 420 | a;, /[t (MW-h? 31

% B3 ARG FIEERLY
Table B3 ARMA model coefficients of heating system

J; Hi g 4 Y, ?; @

0 0.2112  0.3317

1 05721 -0.0243 -0.3169 0.6991  0.1011  0.1998
2 0.0607 -0.0104 0.1741

% B4 ERERAABRERNEE
Table B4 Installed capacity of cooling, heating and power equipment
in four functional areas

Hfr: MW
Difelx PV WT  CHP EB HP EC AC
ERX 656 20 10
BAX 656 25 10
FLIX 656 30 15
TokX 146 48 40 20 10 10

% BS EUMREXAZAAREHEXSH
Table B5 Relevant parameters of controllable cooling and heating load
in four functional areas

Dfiglx ar Br or
S REIX 0.2 0.25 02
IPAX 0.4 0.45 0.2
B 05 0.45 0.2

TbIX 0.3 0.4 0.5
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Fig.B1 Multi-energy load characteristics and correlation of functional areas

< B6 R{ILRERERSHE
Table B6 Parameters of unit physical storage

. PEHEAITG « (MW = hy'] W%
SEARfH R IR IKW HEI(KW « h) A - Qi . : pa—
ERK  BAK @K WK Al ok
it 50 100 1600 1100 1000 650 075 075 135
fifi A 50 100 700 650 500 300 090  0.90 15
Fa e 50 100 750 700 550 350 065 065 15

% B7TEV BN Z= Wi E
Table B7 Space-time distribution probability of EV

hhglx 00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00
Jii R IX 0.82 0.82 0.82 0.82 0.82 0.78 0.57 0.48 0.12 0.04 0.04 0.10
IAAIX 0.06 0.06 0.06 0.06 0.06 0.06 0.14 0.23 0.37 0.40 0.40 0.37
FkIX 0.07 0.07 0.07 0.07 0.07 0.08 0.15 0.16 0.18 0.16 0.18 0.17
TkIX 0.05 0.05 0.05 0.05 0.06 0.08 0.14 0.23 0.33 0.40 0.38 0.36
DigeX 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
Jir R IX 0.08 0.04 0.04 0.04 0.09 0.23 0.37 0.47 0.66 0.72 0.80 0.82
AKX 0.40 0.39 0.38 0.37 0.31 0.26 0.17 0.12 0.08 0.07 0.06 0.06
FLIX 0.14 0.20 0.21 0.24 0.30 0.22 0.29 0.28 0.19 0.15 0.08 0.06

TlbIX 0.38 0.37 0.37 0.35 0.30 0.29 0.17 0.13 0.07 0.06 0.06 0.06
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Fig.C1 Impact of EV mobile storage characteristics on system operation
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Fig.C2 Impact of controllable heating load parameter a; on residential area operation
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Fig.C3 Impact of PMV on commercial area operation

% Cl B#ERRE J, TREFMR AT L

Table C1 Target year costs comparison under different values of J,

Jo MR AT G AT AT 76 BIRALT 58
4221.1 2657.8 6878.9
1 4099.3 2479.1 6578.4

2 4064.4 24457 6510.1
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Table C2 Physical storage planning results in four functional areas
before interconnection

R b fifi AR TR

n=1 n=2 n=3 n=1 n=2 n=3 n=1 n=2 n=3
R 4 8 14 101 118 6 7 12
HAK 0 3 6 23 32 8 12 15
FkX 0 6 11 46 66 22 28 31
TokIX 83 83 83 162 179 86 92 96

TS p, TEREXBKMBIRINRE R B FFRFAR

Table C3 Annual abandoned new energy power rate of functional areas before and after interconnection
under different price punishment of new energy power abandonment p,

156 P /% 156 M 5/%
MEEX  p, =100 £, =300 2,=600  p,=1200  p,=100 £, =300 2,=600  p,=1200
JEIKW + h)  JEIKW « h)  JEI(KW = h)  JE/KW « ) JEIKW = h)  JEIKW « h)  JG/KW < h)  JE/(KW + h)
X 263 212 1.99 141 1.30 0.85 0.78 055
IMAK 1.21 1.02 0.83 0.64 0.34 0.30 0.25 0.17
ERIASS 1.87 1.58 1.02 0.88 052 0.36 031 0.24
Tk 2.32 201 1.34 112 057 051 0.44 0.32
il 2.01 1.68 1.30 1.01 0.63 051 0.41 022
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