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Renewable energy systems will be widespread power sources in future years due to their sustainability
and clean nature. Due to intermittent nature of many renewable energy resources (such as wind, photo-
voltaic and etc.), their hybrid usage are preferred. One of the most important subjects related to hybrid
renewable energy systems is finding the optimal size of their parts to utilize them efficiently and econom-
ically. There are various techniques for optimal sizing of hybrid renewable energy systems, reported in
many articles, containing their own merits and demerits. The current paper reviewed such methodologies
and compared them using some appropriate indicators. This paper helps the system designers to select
the appropriate sizing method for their hybrid renewable energy systems. © 2018 Journal of Energy Management

and Technology
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1. INTRODUCTION

Nowadays electrical energy is one of the most necessary re-
quirements of mankind and is a essential factor for social and
economic developments [1-3]. Due to increase in population,
fast urbanization, rapid industrialization and increased energy
consumption, the demand for electricity is increasing [4,5]. A
significant portion of energy demand is supplied using fossil
fuels which cause problems such as great volatility in costs, lim-
ited and inadequately distribution on the earth’s crust, harmful
emissions and etc. [6,7]. To solve the problems raised, renewable
energy resources such as photovoltaic (PV), wind, micro hydro
and etc., are the best solution. According to the intermittent na-
ture of many renewable energy sources, hybridization of two or
more of them can improve system performance [2,8,9]. Hybrid
renewable energy systems (HRES) can work in stand alone (SA)
or grid connected (GC) modes. HRES have important advan-
tages in comparison to single-source systems. Some of these
benefits are shown in Fig.1. An overview of common primary
sources for electricity generation is represented in Fig.2.

Efficient and economical utilization of renewable energy re-
sources depends on optimal sizing of HRES. To achieve this
purpose there are different sizing methods. Selection of optimal
sizing method can help system designers to reach this purpose
efficiently.

In this paper, in addition to a comprehensive review of opti-
mal sizing methods for HRES, they are compared using some
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Fig. 1. Main advantages of HRES in comparison to single-
source systems

indicators. In Section 2, different optimal sizing methods, along
with an overview of numerous papers that have already been
worked out, are examined separately. Section 3, presents some
indicators to compare the appropriate sizing methods of HRES.
This is done by the authors after a comprehensive study of the
various sizing methods in section 2. A number of challenges in
relation to HRES are addressed in Section 4. At the end, Section
5 presents the conclusion of the work.
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2. OPTIMAL SIZING METHODOLOGIES

In this section, each of the different methods for optimal sizing
of HRES is studied bibliographically. Optimal sizing methods of
HRES is shown in Fig.3.

A. Graphical construction method

Graphical construction method is based on satisfication of av-
erage value of demand by average values of photovoltaic and
wind power generation for PV generators and wind turbines. In
graphical construction method merely two decision variables are
considered in optimization process. In other words, PV-wind
or PV-battery considered in this method [10-12]. In [13], the
authors developed an approach to calculate optimal sizing of a
HRES including PV and battery systems for SA mode. In [14],
the authors proposed a technique to find the optimal combina-
tion of wind-PV system using the existing meteorological data,
based on the solution of supply-demand energy balance. A num-
ber of examples of the graphical approaches used in papers are

given in Table 1.

B. Probabilistic methods

One of the easiest methods to find of optimal sizing of HRES are
probabilistic methods. These methods incapable to represent the
dynamic performance of HRES, so the results of probabilistic
methods are not the best solution [11,12]. In [22], to help system
designers on selection of energy types, size of them, operating
policies and etc. a simulation method is proposed, when utiliz-
ing wind energy and PV systems in small isolated systems. For
sizing of PV modules and battery storage, a new method is pre-
sented for a SA hybrid system including PV and wind systems
in [23]. To reduce the computational effort, the probabilistic
method is considered to generate an input-output dataset of
various samples that were later used to train the artificial neural
networks in [24]. A summary of probabilistic approaches for
sizing of HRES is listed in Table 2.

C. lterative methods

In iterative methods, the design of HRES is done by means
of a recursive process which stops when the optimal system
design is attained [12]. In [34], performance of a hybrid energy
system including PV and wind systems, PV-alone system and
wind-alone system, for utilization as SA systems, for use at the
residential customer level has been evaluated. In [36], a general
model to find an optimal sizing of a HRES including PV, wind,
micro hydro, DG and battery for a rural community is developed.
In [37], a new optimum sizing method for HRES including PV,
wind and battery storage systems in SA mode, based on the
LPSP and ACS, is presented. In [38], under different loads and
unit cost of auxiliary energy systems, optimal sizing of a HRES
including PV, wind and battery storage systems, is presented. A
number of examples of the iterative methods used in papers are
given in Table 3.

