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Abstract: In the era of big data, the scale of data centers has been increasing year by year. A data center has high energy
consumption, high elasticity and interconnected load flexibility. However, current power system operational reliability
evaluation research ignores the load flexibility of the data center, resulting in inaccurate evaluation results and an inability
to reflect the energy efficiency status of the data center. This paper first proposes a data center load flexibility model based
on the interconnection between data centers and the off-site transfer characteristics of computing power loads. Second, a
power system operational reliability model including data center energy efficiency and operational reliability
contributions is established. Further, considering random factors such as electrical load, data center computing power load,
and wind and solar power, a power system operational reliability evaluation model considering data center load flexibility
is established, and a corresponding evaluation method is proposed. Finally, through simulations on the IEEE RTS and a
practical power system, the results show that the load flexibility of the data center not only contributes to the consumption
of renewable energy and the safe and reliable operation of the power system, but also helps the data center to save energy
and reduce consumption.
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Fig. 1 Reliability evaluation flowchart of power system operation

reliability considering data center load flexibility
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Table 1 Simulation results of IEEE RTS-24-bus system
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Table 3 Simulation results of real 661-bus system
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Table 4 Calculation time of operation reliability evaluation

758 S0 S1
THE A /s 1474 1615
HIFE R E K 26514 29 110
TR A]/s 0.05 0.06
:I:\
5 Zn 1@

Bl L RSO, HsReRE . Rk
AN EL IR T 368 P BEREAF PR L 70 R G AT SRR
ANERR, T R G AT TS T
FARPME R BT AT B RS . A SCE fedk T4
HhCy (8] B LR FE AR R e RS R, 1R
T Bl rhen R RS PR L T AR
P L RER S B AT P EEME TR SR SR AR I LD R Stis
AT FEVE VS TR AR A 2R SRR T B (K
O BRI ER R RZAT AT SR bs, 3L T B8
Hodle O SBUERIE R I L) R GUIBAT AT ST A
M, IR BPEE T f)nilEid IEEE ARiES
BRI B R BB EAT 5 L, 25 AR W P
B R AE VA BT AR BRI AN AT L ) R 4t
LA ERIEAT, WHTEGE R OATRERERE,  Hoxt
TR R S5 R IR RGURCR E  &
BIE T A ST R K 0 B 38R I R IR T 2R
GLiaAT ] FEVEVEAL i B BORIL S Lo



TR, & FBEEEE PO AEREER ) RGOS AT W SEME VAN T - 103 -
M A &M BEEHO D RESH
1) IEEE RTS-24 A R GME BB K Table A4 Equipment parameters of data center D
£ M BRI A RESH o SEET Btf
Table A1 Equipment parameters of data center A wEA 150000
AN P/ W 250
patl AR Bl
s 10000 FAHLID# Pe/W 25
WA PadW 200 T WHIH P/ W 710
FEHLIIZR P/ W 20 TEHEIE A Rir/(W/s) 26
IT &% TN P/ W 500 JatE A S/(G/HR) 0.0120
JEHH AR Rir/(W/s) 24 BAT A FI(IT/KWh) 12
A SIGENK) Y £ AT S/ 5
SEAT A FIOT/AWh) 1.2 FERG SRR R (K/W) 0.0147
¥ £ B BUV B Sim® 5 FEH R H DIKIW) 0.0326
TRRG SERIE R/ (K/W) 0.0147 N
AR DIKIW) 0.0326 UL }:ﬂj Ef;;m; 7500 10800
- HL S i A /m? 500 000 ks .
A AR 018 F A5 BRFDERESH
£ A2 BERD BIEEEN Table A5 Equipment parameters of data center E
Table A2 Equipment parameters of data center B KA eSSl Hfl
HeTH BHATR Heft B 200 000
HEA 15 000 FHASIE Pigd/ W 150
HATNZE PadW 250 FEBLIIZ Po/W 18
FEBLT)Z Po/W 25 IT ¥4 I ZE P/ W 600
IT 4% BINER Proad/ W 710 JBHE R Rir/(Wis) 24
MRS Rur/ (W) 26 e R SYGLAR) 0.0109
Figﬁu& S"/(ZE %0 00120 SBAT A FIOG/KWh) 12
z
iR S Rof(KIW) 0.0147 L SR Rl /W) 0.0147
TR RHDIK/W) 0.0326 R DIK/W) 0.0326
U TR HLps & TR/’ 750 000 Py ﬂ)ﬁ%"\ﬁ*ﬂ/mz 500 000
IS R ke 0.18 IBEIRE BB her 0.18
2) HA BRI 661 i M R G HHE LB T A6 BEFOFIREEY
A3 BHEHIL CIRESH Table A6 Equipment parameters of data center F
Table A3 Equipment parameters of data center C e SHAFR Hid
Eitl SRR EgE Hkk /A~ 250 000
Het/ A 100 000 AR PadW 210
A PadW 200 FHLIE Po/W 21
FEHLIN A Pu/W 20 IT %% WERINE P /W 650
IT %% THEINH P/ W 500 €3 8 2 Ryr/(W/s) 21
TEHEE R/ (W) 2 e R SYGLAR) 0.0112
a5 AR S/(B/R) 0.0149 o -
IEAT A FI(OG/kWh) 1.2 SEAT LA FIGE/W) 12
4 & BT S/m? s 4 WA BT S/m? 5.5
ST SR R (K/W) 0.0147 Y S Ri (K/W) 0.0147
R H DIKI/W) 0.0326 R K DIK/W) 0.0326
- BB B AR/ m? 500 000 LR ffJL%é*mﬁ*ﬂ/mz 750 000
B R e 0.18 B R B ke 0.18




