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Integrated demand response effectively promotes the use of renewable
energy sources and improves energy efficiency in systems with
multiple energy carriers. This paper proposes a resilient scheduling
model for local energy systems based on electricity, cooling,
hydrogen, and water in the presence of electric and hydrogen vehicles.
In addition, the role of integrated demand response based on electricity
and cooling to reduce the operating cost of the local water-energy
system is investigated. The local energy system is equipped with
electricity generation sources, a water desalination device, wind
turbine, water, electricity, cooling, and hydrogen storage systems, an
electricity to hydrogen conversion unit, and an electric chiller to
simultaneously meet water and energy demands. To model the
uncertainty of wind power generation, a robust optimization approach
is used without the need for probability density function and scenario
generation, which supports the optimal scheduling of the water-energy
system against changes in wind power generation. It also enables the
operator to apply a risk-averse approach. Numerical results show that
using integrated demand response besides water-energy storage

systems reduces the total operating cost of the local system by 5.6%.

Introduction

Integrated demand response effectively promotes
the use of renewable energy sources and improves
energy efficiency in systems with multiple energy
carriers. This paper proposes a resilient scheduling
model for local energy systems based on electricity,
cooling, hydrogen, and water in the presence of
electric and hydrogen vehicles. In addition, the role
of integrated demand response based on electricity
and cooling to reduce the operating cost of the local
water-energy system is investigated. The local
energy system is equipped with electricity
generation sources, a water desalination device,
wind turbine, water, electricity, cooling, and
hydrogen storage systems, an electricity to
hydrogen conversion unit, and an electric chiller to
simultaneously meet water and energy demands. To
model the uncertainty of wind power generation, a
robust optimization approach is used without the
need for probability density function and scenario
generation, which supports the optimal planning of
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the water-energy system against changes in wind
power generation.

Model description

The reviewed literature mainly evaluated the
optimal scheduling of water-energy systems,
considering only electricity and water carriers. The
role of other energy carriers in developing a high-
efficiency water-energy system has been neglected.
A robust scheduling model based on information
gap decision theory (IGDT) is studied to meet
various energy demands, including water,
electricity, cooling and hydrogen, in a developed
island water-energy system. The proposed water-
energy system is equipped with gas microturbines,
wind turbines, a water desalination device, a P2H
unit, and an electric chiller (as the supply
resources), drinking water, hydrogen, and cooling.
In the proposed model, the effect of integrated
demand response considering flexibility in
electricity and cooling demands on the optimal
scheduling of the local system is investigated. In
addition, the role of various storage systems,
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including water, electricity, cooling, and hydrogen,
in reducing the cost of operating the local system is
investigated. The proposed optimization MILP
model is solved in the GAMS by the commercial
CPLEX solver.

Results and discussions

Numerical results show that using integrated
demand response besides water-energy storage
systems reduces the total operating cost of the local
system by 5.6%. Among the four microturbines, the
main participation of unit 3 is between 8:00 and
22:00 to charge the energy storage device and
prevent the participation of expensive unit 4 in the
peak hours. The electric chiller is programmed to
produce more cooling for storing in the storage
system during off-peak hours. The cooling storage
system is also used in discharge mode during 14-18
when the electricity consumption is high. It
contributes significantly to the non-participation of
microturbine 4. The cooling demand also reacts to
the high electricity consumption hours and
guarantees its demand based on the electricity
demand hours. The hourly energy level of the
vehicle station increases between 5-12 due to the
low demand and the entry of vehicles to the station,
and this leads to the operating cost reduction. The
desalination unit desalinates the seawater during the

hours when the electricity demand is lower. A
larger volume of water is desalinated by the device
in the initial hours due to the presence of water
storage. Instead, when the electricity demand is
high, the water storage system uses the stored water
and lessens the power consumption of the
desalination unit. Regarding the effect of wind
generation uncertainty, as the value of the robust
parameter increases, the operating cost and the
optimal robust function also increase.

The use of electricity, cooling and hydrogen
storage systems reduced operating costs by 1.1, 0.7,
and 1.2 percent, respectively. The water storage
system led to a reduction in electricity consumption
during peak hours and a reduction in the operating
cost of the system by 1.1%. Integrated demand
response had a significant effect on reducing peak
consumption and system operating costs by 1.5%.
Simultaneous consideration of integrated demand
response along with water-energy storage systems
reduced the operating cost of the proposed water-
energy system by 5.6%, which shows the effect of
coordinated planning of these resources. According
to the proposed robust approach, the system
operator, based on an acceptable cost, was able to
cover a suitable range of errors in the prediction of
wind power generation and adopt a risk-averse
strategy without the need to generate a scenario.
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Figure 1. Impact of risk-averse parameter p on the operation cost and optimal robust function a
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