D. Analytical methods

In these methods, ingredients of HRES are characterized by
computational models to find techno-economic feasibility of the
system and allow the system designers to simulate the efficiency
of various HRES configurations.

Nowadays, various computer tools have been proposed. in
order to sizing of HRES. The function of most computer tools
is based on an analytical method [1]. One of the most famous
sizing programs for HRES is hybrid optimization model for
electric renewables (HOMER). HOMER has been developed by
National Renewable Energy Laboratory (NREL) for both SA and
GC systems in 1993. From the date of release, this software has
been downloaded by over 80000 people in 193 countries [2,39].
Fig.4 gives a schematic representation of HOMER.

To find the optimal sizing of HRES using HOMER, there are
many papers have been published [40-50]. In [57], different
designs of HRES including of PV and wind systems in GC mode
along with intermittent production of hydrogen, to maximise
the net present value of the system has been evaluated. In [59],
for peak shaving and power arbitrage, the problem of deter-
mining the battery size for GC PV systems has been evaluated.
In [60], a novel approach for optimally allocating various types
of renewable energy sources in the hybrid energy systems, to
minimize annual energy loss is presented. In [61], with using
linear programming methods in GAMS software, optimal siz-
ing of a HRES including PV, wind, storage systems and DG, in
SA mode has been evaluated. A number of examples of the
analytical methods used in papers are given in Table 4.
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Table 1. Summary of graphical construction methods

SA, GC or Energy
Reference SA-GC sources Objectives Outcome
mode considered
wind, PV ) In this paper, the authors developed an approach to calculate optimal sizing of
[13] SA Capital cost
and battery a HRES including PV and battery systems for SA mode.
In this paper, the authors proposed a technique to find the optimal combination of
[14] SA wind and PV Power balance  wind-PV system using the existing meteorological data, based on the solution of

supply-demand energy balance.

Table 2. Summary of probabilistic methods

SA, GCor Energy
Reference SA-GC sources Objectives Outcome
mode considered
In this paper, a HRES including wind turbine, PV modules,
. loss of power supply
[15] SA PV, wind and battery and battery is considered, and the optimized combinations
probability (LPSP)
of them are obtained for various loss of power supply probability (LPSP).
Diesel generator,
expected energy In this paper, a method to model and simulatethe operation of
[16] SA wind
not supplied (EENS) a wind-Diesel energy conversion system is considered.
and battery
In this paper, the results can be used to calculate the energy index
[17] SA-GC PV- wind Annual total cost of reliability and to document many other relationships between various system
parameters of interest.
In this paper, the proposed method may be associated with a production costing program
PV, wind Expected energy
[18] SA to determine, using a probabilistic method, the effect of renewable resources on existing or
and battery supplied (EES)
planned thermal systems.
EIR which is directly related In this paper, the effect of using tracking system on the energy
[19] SA PV-wind to EENS and the internal rate performance of a hybrid system including wind and PV, with a
of return probabilistic approach, is studied.
In this paper, the authors use a probabilistic method to appraisement
. ) . reserve requirements and establish a methodology that makes it possible
[20] SA wind generator Wind power imbalance
to distinguish amongst various categories of reserves based
on the imbalance drivers of wind energy.
In this paper, a method for the probabilistic approach of wind speed and
[21] GC-SA wind-PV Annual total cost solar irradiance data is presented for evaluation, at a given place, the
electric energy generated by wind system and PV system.
In this paper, to help system designers on selection
[22] SA PV, wind and diesel Loss of load of energy types, size of them, operating policies and
Generator expectation (LOLE) etc. a simulation method is proposed, when utilizing wind energy
and PV systems in small isolated systems.
For sizing of PV modules and battery storage, in
[23] SA PV, battery System cost this paper a novel approach is presented for a SA
hybrid system including PV and wind systems.
In this paper, to reduce the computational effort,
PV, wind, the probabilistic method is considered to generate
[24] SA diesel generator, Net present cost (NPC) an input-output dataset of various
battery samples that were later used to train the
artificial neural networks.
In this paper, a HRES with using "Box-Behnken
[25] SA-GC PV, wind and battery cost of system design" and "RSM", based on an hourly operating

cost, is optimized.
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Table 3. Summary of iterative methods

