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Optimal Design of Distributed Energy Resource Systems Under
Uncertainties Based on Decision-making Theory
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ABSTRACT: It is very important to consider uncertain factors
in distributed energy resource (DER) systems to achieve good
system performance. This paper considered uncertainties in
load demands, renewable energy intensity and energy price in
DER systems, and studied the optimal design of DER systems
based on the decision-making theory. A scenario generation
method was adopted to present the uncertain parameters using
discrete point sets and corresponding probabilities, and an
orthogonal experiment design method was used to generate
scenario sets to consider combinations of various uncertain
parameters. After optimization calculations, optimal system
plans under scenarios were obtained, and these plans were
applied to other scenarios to obtain the economic performance
of the systems. Five uncertain decision-making theories
(optimistic criterion, pessimistic criterion, Hurwicz criterion,
Laplace criterion and minimax regret criterion) were adopted to
select appropriate plans. The model was applied to a hospital,
and the validity and feasibility of the model were verified.
Results show that the installed capacity of equipment in the
plan selected by optimistic criterion is small, and the installed
capacity of equipment in the plan selected by pessimistic
criterion is relatively large. Plans selected by the Laplace
criterion and minimax regret criterion can achieve good
economic performance operating in various scenarios. This
research can help decision makers make scientific decisions
and reduce operating risks of DER systems under uncertainties.
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Fig. 1 Superstructure of the DER system
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Fig. 2 Ambient air temperature during

the three typical days
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Fig. 3 Solar radiation intensity during

the three typical days
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Fig. 4 Wind energy density during the three typical days
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Fig. 5 Load demands of the hospital during the three typical days
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Table 1 Approximate values and probabilities of
standard normal distribution
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Distributed energy resource (DER) systems are
widely used because of their excellent economic and
environmental performance. Many uncertainties exist in
the optimal design of DER systems. To deal with
uncertainties in these systems, many optimization methods
have been adopted, such as the stochastic programming
and robust optimization. However, these methods take
only a single decision-maker attitude to risks. Decision
makers may adopt multiple attitudes towards risks, and
considering this can help make proper decisions and
reduce the risks in the decision-making process.

The decision-making theory can consider multiple
attitudes of decision makers to risks. This work
combines decision-making theory and optimal design
model of DER systems. Five decision-making theories
(optimistic criterion, pessimistic criterion, Hurwicz
criterion, Laplace criterion and minimax regret criterion)
are adopted to consider multiple attitudes of decision
makers towards risks, and three uncertainties in DER
systems (uncertainties in load demands, renewable
energy intensity and energy price) are considered.
theories take different
attitudes towards risks. For example, optimistic criterion
fully considers the best situation that may arise, while
pessimistic criterion takes into account the most
pessimistic scenario that may occur. Hurwicz criterion
considers both the worst and the best possible results,
and determines decision makers’ degree of optimism by
identifying an optimism coefficient o (O<a<l). Laplace
criterion assumes all scenarios are equally likely.
Minimax regret criterion tries to make the regret value as
small as possible, and is formulated as follows:

Min{Max{(Croiaps ~ Croars) < Pls3} (1)

peP ~ seS

Five decision-making

A scenario generation method is used to represent
the uncertainty of parameters using discrete point sets
and corresponding probabilities. An  orthogonal
experiment design method is used to generate scenario

sets to consider the combination of various uncertain
parameters. By applying the optimal DER system design
model, optimal system plans under each scenario are
obtained, and these plans are applied to other scenarios
to obtain the economic performance of the systems. Five
uncertain decision-making theories are adopted to select
appropriate plans.

After optimization calculation, the optimal plans
under scenarios are obtained. Fig. 1 shows the installed
capacities of equipment in these plans. Five
decision-making theories select five different plans. The
results show that optimistic criterion considers the best
situation, and the installed capacity of equipment in plan
VI selected by the optimistic criterion is small.
Pessimistic criterion considers the worst case, and the
installed capacity of equipment in plan XIV selected by
the pessimistic criterion is relatively large. Hurwicz
criterion is a trade-off between the optimistic criterion
and pessimistic criterion, and the selected plan is
affected by the optimism coefficient. In plan VII and
plan IV selected by Laplace criterion and minimax regret
criterion  respectively, the installed capacity of
compression chiller and gas boiler is large, and these
plans can achieve good economic performance when

operating in various scenarios.
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Fig. 1 Installed capacities of equipment in the plans (HS-heat
storage, CS-cold storage, AC-absorption chiller, CC-compression
chiller, GB-gas boiler, WB-waste-heat boiler, WT-wind turbine,
GE-gas engine)