-104 - B R GARY 524

S EEk data centers for resilience: demand response and
N N . microgrids[R]. 2019.

(1] BB FE B, 2021-2025 4F [ B0 o0 g BR

[2]

[3]

[9]

TAIF B 4% % i S TR #5 [R/OL]. [2021-05-11]. http:/
www.ocn.com.cn/reports/1892shujuzhongxin.shtml

o [ A5 S AE BT B B 0 R (2022 4F)
[R/OL]. [2020-12-11]. http://www.caict.ac.cn/

JAVG I, SRR, W, S5 RS RIS VEE ) EEK
H b0 5 TG R B W R LRI TTVE D). B R G R
P51, 2022, 50(24): 49-59.

ZHOU Yinyu, DONG Hougqi, ZENG Bo, et al. Bi-level
approach to internet data-center and distribution network
collaborative planning considering the potential of
flexibilities[J]. Power System Protection and Control,
2022, 50(24): 49-59.

Khloe, W, BEFvE, & BRI E IR S M REK
A A O R B O SRS D). B R, 2023,
51(2): 16-23.

ZHU Canyuan, YANG Chao, LI Shutao, et al. Low-carbon
scheduling strategy for distributed data centers considering
clean energy and energy storage[J]. Smart Power, 2023,
51(2): 16-23.

KW, B2, HAERE, S5 ST REAUSIEL i )
FRY B O B R I e R AR AL T BT AR (0], R R,
2022, 50(8): 102-108.

ZHU Yixin, WANG Jingyun, BI Kaitao, et al. Energy
optimization dispatch of data center microgrid based on
stochastic model predictive control[J]. Smart Power, 022,
50(8): 102-108.

INEA, SEIR, 2, S SR T OCHEBUR AN I &
Kol b OAE S SRS BT[], A R SR S I,
2022, 50(2): 95-101.

SUN Zhandong, JIAO Jiao, LI Wei, et al. A task
scheduling strategy for a power cloud data center based
on an improved ant colony algorithm[J]. Power System
Protection and Control, 2022, 50(2): 95-101.

ge, Ba K, FHR, & AR OSEEREEARS
PRAIBAT R FELRR[T]. H TR K, 2022, 43(11): 1-13.
MA Xiaoyan, MU Yunfei, LI Shurong, et al. Review on
the optimal operation of integrated energy system in data
center[J]. Electric Power Construction, 2022, 43(11): 1-13.
WY, TS, TS, 55 AelE LB R T AR
OEBARGHRMLA(): PLESHRRI]. P ER
HLLAR244R, 2022, 42(10): 3512-3527

CAO Yujie, DING Zhaohao, WANG Peng, et al.
Coordinated operation for data center and power system
in the context of energy internet (II): opportunities and
challenges[J]. Proceedings of the CSEE, 2022, 42(10):
3512-3527.

