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ABSTRACT: Renewable energy (RE) power systems have
strong uncertainties. Concentrating solar power (CSP) plant, as
a new renewable energy utilization technology, can provide
flexibility for RE power systems. The traditional stochastic
programming method generally fixes the future uncertainty
probability distribution in the capacity planning problem.
However, the existing research indicates that the current
decision also affects the future uncertainty. Based on this
problem, this paper proposed a decision-dependent stochastic
programming model for capacity planning of CSP plants. The
probability distribution of electricity price output depends on
decision variables, which indicates that future uncertainty is not
only affecting but also affected by current decisions. In order to
solve the bilinear term in the model, the quasi-precision
method was used to reconstruct the nonlinear model into a
mixed integer linear programming (MILP) model. The test
system is a 100% renewable energy penetration system. The
calculation results verify the rationality and effectiveness of the

proposed decision-dependent stochastic programming model.
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Renewable energy (RE) power systems have strong
uncertainties. Concentrating solar power (CSP) plant, as
a new renewable energy utilization technology, can
provide flexibility for RE power systems, so it can be
widely used in high penetration RE system.

This paper is devoted to the capacity planning of
concentrating solar power (CSP) plant in high
penetration RE system. With the increasing of renewable
energy penetration, in order to make more effective
investment decisions, it is an urgent and challenging task
to deal with the increasing uncertainty in capacity
planning problem of large-scale RE system. The
traditional stochastic programming method generally
fixes the future uncertainty probability distribution in the
capacity planning problem. However, the existing
research indicates that the current decision also affects
the future uncertainty. Based on this, this paper proposes
a decision-dependent stochastic programming model for
capacity planning of CSP plants.

Firstly, according to the operation characteristics of
the CSP, a more detailed mathematical model of CSP
plant is established in this paper. Secondly, considering
the price with endogenous uncertainty. The probability
distribution of electricity price output depends on
decision variables, which indicates that future
uncertainty is not only affecting but also affected by
current decisions. A stochastic programming model
related to capacity decision-dependent is established
with the maximizing net profit. However, due to the
consideration of uncertain electricity price, there are
bilinear terms in the proposed model, which makes it

difficult to solve the model. In order to solve the bilinear

term in the model, the quasi-precision method is used to
reconstruct the nonlinear model into a mixed integer
linear programming (MILP) model by using a series of
binary variables to express any true fraction in the field
of computer. The transformed model can be solved
directly by commercial solver and can meet enough
accuracy. According to the proposed model and quasi
accurate method, the optimal capacity of CSP plant is
obtained.

The test system is a 100% renewable energy
penetration system. The optimized generation capacity of
CSP power station is 1400MW, and the heat storage
hours of heat storage tank is 12h. The optimization
results under different price uncertainty levels is shown

in Fig. 1.
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Fig. 1 Results under different price uncertainty levels

With the increase of price uncertainty, the average
price increases and the generation capacity of CSP
decreases. This is because in the investment of power
system, the marginal cost of RE power generation can be
considered as zero. The larger the capacity of CSP, the
lower the price. Therefore, when the average price
increases, the penetration rate of the CSP plant is

expected to decrease.
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