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1. Introduction

Energy is the biggest challenge human beings are
facing today. The energy used daily comes from
burning fossil fuels. In fact, 81% of the world's
energy consumption comes from fossil fuels such
as oil, coal, and gas, which produce large volumes
of CO2. In the traditional method, diesel
generators were used alone in the power grid,
which became economically obsolete due to rising
oil prices. Recent advances in renewable energy
technology have made it possible to use natural
resources such as wind and solar. Combining
renewable energy sources with diesel and energy
storage systems are called hybrid renewable
energy systems.

In this study, the solar-wind-battery hybrid
system is modeled and then optimized with
various primary actuators. For this purpose, three
different actuators including diesel engine, gas
engine, and gas turbine were used and the results
for each of these actuators were examined
separately. The number of solar panels, wind
turbines and batteries, and the rated capacity of the
main actuators are considered as design variables.
Two optimization functions, cost and fuel ratio,
were used. Fuel ratio is defined as a new objective
function that shows the deviation of fuel
consumption in this proposed system compared to
a completely renewable system. It should be noted
that to achieve an acceptable accuracy, all
evaluations are performed hourly.

2. Modeling

In this study, the drives studied include diesel
engine, gas engine and gas turbine, each of which
was modeled separately. The number of solar
panels, wind turbines, and batteries and the
nominal capacity of diesel engine, gas engine, and
gas turbine were considered as design variables. In
the studied hybrid systems at any time, the amount
of battery charge should be considered the total
annual cost of the studied hybrid system such as
equipment costs (including wind turbine, solar

panel, battery, inverter, diesel engine, gas engine
and gas turbine) and maintenance costs. The cost
of stimulant fuel and the environmental cost are
related to the pollutants produced by the stimuli.

Table 1. Input constraints and parameters for

optimization

Parameter value
Low turbine cutting speed (m/ s) 2.5
High turbine cutting speed (m / s) 13
Rated turbine speed (m/ s) 11
Hourly automatic discharge rate (-) 0.0002
Drainage depth (-) 0.8
Cost of pollutants ($ / kg) 0.2086
Nominal capacity of solar panel 0.24
(kW)

Nominal capacity of wind turbine 10
(kW)

Solar panel unit price ($) 614
Wind turbine unit price ($) 3200
Battery charge efficiency (-) 0.85
Battery discharge efficiency (-) 1
Inverter efficiency (-) 0.95

The total annual cost of the system was
considered as one of the objective functions.
Obviously, cost is always one of the most
important characteristics of optimization in
different energy systems. Since the cost of
renewable systems is usually high, after
optimization, the optimization algorithm will
probably consider the number of solar panels,
wind turbines and even batteries to be zero and all
the required load will be supplied by the actuator.
Therefore, in order to generalize the results, the
amount of fuel consumed should also be
considered. Hence, the fuel ratio is considered as
the second objective function. In this study, the
developed version of the genetic algorithm has
been used by the authors written in MATLAB
software. Solar-wind-battery hybrid system with
diesel engine or gas engine or gas turbine for
Kerman, was modeled and optimized. Input
constraints and parameters are listed in Table 1.

3. Results

The NSGA-II multi-objective algorithm with 100
iterations was used to optimize the annual cost and
fuel ratio. The best result is for a case with a lower
annual cost and a higher fuel ratio. The results
showed that with increasing fuel ratio, the annual
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cost increases. Increasing the fuel ratio means that
the system is moving towards power generation
without the use of actuators. On the other hand, the
system must provide the required power by
increasing the number of solar panels, wind
turbines and batteries, which increases costs. The
annual cost increases more rapidly, while the
changes in the fuel ratio are very small. Optimal
values of design parameters with objective
functions for the optimal end point for different
actuators are presented in table (2).

x10°
6

- Gasengine | T
sl Gas turbine | 1
I Diesel i

ES
T

TAC ($lyear)

L L . 1
0 0.2 0.4 086 08 1

Fuel ratio (-)
Figure 1. Optimal pareto front for different stimuli in a
diagram

As shown in Figure 1, the diesel engine drive
system has the lowest annual cost and the highest
fuel ratio compared to the gas engine and gas
turbine drive system. For fuel ratios less than
0.5759, the system with gas engine drive is
dominant over the system with gas turbine drive,
which means that it has a higher fuel ratio and
lower annual cost, but for values higher than this,
fuel ratio is the reverse mode.

Table 2. Optimal values of design parameters with
objective functions for the optimal end point for
different actuators

parameter Gas Gas Diesel
Engine | Turbine
Fuel ratio (-)| 0.708 0.777 0.735
Annual fee | )57 8 | 212910.9 | 185456.5
(($/ year)
Number of
solar panels | 1129 1390 1266
()
Number of
wind 31 24 19
turbines (-)
Rated
capacity 164 164 163
(kw)
Number of
batteries (-) 814 910 822

4. Conclusion

In this paper, the solar-wind-battery hybrid system
with various actuators including diesel engine, gas
engine and gas turbine was optimized by NSGA-
Il multi-objective algorithm. It was done to select
the appropriate actuator for the most efficient
hybrid system. Fuel ratio and annual cost as target
functions and number of solar panels, number of
wind turbines, number of batteries, and nominal
capacity of each actuator were considered as
design parameters, the results of which are
summarized as follows. A) Diesel-driven hybrid
system has the highest fuel ratio and lowest cost
compared to the other two systems in a wide range
of beam fronts (about 99.74%); B) The optimal
number of solar panels, wind turbines, and
batteries for the hybrid system with diesel actuator
is 1266, 19 and 822, respectively, and also the
optimal nominal capacity of the diesel actuator is
163 kW; C) For fuel ratio less than 0.5759, the
system with gas engine propulsion has a higher
fuel ratio and lower cost than the system with gas
turbine propulsion, but for values greater than this
fuel ratio, the opposite situation occurred; D) Due
to the large number of batteries and solar panels
for the gas turbine actuator, the total annual cost
for this actuator is higher than other actuators; E)
The nominal capacity of all actuators in the range
of 164-163 kW was selected.
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