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Abstract: Park-level integrated energy system (PIES) enables efficient utilization of energy and improves the consump-
tion of renewable energy source. However, as the penetration of renewable energy source increases, the operational
flexibility demand increases sharply, which poses great challenges to the safe and economic operation of the PIES. Con-
sequently, this paper proposes an optimal dispatch method for the electric and thermal PIES, in which the risk of
insufficient operational flexibility is taken into consideration. First, based on the comprehensive consideration of the op-
erational flexibility demand of the electric system and non-electric (thermal) system, the mathematical expressions of the
operational flexibility demand and supply of PIES are derived, and the operational flexibility margin and the risk cost of
insufficient operational flexibility are taken as the evaluation indicators of the operational flexibility. Second, based on the
conditional value-at-risk (CVaR), the mathematical expression of the risk soft constraint of insufficient operation flexibil-
ity is derived. Because the proposed optimal dispatch model of electric-thermal PIES considering the risk of insufficient
operational flexibility is stochastic, non-convex, and nonlinear and has 0/1 integer variables, it belongs to NP-hard prob-
lem mathematically. Therefore, the proposed model is established under the framework of Markov decision process and is
solved by approximate dynamic programming (ADP) algorithm. Finally, numerical simulations are carried out to verify
the effectiveness of the proposed method.
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Table 3  Optimization results with different confidence levels
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Fig.B1 Offline training flow chart of the proposed algorithm
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Fig.B3 Forecast data of the test system
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Table B1 Parameters of the operation cost

BHATR ¢ /7T Ysueg 176 Yo /7T gy, /(TEkW2) By /(TEKW2) Ca /(TEKW2) gy /(TEKW™)
Hfl 3.65 500 500 9.32x1076 1.78x1077 2.55%107° 0.03
BHETE  eay (TEKWT) S G € 175 /70 € 175 G IGERWTY) e IGEkW Y
Bl 9.82x1073 3.65 435 0.25 0.3 300 200
# B2 BITRESH
Table B2 Parameters of the operation equipment
BEALTR P MW P MW Pt MW P MW P /MW P /MW
Ul 0 8 0 5 0 6
SHATR B /MW B MW he MW hds MW E,, /MWh E,, /MWh
Bl 5 2 2 10 10
SR H,, /MWh H, /MWh e /MW 8 MW T IMW 15 IMW
A 4 8 8 5 5
SRR s IMW r$ IMW Pg™ MW B nax MW Ty /h Ty /h
Bl 6 10 10 1 1
SRR z,/C 7,/C 7,/C 7./C A Thap
EALE 80 100 60 80 0.75 0.85
SHAATE s T ey e e Thoss
Bl 0.9 0.9 0.75 0.9 0.3 0.3
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