U.S. Department of Energy. Designing and managing

(10]

(11]

(12]

[13]

(14]

[15]

[16]

(17]

W, KA, b, S 5 REEEE b 7 SR S A
LR B ZE R BRT). FEIEER, 2020, 44(8): 3129-3138.
WANG Qing, LIU Youbo, HUANG Yang, et al. Congestion
management of urban power grid considering demand
response of data center[J]. Power System Technology,
2020, 44(8): 3129-3138.

EAM. 2 RN S B AR BE IR L R G
WIBATIHTFED]. BB BRI, 2017.

WANG Bin. Power system optimal operation with large
scale renewable generation integrated considering
demand side response[D]. Wuhan: Huazhong University
of Science & Technology, 2017.

ZRIANE. THI 7] S Bl T FRL DO 0 SR A A B A B I
ERIEHIAL[D]. Jbat: LIER IR, 2021

QIN Junhan. Study on the flexible load aggregation
modeling and control strategy for active distribution
network[D]. Beijing: North China Electric Power University,
2021.

IV, PhEEL, WP, & IS L FMERE I EdE T O
AR RGBT, P E T, 2022, 55(9): 1-7.
SUN Qiang, SUN Zhihuang, PAN Hangping, et al.
Configuration optimization of integrated energy system
for data center considering multiple energy storage
facilities[J]. Electric Power, 2022, 55(9): 1-7.

FETE. B-RERE AR R S P I M B AT ] S
PEAN[D]. BEEC: ZRFGAAE, 2020.

YAN Zhujing. Evaluation of operation reliability of
distribution network in electric-gas integrated energy
system[D]. Nanjing: Southeast University, 2020.

LRAE, B, R, S T R T SE TRl
DX R PR XA R 3l 0 il A T VR [D]. R R, 2021,
49(7): 36-43.

MA Tianxiang, DUAN Xin, LU Zhigang, et al. Optimal
siting and sizing method of wind storage power station in
regional power grid considering power supply reliability
assessment[J]. Smart Power, 2021, 49(7): 36-43.

BRI, TRERIR, BASE3E, 5. 2 0 B Bo U I
IR G AT W NP (7], B RGE R SR,
2023, 51(8): 160-168.

CHEN Fan, ZHANG Jicong, ZHAO Meilian, et al.
Operational reliability evaluation for power systems
considering load redistribution attack[J]. Power System
Protection and Control, 2023, 51(8): 160-168.

SRR, koo, MRS TR RS AT RS
LA IR R G A SEVE VRN 7L (T]. ARG H Bk,
2018, 42(20): 9-16.

LU Jiawei, ZHANG Shenxi, CHENG Haozhong. Reliability
evaluation of integrated energy system considering thermal



TR, 5 B O EGRIEVE I B R G AT AT SRR PRAG J51k

- 105 -

[18]

[19]

[20]

[21]

[22]

[23]

[24]

inertia and operation strategy[J]. Automation of Electric
Power Systems, 2018, 42(20): 9-16.

PRIGH, &k, Y, & MBS SGERIER SR
Al EEVE VR AN AT BE [T B R G H Bk, 2018,
42(24): 59-66.

CHEN Juanwei, YU Tao, XU Yue, et al. Analytic method
for power supply reliability assessment of electricity-gas
coupled energy system[J]. Automation of Electric Power
Systems, 2018, 42(24): 59-66.

A, ERR, HIRME. T LR A B M AL B i
TR SRR DUEBE R PPAL (). A R G A B, 2018,
42(20): 24-30.

ZHANG Jie, GUAN Lin, HUANG Zhenlin. Geometric
distribution based fast probabilistic evaluation of islanded
operation reliability of microgrid[J]. Automation of
Electric Power Systems, 2018, 42(20): 24-30.

W, B, GHbRE, S 258 SR N b e 1
o A3 e T) FE R B2 X AT [T, BB RS E Bk, 2018,
42(10): 53-59.

LEI Min, WEI Wuqing, ZENG Jinhui, et al. Effect of
load control on power supply reliability considering demand
response[J]. Automation of Electric Power Systems,
2018, 42(10): 53-59.