SA, GC or Energy
Reference SA-GC sources Objectives Outcome
mode considered
In this paper, the presented solution is favorably compared with all
. Number of PV panel, other SA energy alternatives, and it shows the ability of HRES to
[26] SA PV, wind and battery
total cost analysis regulate even in areas where the local renewable energy systems
potential is not necessarily of high quality.
In this paper, an optimum control algorithm written in C++, based on
. . . limits of battery storage
[27] SA PV, micro-hydro, biogas biomass combined dispatch strategy and allowing easy handling of the models
and unit generation
and data of HRES ingredients is investigated.
In this paper, with using MATLAB simulation, sizing of a SA hybrid
[28] SA PV, battery SOC
system including PV and battery systems, is presented.
In this paper, a new optimum sizing method for HRES including wind,
. LPSP, levelised cost of
[29] SA PV, wind and battery PV and battery storage systems, based on the
energy (LCE)
LPSP and LCE, is presented.
In this paper, an optimal sizing of a HRES including wind and DG in
. . total cost and fuel
[30] SA Diesel generator, wind and battery SA mode based on the minimum long term electricity cost, has been
consumption
evaluated.
According to the results of this paper, the presented sizing search
[31] SA PV, battery and diesel generator Cost of energy (COE) approach can lead to the convergence of the optimal objective
solutions with diminution to its computational load.
L In this paper, three SA PV systems with using energy storage systems
[32] SA PV, battery, fuel cell (FC) System cost, system efficiency
are optimized.
According to the results of this paper, a novel optimal sizing approach
[33] SA-GC wind, PV and battery System cost for a HRES including wind, PV and battery systems, for
both SA and GC mode of system working, is presented.
In this paper, performance of a HRES including PV and wind systems,
. PV-alone system and wind-alone system, for utilization as
[34] SA PV-wind Total cost
SA systems, for use at the residential customer level has been
evaluated.
Unutilized energy
probability, deficiency of
In this paper, a new method to find the optimal sizing of a hybrid
. power supply probability,
[35] SA wind, PV and battery energy system including PV and wind systems, based on iterative
relative excess power
method is presented.
generated and life cycle
unit cost
In this paper, a general model to find an optimal sizing of a HRES
[36] SA PV, wind, and micro-hydro Total capital cost including wind, PV, micro hydro, DG and battery for a rural
community is developed.
In this paper, a new optimum sizing method for HRES including wind,
[37] SA-GC PV, wind and battery Annualized system cost PV and battery storage systems in SA mode, based on the
LPSP and ACS, is presented.
In this paper, under different loads and unit cost of auxiliary energy
[38] SA PV, wind and battery Hybrid system cost systems, optimal sizing of a HRES including wind, PV and battery

storage systems, is presented.

E. Artificial intelligence methods

Artificial intelligence methods such as genetic algorithms (GA),
particle swarm optimization (PSO), artificial bee colony (ABC)
and etc. are of widely used methods in hybrid systems [62-66].
In [70], a HRES including wind, PV and FC systems, to supply
power demand with consideration the outage probabilities of

three main ingredients of system, i.e. PV module, wind system,
and power electronic converter, is designed. In [80], an optimal
method based on a GA for find the sizing of a SA hybrid en-
ergy system including PV and wind systems is presented and
according to the results of this paper, the GA converges is very
well. In [81], the performance of a HRES including renewable en-
ergy systems and energy storage systems, to meet a controllable
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Table 4. Summary of analytical methods

