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ABSTRACT: The increasing renewable penetration in the
power system results in the long-term imbalance of the power
system. This paper divides the long-term imbalance risk of the
the

renewable-output event and the long-term monthly energy

power system into two parts: continuous  low-
supply imbalance risk. First, this paper selects the continuous

low-renewable-output scenario and proposes a monthly
electricity imbalance risk assessment model based on the
Conditional Value at Risk (CVaR) theory. On this basis, a
power system planning method considering long-term
imbalance risk is proposed. Through the optimal allocation of
flexible resources such as seasonal energy storage, the
long-term adequacy of the power system could be eftectively
improved. Finally, the effectiveness of the proposed method is
proved based on the case studies on the IEEE RTS-79 system
and the role of seasonal energy storage in mitigating long-term

imbalance risk is discussed.

KEY WORDS: high renewable penetration; power system
planning; extreme weather; long-term imbalance risk; power
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The increasing renewable penetration in the power
system results in the long-term imbalance of the power
system. This paper divides the long-term imbalance risk
of the power system into two parts: the continuous
low-renewable-output event and the long-term monthly
energy supply imbalance risk. First, this paper selects the
continuous low-renewable-output scenario and proposes
a monthly imbalance risk assessment model based on the
Conditional Value at Risk (CVaR) theory. On this basis, a
power system planning method considering long-term
imbalance risk is proposed. Through the optimal
allocation of flexible resources such as seasonal energy
storage, the long-term adequacy of the power system
could be effectively improved. The contributions are
three-fold: 1) Proposing a long-term imbalance risk
evaluation method towards the continuous-low-renewable-
output event; 2) Assessing the monthly imbalance risk
considering the seasonal variation of renewable
generation; 3) Formulating an optimal planning model
considering long-term imbalance risk, which realizes the
optimal configuration of multiple, multi-scale flexible

resources to mitigate seasonal imbalance risk.

Fig. 1 shows the power system planning model
considering long-term imbalance risk. Traditional
planning model only describes the power system
operation within typical days, while the objective
function only considers annualized investment cost and
operating cost within typical day. On this basis, the
proposed method in this paper considers the monthly
imbalance risk including the continuous-low-renewable-
output event and seasonal imbalance risk constraints.

To prove the effectiveness of our proposed method, we
have performed five case studies on a modified IEEE
RTS-79 system for comparison, as shown in Table 1. Case |
is the classic planning method only considering the operation
simulation within typical days; Case II is performed based
on Case I, including operation constraints within the
continuous-low-renewable-output event. Calculation III
considers the monthly imbalance risk based on Case 1. Case
IV combines Case II and Case III to consider both effects.
Case V considers seasonal storage based on Case IV to cope
with the long-term imbalance risk.

Traditional planning model

Total cost: Annualized investment cost + |Typical day operating cost

Power balance

Constraints:

Operating reserve

Unit commitment

Storage operation

Renewable operation

Planning model considering long-term imbalance risk

i
Total cost: Sl

Typical da;
. +(1-w)- IPie J
mvestment cost operating cost

Typical day operating constraints

Monthly imbalance
risk cost
Long-term imbalance risk

-

Power balance

Operating reserve

Storage operation

Constraints:; Unit commitment Renewable operation

Continuous-low-renewable-
output event constraints

T

Seasonal imbalance risk
constraints

Fig.1 Power system planning model considering long-term imbalance risk

Table 1 Case study settings

Case I 1T 111 v \4

Typical day \ \ \ v \
Continuous-low-renewable-output event o \ o v \
Monthly electricity imbalance risk o o N v v
Seasonal storage o o o ) v

Based on comparisons of five case studies, the

effectiveness of the proposed planning method is proven.
By optimizing the configuration of flexible resources,
the proportion of EENS in the total annual load could be
reduced from 0.5035%0 to 0.0961% at a 95%
confidence level by introducing seasonal energy storage,
proving the benefit of seasonal storage.



