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Figure 1 Time-of-use electricity price
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Figure 2 (Color online) Multi-energy system
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Table 1 Main equipment parameter information
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Figure 6 Energy costs of typical day in summer

6000 =
e PRSP (a)
s HhERINGE B
5000 = SMHEIP —
< 4000
=
= 3000
H
=
H 2000+
1000 ¥
0
fial (h)
4000
e T 65 (b)
s RINRAES
3000 F = % - POl
22000 JeiR :
=) —— B
Z 2000 ! Z
R EETEREY
gg Dogr ’g
iRy g
& 1000 LI
2D %A% AY N
* Z0 0y DEPED I
1 3 65 7 9 11 13 15 17 19 21 23
-1000

B¥iEl (h)

B 7 &R A e I . () BB T (b) BERLER
Figure 7 Equipment outputs of typical day in winter. (a) Heating out-
puts; (b) electric outputs

it16 W% &, BAMEAIRPLIZ 1T /T 2256 h,
SAESRBLA /N BCR 3696 h. LU B H (112
3 N2 s 2 . o Ak 353 g i RS H i
AEVR 28 14> 9 i 4.81x10%, 6.23x10* JT[4514.48%10%,
6.03x10* JT.

3.2 ZHEIRRE Y BRGSO B
BRI ZREIEAL A R G RAR 4 J8/Nm?

7000

mmes R RSB
s BB

—— DA

6000 |
5000 |
[ 4000}
& 3000}
2000

1000 +

fgial (h)

B8 AZulH RIS

Figure 8 Energy costs of typical day in winter

F2 RRAAEBEAMIERGAE HEERHEG T
Table 2 Energy costs of typical day with different ICE capacities

LR [ M M RS A
X RIS 2.85 1.96 4.81
H MR H
fetbiz 175K mE 2.60 1.88 4.48
fEG B T ik 2.27 4.02 6.29
K2 H
fetbiz 175K mE 2.18 3.85 6.03

(A B T T A, Ry ST 35 A R A ) R 48 % 1k
7% 8, VOB NI PLI /N, R 1250 kW.
TEIR R G Al b, 25 8 B 50 N BRAIL AL & B %
BB DRG], S HCNBRMLES 12000 kKW G HCH
B HUE Y3 1000 kKW RIHLE) . 2500 kW (28 HUH 15 4
FE TR A1250 kWHIHLAL), BRIFMEZ X 1Ll L
0,1 EL A Sy () st ) L A4 A% 19 80% (B I 0 FL 7
40.8), XF RGEMATIE AT AR .

MR BLA 2000 KW A B 2= il g0 5 4
R, ME PAPILAE A0, a7 HES N BRPLEE A
A HILAY A4 o R Ay PR o 0 (I BAGEE AR R B . B A
KB, WIAHLE B ADBIR R 5 & o 2 AU
WL B — A, X RS RIEA K.

Y PIRPLZS R 2500 kKW, KA LML 4
M, (BRI E LM 0.8, ki s R an
FIOfT /R, SHF~15HF Z [A], B 257 K i) H i 24y,
R AT DAGE i b P AN AR A o i 2 . B HL IR
B R A

WERIPIRATT 501, PN 25512000 kKWHT,
AT AIN1177.1x10% JC, MIHEA T & nT %
RAEZ1T 3 H6.1%. it —2 P 45502500 kWHF, H

3699



% b B O 2007THE11P £62% H32#H

F3 TAEEENBINERFFEREFERE T
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Operation optimization and improvement analysis of
multi-energy system

ZHANG Tao, ZHU Tong , CHEN Shang & WU Zhu

School of Mechanical Engineering, Tongji University, Shanghai 201804, China
* Corresponding author, E-mail: zhu_tong @tongji.edu.cn

With the ongoing economic development, the energy demands increase constantly in China. However, the environmental
pollution and energy consumption conflict with each other. The traditional combined cooling heating and power (CCHP)
system combined with renewable energy is becoming a key point of pelples’s discussion in recent years because of its
clean, efficient, reproducible and other prominent advantages. In this paper, an operation optimization model for the
energy system coupled of the photovoltaic system, the distributed energy system, energy storage system and the heat
pump system is introduced. The cool-storage technology is applied in this construction object. Therefore, the cooling
energy can be supplied through cool-storage equipment in the cold load peak time. Firstly, a regional multi-energy
system is introduced and the running characteristics of the multi-energy system were analyzed considering the power
consumption of main equipment and the optimal operation cost which was objective function. This main generator unit
includes two ICE which the generating capacity is 625 kW. The part-load characteristic of ICE, heat recovery boiler, the
receiver refrigerator are demonstrated for the multi-energy operation model. Secondly, an intelligent optimization
algorithm (firefly algorithm) is introduced to solve the operation parameters based on the multi-energy model, and the
system operation parameters were obtained according to different typical daily load demand. The simulation program is
compiled in Matlab, and the population size of firefly algorithm is 50, maximum number of iterations is 200 and the
number of convergence is about 120. Moreover, the operating cost and the equipment contribution in typical days are
showed in the results to analysis the running characteristics of multi-energy system. In the last, a case study is introduced
to demonstrate the feasibility of the firefly algorithm and the aim of the economic analysis is to verify the effectiveness of
improvement measures. The main power source includes power grid and ICE generator. The main cooling source
includes screw type refrigerator, absorption refrigerator and cool-storage. The heating source includes ground source heat
pump which runs all days on account of its less operating cost, gas-fired boiler and heat recovery boiler. The annual
operation cost is about 11.77 millon yuan when the capacity of ICE is 2000 kW, and is reduced 6.1% compared with
original design. A ratio of electricity buy-back price to electricity price is introduced to increase the economic of the
multi-energy. therefore, there are some benefits of sell electricity to back power grid. Moreover, The annual operation
cost is about 11.12 millon yuan when the capacity of ICE is 2500 kW and the ratio of electricity buy-back price to
electricity price is 0.8, and is reduced 11.3% compared with original design. The static payback period is about 4.43 years.
In summary, the improvement analysis to further reduce the system operation cost was completed according to change
the original design scheme. The results show that the optimization algorithm based on the firefly algorithm could more
accurate solve multi-energy system running status parameters optimization, the typical day energy cost could be
significantly reduced by increasing the capacity of the gas internal combustion engine units and the reasonable feed-in
tariff policy could further reduce the operation cost.

multi-energy system, operation optimization, firefly algorithm, distributed energy system
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