SA, GC or Energy
Reference SA-GC sources Objectives Outcome
mode considered
In this paper, sizing of HRES components, for four various load
wind, biogas, PV,
. . profiles is presented and for the selection of optimum
[51] SA biomass, battery and Energy index ratio (EIR)
solution of year round application, two reliability values are
small power plant
investigated.
PV, biogas, biomass, In this paper, an optimum control algorithm written in C++,
battery, small hydro based on combined dispatch strategy and allowing eas
[52] SA Y Y COE P & ey
power plant and handling of the models and data of HRES ingredients is
DG investigated.
In this paper, an analytical approach for the well-being
[53] SA wind, PV and battery bank Production cost evaluation of small independent power systems with wind and
PV systems, is presented.
In this paper, a new method for characterizing maximum energy
[54] GC PV, wind and battery Power balancing storage prescriptions for a balancing area or interconnections is
presented.
According to the results of this paper, the best energy based
. . sustainable solutions should use mc-Si or CdTe panels, while the size
[55] SA PV, lead-acid battery Energy payback period
of the optimum energy independent PV-Battery arrangement is
remarkably influenced by the local solar energy.
In this paper, a mixed integer linear programming model for the
Hydro power plant,
[56] GC COE optimal planning of a hybrid energy system design for a nation to
natural gas and coal
meet a specified CO2 emission aim is discussed.
In this paper, various designs of HRES including of PV and
. wind systems in GC mode along with intermittent production of
[57] GC PV, wind and H2 Net present value (NPV)
hydrogen, to maximise the NPV of the system has been
evaluated.
In this paper, for optimal sizing of an energy storage system in a
PV, FC, wind, .
[58] SA-GC Total cost and total Benefit hybrid energy system, a novel algorithm based on the cost
micro-turbine and battery
benefit analysis has been raised.
In this paper, for peak shaving and power arbitrage, the problem
[59] GC PV and battery Net power purchase cost of determining the battery size for GC PV systems
has been evaluated.
In this paper, a novel approach for optimally allocating various
[60] SA Wind, PV and battery Annual energy losses types of renewable energy sources in the hybrid energy systems,
to minimize annual energy loss is presented.
In this paper, with using linear programming methods in GAMS
[61] SA Wind, PV, DG and battery COE software, optimal sizing of a HRES including PV, wind, storage

systems and DG, in SA mode has been evaluated.

heating, ventilation, and air conditioning has been evaluated. A
number of examples of the artificial intelligence methods used
in papers are given in Table 5.

F. Hybrid methods

Combining two or more different methods for optimal sizing
of HRES can be called as hybrid method. This method is the
best suitable approach to solve multi-objective design. For multi-
objective problems, there are two general methods, one is to

elide the individual objective functions into a single compound
and the second general method an entire Pareto optimal solu-
tion set is to be determined. “Obtained solution is expressed to
be Pareto optimal if it is dominant amongst several solutions
in the solution space” [3,11,82]. Fig.5, shows Pareto front of
a multi-objective evolutionary algorithms (MOEA). In [85], a
hybrid of renewable energy sources and maximize its contribu-
tion to the peak load is optimized. Also in this paper demand
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Table 5. Summary of artificial intelligence methods

SA, GC or Energy
Reference SA-GC sources Objectives Outcome
mode considered
In this paper, to find an appropriate model for sizing stand alone PV
[67] SA PV, batteries banks PV generator area systems, the possibility of using an adaptive artificial neural network is
discussed.
In this paper, the optimal sizing of a HRES including wind turbines, FC,
[68] SA Wind- FC NPC an electrolyzer, hydrogen tanks, a reformer and converters, are
considered.
According to the results of this paper, cost of system in a hybrid system
[69] SA PV, wind and battery COE including PV and wind systems, is lower compared to using either PV
system alone or wind system alone.
n this paper, a HRES including PV, wind and FC systems, to supply
) . power demand with consideration the outage probabilities of three main
[70] SA Wind, PV and FC Annualized cost I
ingredients of system, i.e. PV module, wind system, and power
electronic converter, is designed.
According to the results of this paper, the opportuneness and potential
[71] SA Wind, microturbine and battery Total operating cost merits of the presented PSO based energy management method for the
HRES.
. In this paper, to optimize the sizing of a HRES including PV, wind and
[72] SA Wind, PV and battery ACS
battery systems, an optimal approach based on a GA, is presented.
In this paper, to optimize the sizing of a HRES including PV, wind and
[73] SA Wind, PV and battery Total system cost battery systems, an optimal method based on a simulated annealing
algorithm, is presented.
. According to the results of this paper, a HRES in SA mode can deliver
[74] SA Wind, PV and battery NPV, COE
energy at an acceptable cost.
In this paper, the possible for achieving very high renewable energy
PV, small and large .
[75] SA System penetration and LEC  source penetration levels with the introduction of battery energy storage
wind, DG and battery
systems in an existing small island system is discussed.
. In this paper, a HRES including wind, PV, battery storage and DG
[76] SA Wind, PV and DG NPV
systems, was optimised with using GA.
In this paper, a developed formulation for determination of optimal
[77] SA-GC Wind, PV, DG and battery LCE resource sizing for planning of autonomous hybrid energy system is
presented.
Wind, PV, micro hydro
In this paper, to find the optimal sizing of a hybrid energy system, a
[78] SA plant and Total cost of the system
biogeography based optimization approach has been raised.
Battery
. In this paper, to find the optimal sizing of a HRES including wind and
[79] SA-GC PV, wind and battery Total annual cost
PV systems, a discrete simulated annealing algorithm is presented.
In this paper, an optimal method based on a GA for find the sizing of a
[80] SA Wind, PV and battery Total capital cost SA HRES including PV and wind systems is presented and according to
the results of this paper, the GA converges is very well.
In this paper, the performance of a HRES including renewable energy
[81] SA Wind, PV and battery Cost, efficiency systems and energy storage systems, to meet a controllable heating,

ventilation, and air conditioning has been evaluated.