TRAEMS, Ve, BN, S BT U K 0 A A5y
U V% B0 v S B S T SR AT SRR AT (], e s R AR,
2021, 57(6): 86-93, 101.

ZHANG Saipeng, FENG Shitao, ZHAO Chunming, et al.
Study on reliability of high voltage disconnector based on
Weibull distribution and Monte Carlo method[J]. High
Voltage Apparatus, 2021, 57(6): 86-93, 101.

T4k, FEE, 5Kk, 55 BE O EFERIE X REAL
HELRR[T]. THENUE S K R, 2019, 56(8): 3-19.
WANG lJiye, ZHOU Biyu, ZHANG Fa, et al. Data center
energy consumption models and energy efficient
algorithms[J]. Journal of Computer Research and
Development, 2019, 56(8): 3-19.

G, KL, BUG, BT ER R PR
REVR AN S M BT FT[T]. 2R, 2021, 49(5): 28-34.
ZHAI Shaolei, ZHANG Xuezhi, DUAN Yi, et al. Topology
structure of smart energy station based on AC/DC
microgrid[J]. Smart Power, 2021, 49(5): 28-34.

PR, ASERR, R, S CRBOEHEE SRR
5 O VO L R IR A FE A T (D], A BRAEYR LI
M, 2022, 5(6): 552-562.

LU Zijing, DENG Yixin, JIANG Lin, et al. Research on
the influence of large-scale data center construction on
power grid planning under the background of east digital
computing[J]. Journal of Global
Interconnection, 2022, 5(6): 552-562.

west Energy

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

P S BB 0 [EB/OL]. [2015-05-11]. https://www.
guancha.cn/america/2015 05 11 319077.shtml.

WEN Yonggang. A survey on data center networking
(DCN): infrastructure and operations[J]. Communications
Surveys & Tutorials, 2017.

NI B R R R R 0 2 5 RIS
ITWEFE[D]. H At ARRIKEE, 2019.

WU Gang. Research on data center participating in power
grid planning and operation considering load transfer
characteristics[D]. Nanjing: Southeast University, 2019.
OO B L R RERE T D], R AR,
2014(10): 52-55.

HUANG Yicheng. Analysis of energy consumption of air
conditioning system in data center[J]. Intelligent Building,
2014(10): 52-55.

A, ROE, XIEREE 5F. BIEZ BB A I
A0 R A ITED]. BT RAE B AL, 2022,
46(15): 153-161.

GAO Jinkun, YU Juan, LIU Juelin, et al. Optimization
method for energy efficiency of data center considering
multi-period equipment coupling[J]. Automation of Electric
Power Systems, 2022, 46(15): 153-161.

Zg), BRIR, BRI Prikg: REdE o rAA M.
Jent: sk AL, 2021

BER, X, WEE, & BHURKEZEAK=H
NP1 G R G ThARAG[D]. BB D0 R S8 Bk, 2016,
40(13): 13-18, 70.

ZHAO lJinquan, LIU Xu, LIN Changnian, et al. Three-phase
unbalanced reactive power optimization for distribution
systems with a large number of single phase solar
generators[J]. Automation of Electric Power Systems,
2016, 40(13): 13-18, 70.

MR Bk, X B3, A2 IR £ R 2 & f s AR
FJFRD]. HE AL TR FR, 2018, 38(9): 2540-2550.
CHEN Honglin, LIU Mingbo. Partial surrogate cuts
approach for alternating current power flow constrained
unit commitment[J]. Proceedings of the CSEE, 2018,
38(9): 2540-2550.

fs HEA: 2023-04-03
1EETEN:

IHAR1974—), F, ME, TENERLHLLH DL

IAZEH AR, E-mail: 18244891@qq.com

S5 (1998—), F, Mt, BTG @ HHEF S

FEARAL . B ) & 4548 ; E-mail: gaojinkun980111@ qq.com

R Ao Iy 5 IR 2 FARACIEAT

& 45 (1980—), 4, @ASHEE, W, IR, T2
Wi f4E . KEF .

E-mail: yujuancqu@cqu.edu.cn

(¥ Rl &)



