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Abstract

With the opening of the electricity market in the future and the establishment of the electricity
selling company, the electricity selling company can directly configure the energy storage system
to the power users at the end of the grid to smooth the power consumption curve of users. It can
also participate in FM market ancillary services to improve economy. In this paper, based on the
trading rules of multi-province power auxiliary service (FM) market, an optimal configuration
model of energy storage system is proposed, which takes into account both the hour-level scenario
of adjusting users’ power consumption curve and the 5-minute level scenario of participating in
FM market auxiliary service. Taking the actual cost per user year as the objective function and
considering various factors such as revenue, construction cost and operating life, this paper uses
an optimization solver in Nairobi to solve the problem. The calculation examples compare the ef-
fects of different operating life, construction cost and frequency modulation revenue coefficient on
the configuration results and annual revenue, which provides suggestions for the optimal confi-
guration of the user-side energy storage system and has certain engineering value.
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Figure 1. Working diagram of energy storage equipment
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Figure 2. Normalized FM signal
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Table 1. Optimal configuration results for different battery life

#* 1 FRBMEITES THRMEESR

HLIIZ AT 75 i (4F) R eI TT) e £ fi# e/ (MW/MWh) AT R GG
3 3.358694 1.34/1.90 2.27
4 3.356476 1.06/1.94 2.34
5 3.348691 8.76/14.19 3.35
6 3.344089 8.32/17.53 3.65
7 3.342426 8.68/22.57 4.10
8 3.341962 8.09/24.99 4.47
9 3.341627 7.43/27.63 4.83
10 3.342068 6.99/29.56 5.17
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Figure 3. Annual actual expenditure of users under different operation life
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Figure 4. Schematic diagram of user load regulation curve
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Figure 5. Schematic diagram of
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Table 3. Parameters of energy storage equipment
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Table 5. Comparison of principal return periods under different construction costs
F 5 FEEEZEATHASERELAXTEL

DZ B (T TEIMW)/ il IR AR/ EECIE R

= - -7 X WIEATF )
A& W (JTIC/MWh) (Jit) (Fi7t) Go) FRIIE AT H A/ (4F)
60/100 1945 771 2.52 5
60/120 2228 771 2.89 5
60/140 2512 771 3.26 5
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80/100 2220 771 2.75 5
80/120 2404 771 3.12 5
80/140 2863 771 3.71 5
100/100 2295 771 2.98 5
100/120 2578 771 3.35 5
100/140 2863 771 3.72 5
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Table 6. Optimal configuration results of energy storage equipment
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Table 7. Comparison of optimal allocation results under different construction costs with lower FM revenue

F 7. AEREEER THRMEELE R (BIR AL E)

RIESHOI) T EmC B/ R AEECIE Rl R IZ AT A i/

A 3% (J1 75/MWh) (MW/MWh) (*F) ()
60/100 80/126 359 5
60/120 10.52/16.43 32 5
60/140 8.98/13.97 35 5
80/100 19.79/31.57 341 5
80/120 8.76/14.19 3.35 5
80/140 8.91/14.02 375 5
100/100 7.46/15.26 3.18 5
100/120 7.45/15.14 36 5
100/140 1/1.94 2.93 5
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Table 8. Comparison of optimal allocation results under different construction costs with higher FM revenue
i 8. TEIEEHRA THRMRE ELE R LIRS EMILE)

A (JITTIMW)/ fif e B/ A% Gz A1 S 31 FLIMIZ AT 75

R ()i 75/MWh) (MW/MWh) () (°F)
60/100 80/127 3.27 5
60/120 80/124 3.73 5
60/140 9.40/14.65 3.27 5
80/100 80/127 3.56 5
80/120 12.21/19.15 33 5
80/140 9.10/14.13 3.49 5
100/100 25.27/40.12 351 5
100/120 8.79/14.20 3.35 5
100/140 8.98/14.01 3.72 5
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Figure 7. Return cycle diagram
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Table 9. Comparison of principal return cycle under different income
2 9. TRV E T AN & B3R B AT EE

ZRE TSI B AL Kap /(73 78) EE S RIED) HLIZ AT 75 A/ (4F)
10 609 3.95 5
15 660 3.64 5
20 715 3.36 5
25 771 3.12 5
30 828 2.90 5
35 885 272 5
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Figure 8. Return cycle and operating life change diagram
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Table 10. Comparison of operating life and principal return period under different participation limits
F* 10. NEE5EMRS THEITHG SRS ERELAZTEL
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