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With the warming of the weather conditions and significant load
growth in the distribution sector, peak management in power systems
has become an essential issue in hot seasons, and demand response
programs are one of the most suitable common methods for managing
peak. In this article, the authors propose a new approach to network
peak management in critical conditions by the distribution company.
This approach is the optimal scheduling of distributed energy sources
and various demand response resources to reduce the network's peak
consumption during critical peak hours and with the lowest cost.
Demand response resources in this article include the three critical
peak pricing, incentive-based load curtailment, and emergency load
response, which the distribution company implements. The problem is
optimized using a robust complex number linear programming and
considering the power uncertainty of renewable resources. Providing a
peak price 14% larger than the peak price of the normal tariff can
bring a suitable load impact from the critical peak program customers
in the network. The participation of customers in the load curtailment
program in the beginning and end hours of peak management is equal
to 30% and 20% of the customer's baseline. Considering the risk
related to solar production, power contribution in this program
increases by 117 and 74 kilowatts for the same hours. Adopting a risk-
averse strategy increases the cost by 745 $ for the distribution
company and the reason is the increase in curtailment of 120 kW
through the emergency demand response program.

Introduction

distribution company adopts. Robust mathematical
programming is implemented to optimize this

Since peak power management is an important
challenge in hot seasons of the year, demand
response programs have become the most suitable
conventional methods for distribution companies
(DISCOs). The authors of this paper propose a new
approach for network peak management in critical
situations by DISCO. This approach is the optimal
scheduling of distributed energy resources and
various demand response resources to reduce the
network peak at critical peak hours in a low-cost
manner. Demand response resources in this paper
consists of three programs; critical peak pricing
(CPP), incentive-based load curtailment (ILC), and
emergency demand response (EDR), which the
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problem concerning the uncertainty of energy
production of renewable resources.

Model description

The main approach of this paper is to present a
MILP Robust scheduling model to maintain the
peak load wunder a certain level besides

maximizing DISCO’s profit. The distributed
energy resources include photovoltaic (PV), battery
energy storage, and diesel generator (DG). The
production model of all these energy resources is
formulated with respective constraints, and the PV's
generation uncertainty is concerned with the Robust
approach. This MILP scheduling is modeled in
GAMS software using CPLEX solver.


https://ses.ut.ac.ir/
mailto:rghaffarpour@ihu.ac.ir

Journal of Sustainable Energy Systems, Vol. 1, No. 2, Spring 2022

Results and discussions

The two demand response programs, ILC and
EDR, have different individual event periods and a
maximum number of events per day that has to be
called by DISCO. Taking the risk-neutral strategy
shows that the DG operates at full capacity during
the hours with a higher energy price than the fuel
price. Also, the battery units provide the discharge
service in critical peak hours to mitigate the peak
load. A three-level energy price with a critical peak
price of about 0.160-0.168 $/kWh is obtained for
the CPP customers through the K-means clustering
method. About the ILC program, the load impact of
different customers is affected by the incentive
price and the limitations defined for event calls. As
the ILC customers have to fulfill the least
curtailment of 15% (of base load), large consumers
can have an effective load impact in direction with
peak management. In this simulation, the density of
interruption numbers during the peak shaving
period is different for EDR customers. However,
the highest density amount belongs to hour 10, in
which the network faces the cap of peak load. By
taking the risk-averse strategy, DISCO incurs a cost
of 5290 $. This increase refers to the consideration
of PV generation worst-case scenario and affects
the dispatch of energy resources. Especially the
EDR customers that, unlike the ICL and CPP
customers, provide a high generation capacity in
certain event hours. Increasing the budget of
uncertainty results in enhancing the interruption
numbers and, consequently, the payment amount to
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the EDR customers. In addition, the critical peak
price was determined between 9-17 for CPP
customers. Although three hours of this period is
outside the specified peak management horizon, the
CPP program is not the only energy option.
Choosing this time for critical pricing can reduce
the cost according to the scheduling of other energy
sources.

The results show that providing a suitable
critical peak price not only reduces the consumption
of elastic loads but also affects the demand response
manner of other customers who participated in the
incentive-based and emergency programs. Due to
the determined incentive price, it was observed that
the bars participating in the ILC program could
effectively reduce consumption by participating
during certain hours. In addition, implementing the
EDR program showed that the absence of this
program can impose higher costs if the capacity of
distributed energy resources and CPP and ILC
resources are insufficient in peak shaving. This
program's application shows that EDR load
interruption is the ultimate solution for the operator
to reach the capped peak. Furthermore, adopting a
risk aversion strategy by the operator increases the
expected peak management cost and implies more
demand response resources capacity. However,
considering the worst-case scenario lessens the risk
of failure in meeting a successful peak shaving. At
the same time, it should be noted that the risk
aversion of the operator and the uncertainty enhance
the load impact.
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3. Conservation voltage reduction (CVR)
4. Photovoltaic (PV)
5. Diesel generator (DG)
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1. Load Curtailment Demand Response
2. Emergency Demand Response
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1. Mixed-integer nonlinear programming
2. Piecewise linearization method
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