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Optimal Sizing and Asset Utilization Efficiency Analysis of the Distributed Multi-energy System

Considering the Energy Substitution and Load Uncertainty

WANG Sheng, DING Yi
(College of Electrical Engineering, Zhejiang University, Hangzhou 310017, Zhejiang Province, China)

Abstract: The integration of multiple energies, such as
electricity, gas, and heat, enables the coordinate operation of
the distributed multi-energy system (DMES) to promote its
flexibility and efficiency. Vast investments of energy supply and
conversion equipment will definitely improve the flexibility, but
the cost will increase simultaneously. With the comprehensive
consideration of energy substitution and load uncertainty, the
optimal sizing and asset utilization are discussed in this paper.
Firstly, based on the typical configuration of DMES, the optimal
strategy of energy substitution is explored using the concept of
Energy Hub. Considering the impacts of energy substitution
on asset utilization and load uncertainties in the long term, the
optimal sizing of the energy supply and conversion components
in DMES is formulated as a two-stage robust optimization
problem. Furthermore, the asset utilization efficiency is then
studied along with the benefits of energy substitutions. Finally,
validated in the test case, with the proper energy substitution and
optimal sizing strategies, the asset utilization efficiency can be

maintained at a relatively high level.

Keywords: distributed multi-energy system; optimal sizing;
asset utilization analysis; energy substitution; load uncertainty
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Table 2 Optimal sizing results with different uncertainty budget
THEM CHPRRE/™ GBfFHZE EHPF#Yil ABHIAHE

2 RAREBAW  BAkW  ABEAW kW
0 184.91 157.67 1095.29 102.48
1 212.65 181.32 1141.72 117.86
2 212.65 181.32 1141.72 117.86
3 212.65 181.32 1141.72 117.86

R AR B MK R R A S PRBL 3R «
AT, A4 0 HE RIS B .
SR B ST MRS 1, EHPRIABH1Y )
SRR, SIS PSR A2, R 1
B T BRI . S PR X A TS AR

— 0, AT LA BB AN A s, iR
WA I8 T AR Xt — 2D RE 1 e ALK
IR 2R IR A SCBAZIB T T IR

— RME R —— RN ERERR ——CHP o
——GB "#iy%  ——EHP i  ——EHP Hli& TR
500 9| —— AB fil h3
——TI=0
400 {=—I=1
—A—T'=2
=
< 300
¥
=
s
19
2 200
=
&

1004

B3 AEAHEMHKETZFEENHIEITRR
Fig. 3 Daily operating conditions of devices under different
uncertainty budget

250 /v v v

—o— R LA
—A—GB il
—V—EHP 3%
—0— AB T

50

FHIT B T /KW

FHEHES H
B4 AREAHE MK TR EHFHETRR

Fig. 4 Average operating conditions of devices under different
uncertainty budget

AFEAHEESECT S RAR LI PR . [l LA
R, RET=1LREBORA A f i, B Haz
T ARG L T ME T T A, Bea e wink
ARBIN, 25 B 0.67%. B, RIS, %
TERTT GBI T oK BRI E 9 -

Nt LWFF I H N AR B Is A IR DL, EHR
U=3IF 808 LAEGE— 00 . WNER4MTR, TEARIR) Y5
T 4 AR IR . EHPH T HAS R EERL, ZH]
TG AL 8 S AV AR, T S



Vol. 2 No. 5

FEE. EERSEEMIRENEEENXKESSRERRRMUEST SEMAES T 431

£ RERBEESHTFHBA

Table 3  Costs with different uncertainty budget
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4 5.9270X 10’ 5.8835X 10’
5 5.9822 %10’ 5.9387X 10’
6 6.0438 X 10 6.0003 X 10’
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Table 4 Operating conditions of devices under different scenarios
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