response technologies and demand side management are con-
sidered. In [93], a multi-objective linear programming model
that can be used to determine the optimal size of HRES and ex-
isting fossil fuel facilities on a regional basis is presented. In [94],
the sizing and techno-economical optimization of a SA hybrid
system including PV and wind systems for three sites located

at Corsica island are presented. According to the results of [99],
via more efficient control and harmony of storage systems, the
wind power plant output can be buffered to ensure that it pro-
duces the prognosis amount of power within a tight tolerance.
A number of examples of the hybrid methods used in papers are
given in Tables 6 and 7.
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3. COMPARISON INDICATORS FOR SIZING METHOD-
OLOGIES

Selection of an appropriate method for HRES sizing requires
using some proper indices. This section presents some indica-
tors to compare the appropriate sizing methods of HRES, as
illustrated in Fig.6.

A. Input parameters

One of indicators used to compare sizing methods is their input
parameters. Input parameters reported in references for all of

Fig. 6. Comparison indicators for HRES sizing methodologies
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Fig. 7. Input parameters in sizing methodologies of HRES

the sizing methodologies are shown in Fig.7.

B. Type of energy sources

The second indicator is type of energy resources used in each of
the optimal sizing methodologies. Energy sources for all of the
sizing methodologies are shown in Fig.8.
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C. Merits

ch of optimal sizing methodologies, has its own advantages.

Merits for all of the sizing methodologies are shown in Fig.9.

Fig. 10. Demerits in sizing methodologies of HRES.

D. Demerits

To use each of the optimal sizing methodologies, there are some
limitations. For example, in graphical construction approach,
just two parameters can be contained in optimization process.
Parameters such as wind turbine installation height or PV tilt
angle was not included. Probabilistic approaches incapable to
represent the dynamic performance of HRES.

Demerits for all of the sizing methodologies are shown in
Fig.10.

Each of the indicators presented, for any of the sizing meth-
ods were evaluated and thus, the possibility of comparing the
optimal sizing methodologies of HRES to suit each specific sys-
tem and selection of an appropriate sizing for system designers
is provided. According to studies, each of the sizing method-
ologies, has its specific features but using hybrid methods can
cause a decrement in the operation time, while producing the
best suitable result simultaneously, due to the hybrid methods
or in other words, the multi objective methods can resolve the
constraints of a particular approach by adding some good fea-
tures of other appropriate approaches, so the multi objective
methods are the most versatile [103].
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Table 6. Summary of hybrid methods

SA, GC or Energy
Reference SA-GC sources Objectives Outcome
mode considered
In this paper, with using strength pareto evolutionary
[83] SA-GC PV, wind, diesel NPC, pollutant emissions algorithm, multi-objective design in the HRES design, is

considered.

