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Tab.1 The error comparisons for profits of the distribution
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variable before and after dimension reduction
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Fig.5 Probabilistic profits comparisons of the on-site and

off-site hydrogen refueling stations
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under different scenarios

method (A7 J6)
ARG A R4 B 5t
W 2
w/h  Tow/h  Tow/Tmes(%0)  T/h Tow/h Tl Tmes(%0) 1 2 3 4
T3 148.02 148.23 101.15 — — — BEuf S s 114258 9587.3 19 123.5 12 782.6
Jik4 625  6.39 4.36 9.28 9.42 4.83 Tl SR AR 189.3 172.6 811.8 8 478.3
Jiik5s 834  8.48 5.79 12.57 12.71 6.52 TR AR 116151 97599 199353  21260.9
BT 735 RS AF B R FANAE 201 4 F0 B pdcas 748168 915319 813562 800302
466 FEFENI A&, RFEEL 2 HAHM 10 HAE PRSI 864319 1012918 1012915  101291.1

Mo Rk, k3 RS A KIHER LT 5 MCS
S, Hl T E A KT RE R A B 4R
JiiE 4 5 B S THE N AR ECN MCS 1 4.36%~
6.52%, J7i% 5 LLTTE 4 WEINZ) 1%, X2 T J7
4 Fragf s feE N 1225 4, ik S i e
91764 >, BC R ECEIEIN 44.00%, R 7 3G 2
25.06%.
3.1.4  “PRAERAE eo X} CS-aPCE 1 fE 1 52
AT RHARS A /31 CS-aPCE fEA[F TR &
B o FHIMERE, W3R S. “FAAFEBIMH g0 M 3x1073
HEANE] 5x107°, FEAFHRATGY% VLI R FVRS BE LA
A, X T LT RA ML S R P RREELE 3x1075~
5107 F (HLE 8)0 = g9 A 6x107° HE N E 8x1077,
JEAi 2 ATcY%IZ 0 5Tt , TS ) 2 3% T %, it
HARZEZB DA, X2 H T2 K REALAL 84540 .
BRI, 2R 2% 8 B L AR & 1 -1 A5 B2 70 A AR5 fiE 3k X
B eo, PREA-FAEA R ZERMMAIERE, M
DRAIE s 248 B 4 1R)RS FE AT E SR80
£S5 ATRFEREHME 0 T CS-aPCE K&
Tab.5 Performance of for the CS-aPCE method with

different smoothness thresholds &o

g0 1x1073 3x107°  5x107° 7x1073 9x1073
o 42 31 23 15 14
AT% 87.50% 90.77%  93.15%  95.54%  95.83%
Ap% 3.09%  4.57%  9.57%  10.16%  16.74%
Ac% -2.94% -5.03% -10.22% -17.29% —25.68%
Tiowl/ Tmes(%)  4.36 3.59 3.26 2.93 2.24

32 H-SERMEERKEEIE
N AT ASC T P2P i [ Sk S AR U R 1 B
mi, BEE VLTRSS, 2T AT KRE RS B

®71 REBAEARZR TR EER L
Tab.7 The expected profits comparisons of system B

under different scenarios

(HA7: J6)
55t
gl
1 2 3 4
BE S i 28 22380.4 129956 232353 259109
T b A A 494.6 202.9 334.6 1964.7
T BEuG alaR 22875.0 131985 23569.9 278755
. B 19X AL 2 114170.8 129 122.5 118 751.1 1144455
ISRy & 137 045.8  142321.0 142321.0 142321.0
1.0 1.0
0.8F 0.8+
5 061 s 068
=04k =4t
02F 02+

! 4’/ 1 1 1 1 1 1 1
0 10 20 30 40 50 60 0 200 400 600 800 1000

H L EEL R/ (MW h) H & E kg
(a) HiBEVRE (b) &t
11 AN 5 & H RS B R R A
Fig. 11 Cumulated probability distribution of daily total
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Probabilistic Optimal Electricity-Hydrogen Energy Flow Based on
Compressed Sparse Arbitrarily Polynomial Chaos Expansions
Xia Weiyi' Ren Zhouyang' Li Hui®  Meng Jun' Wang Kun®
(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology
Chongqing University Chongqing 400044 China
2. Department of Electrical and Computer Engineering University of Macau Macau 999078 China
3. XJ Electric Co. Ltd Xuchang 461000 China)

Abstract Addressing the issues of inadequate exploitation of hydrogen energy collaboration potential and
the challenge in balancing accuracy and efficiency of probabilistic solution algorithms, this paper proposes a
calculation method for the probabilistic optimal energy flow of electricity-hydrogen systems based on compressed
sparse arbitrarily polynomial chaos expansions (CS-aPCE).

Firstly, to harness the spatial-temporal collaboration potential of hydrogen energy, a modeling approach for
electricity-hydrogen optimal energy flow is introduced incorporating peer-to-peer (P2P) hydrogen collaboration
between on-site and off-site hydrogen refueling stations (HRSs). Considering the P2P coupling of inter-station
hydrogen flows and bidirectional electricity flows, a P2P collaboration mechanism is proposed for between on-site
and off-site HRSs and the power distribution network. Based on Nash bargaining theory, a probabilistic optimal
electricity-hydrogen energy flow model is constructed, which incorporates time-delay and discreteness constraints
for inter-station hydrogen P2P transactions. This model coordinates multi-stakeholder benefit allocation and
electricity-hydrogen price decisions, enhancing feasibility and fairness.

Secondly, a probabilistic optimal energy flow solution algorithm for on-site and off-site HRSs and power
distribution networks is proposed based on CS-aPCE, aiming to improve the efficiency and accuracy of high-
dimensional probability calculations. The core of this algorithm lies in leveraging historical data to drive the
collocation points, subsequently calculating key statistical metrics such as expectations and standard deviations
through analytical methods, without reliance on prior probabilistic information. To further optimize computational
performance, the CS-aPCE algorithm integrates Gaussian quadrature rules to construct high-frequency collocation
points and incorporates compressed sparse grid techniques. Effective compression criteria are proposed, and the
dimensionality reduction effect and computational accuracy of the algorithm are theoretically proven, ensuring its
efficiency and robustness under high-dimensional randomness.

The effectiveness of the proposed method is validated through numerical examples, leading to the following
conclusions: firstly, the CS-aPCE algorithm presented in this paper can solve high-dimensional and probabilistic
electricity-hydrogen energy flow problems rapidly and with high precision. The computation time is merely 10%
of that required by the Monte Carlo simulation method, while the errors in expected values and standard deviations
are below 4.21%. Furthermore, the computational accuracy for higher-order moments is improved by 60.28% to
156.98% compared to the traditional aPCE method. Secondly, the stationarity threshold exerts a certain influence
on the accuracy and efficiency of the CS-aPCE algorithm. A reasonable threshold should be selected by
comprehensively considering the stationarity distribution characteristics of random wvariables. Finally, the
electricity-hydrogen optimal energy flow model considering P2P hydrogen collaboration between stations can
mobilize the coordination potential of flexible resources within the distributed hydrogen supply network, coordinate
the distribution of inter-station hydrogen flows, and achieve fair allocation of benefits among multiple stakeholders.

Keywords: Electricity-hydrogen coupling system, polynomial chaos expansions, probabilistic optimal energy

flow, multi-agent game, peer-to-peer collaboration
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