wind, nuclear,

fuel consumption, Total

costs, CO2 emission,

In this paper, multi-objective generation expansion

[84] GC coal-steam, hydro, planning model of power electric system including RESs is
minimization of outage
Oil-steam evaluated.
cost and energy price risk
In this paper, a hybrid of renewable energy sources and
. maximize its contribution to the peak load is optimized.
[85] SA-GC PV, wind and hydro HRES share to the peak load
Also in this paper demand response technologies and
demand side management are considered
According to the results of this paper, compared to the
PV, wind, solutions provided by individual tabu search or
[86] SA diesel, biodiesel, Cost of energy individual simulated annealing methods, combining
FC and battery these two methods, ameliorates the obtained solutions,
in terms of convergence and quality.
Life cycle cost (LCC), In this paper, for the Multi-Objective design of a HRES
[87] SA PV, wind and battery system embodied energy, including PV, wind and battery, a controlled elitist
LPSP genetic algorithm is presented.
In this paper, to solve the distribution system
Voltage stability, COE,
X reconfiguration and sizing of HRES including PV,
[88] SA PV, wind and FC emissions and power loss
wind, FC, a new multi objective ABC algorithm has
minimization
been raised.
In this paper, the possibility of using battery storages in
. the public low voltage distribution grid, to defer
[89] GC PV and battery ACS, peak power decrement and voltage regulation
upgrades needed to develop the penetration of PV, is
investigated.
Emissions reduction, In this paper, optimal sizing of a wind-PV system with
[90] GC PV and wind estimated cost and social using various multi-criteria optimization
acceptance methods is presented.
In this paper, two algorithms for performing two
. L design scenarios and the results of case studies
[91] SA Wind, PV and DG LCE and reliability
delivered using the presented design approach is
discussed.
PV, wind, In this paper, a multi-objective evolutionary algorithm
[92] SA diesel, biodiesel COE and gas emissions method for the optimum economic and environmental
and battery efficiency of HRES is expressed.
A multi-objective linear programming model that can
Limits of capital investment,
. X be used to determine the optimal size of HRES and
[93] SA-GC PV, wind, biomass, coal plant generation and biomass

transport

existing fossil fuel facilities on a regional basis is

presented.
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Table 7. Summary of hybrid methods (continued)

SA, GC or Energy
Reference SA-GC sources Objectives Outcome
mode considered
In this paper, the sizing and techno-economical
. optimization of a HRES including PV and wind
[94] SA-GC Wind, PV and battery LCE, LPSP
systems (in SA mode), for three sites located at Corsica
island are presented.
In this paper, a set of trade-off solutions is presented
. Gas emissions, EIR and cost
[95] SA-GC Wind, PV and battery ; using the multi-criteria metaheuristic approach that
of system
Y offers many design alternatives to the system disigner.
In this paper, with using a multi objective genetic
. algorithm, size
[96] SA Wind, PV and battery ACS, LPSP
of a HRES including wind, PV and
battery are optimized.
Wind, PV, DG,
NPC, unmet load, In this paper, by expressing 2D and 3D Pareto front,
[97] SA-GC hydrogen and
pollutant emissions simultaneously optimized three conflicting objectives.
battery
Gas emission, energy According to the results of this paper, betterment of
[98] SA-GC PV and battery losses and generation voltage profile was the most suitable for the intermediate
cost values of objective functions.
According to the results of this paper, via more efficient
. control and harmony of storage systems, the wind power
[99] SA Wind and battery cost of storage system
plant output can be buffered to ensure that it produces the
prognosis amount of power within a tight tolerance.
In this paper, due to uncertainty of resources, associated
. . with wind speed and solar irradiation, a new approach to
[100] SA-GC Wind, PV, EC, battery and DG~ LLP, NPV and fuel emission
specify the power management strategy of the system, is
presented.
wind farms, nucler,
In this paper, a multiperiod multi-objective generation
steam units, coal Price risks and import of
expansion planning (MMGEP) model is raised and a
[101] GC units, gas turbines, fuel, costs and
framework to solve the MMGEP model )to obtain the
geothermal and environmental impact
Pareto optimal solutions( is presented.
hydro units
In this paper, a novel method for optimizing the size of a
. Total system cost,
[102] SA-GC Wind, PV, FC, battery and DG HRES including wind, PV, DG, FC, electrolyzer, H2 tank

CO2 emissions, LLP

and batteries is presented.
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4. CHALLENGES AND FUTURE TRENDS IN HRES

Despite the many benefits of using renewable energy sources,
there are challenges that need to be addressed in future research.
Some of these challenges include:

To increase incentives for using renewable energy sources,
their production costs should be reduced.

A significant part of energy in the energy conversion pro-
cess is eliminated by power converters in HRES.

Hydrogen economy and hydrogen production should be
the subject of future research, because success in this field
can be very beneficial.

Accomplish transient analysis of system by step changes
in the variable parameters is required for stability issues of
HRES.

Ore of the constant topics for research is the use of nanotech-
nology to improve the various components of the system.

Many research should be carried out in related to various
storage systems, to increases their lifespan and efficiency,
also the price reduction of storage systems should also be
considered.

5. CONCLUSIONS

In this paper, HRES sizing methods were reviewed and com-
pared using some appropriate indicators. According to the study
it was found that each of the sizing methodologies has its spe-
cific features but it seems that hybrid methods (combination of
two or more of above mentioned methods) may act better than
each of them lonely. At the end, some of the challenges and
future trends in the field of hybrid systems were discussed.
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