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The aim of this study is a multivariate analysis of energy pools based on
renewable energy sources in the energy supply system for the independent
consumer. The research provides the mathematical formula for optimizing
the main parameters and processes of the energy complex (EC) on the basis
of renewable energy sources (RES) to supply energy to many independent
rural consumers in the Hashemite Kingdom of Jordan. Methodology and
computation models can take into account additional conditions and
constraints, data, which give flexibility and versatility to the computation
models. The use of methods and guidelines at the design stage will increase
the competitiveness and cost-effectiveness of the Jordanian government
based on reliance on alternative energy sources, and improve the overall cost
to independent consumers of low energy in rural areas. The article is devoted
to the solution of the problem of developing technical solutions for
multivariate analysis efficiency of energy complexes based on renewable
energy sources in the system power supply of autonomous consumers.
However, current global trends are such that the cost of electrolyzes and fuel
elements decrease, and their reliability increases. To study the economic
efficiency of the application of the hydrogen accumulation system, two
models were included in the calculation program. In the first of the model,
the increase in diesel fuel prices corresponded to inflation, in the second, the
increase in diesel prices fuel outstripped inflation by 5-10% per year. Paying
attention to the first option showed that to use the system accumulation of
hydrogen is not economically feasible.

© 2022 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

result was a gradual replacement of nuclear plants
with renewable energy ones The development of

The world's interest in renewable energy is
attributed to several reasons. Firstly, many industrial
countries suffer from high levels of pollution, which
push the people to stand strongly against building
new conventional power plants. Therefore, the only
solution to overcome this problem is to introduce
renewable energy plants as a replacement for
conventional ones. Secondly, several countries
depend on nuclear power plants for their electrical
energy needs. After several nuclear disasters
occurred in Japan and Russia there was a strong
public movement against such type of energy. The
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science and technology, and most importantly self-
awareness humanity has now reached a level when
energy production is determined not only by
economic feasibility but also by a number of other
factors, the most significant of which are:
Environmental, social and factors related to the
prospect of human development and energy
security. In this work increased interest in the use of
renewable energy sources (RES) is obvious, even
despite their higher cost compared to traditional
energy sources. Renewable energy sources have
significant advantages environmentally and socially,
Renewable energy sources have been significantly
developed in countries with a limited resource base,
energy security directly depends on the supply of
energy resources (primarily oil and gas) from other
countries. These countries include the United States,
China, Japan, the countries of the European Union,
and Australia. First and quite a serious signal for
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such countries was the 1973 energy crisis when
OPEC countries increased oil prices several times.
The Hashemite Kingdom of Jordan also suffers from
a lack of resources, especially from oil and gas, and
depends more than 90% on imports from oil-
producing countries, which puts energy security at
risk (Assi et al,, 2012). As the new global epidemic
crisis in the fight against the COVID epidemic seeks
governments to plan for a post-COVID future, the
transition to renewable energy offers the potential to
accelerate and create new jobs, intensify economic
development and promote social justice and well-
being. For Jordan, there is an urgent need to
diversify the Energy mix and cost reduction with
renewable energy sources for long-term social and
economic life. Industrial development, without
putting additional pressure on public finances, for a
country with abundant renewable energy resources,
the transition envisaged would improve energy
security and reduce costs to consumers, as well as
improve environmental conservation. Jordan's
energy strategy for the decade reinforces the
diversification policy with an updated target of 31%
renewable power capacity by 2030. Rapid
population growth is bringing the economy under
immense pressure in the Hashemite Kingdom of
Jordan. As a rule, gasoline or diesel engines are used
to supply energy to consumers. Generators, which in
the conditions of Jordan reality are not always a
reliable and economically acceptable source of
electrical energy. For example, the cost of electricity
received from a diesel power plant (DPP) at about
1$/(kWh). In some regions, the cost of 1kWh is
received from diesel power plants.

Can reach 3 dollars and more (For example, in
some remote villages, especially in the northeastern
and southern regions of Jordan. So high the cost of
electricity and heat is linked with the need to deliver
fossil fuels a considerable distance into hard-to-
reach areas. In this context, the use of RES in Jordan
has very big prospects of its own. These areas
address various aspects of the development and
evaluation of renewable and alternative energy,
including the conditions and procedures for the
development and linkage of projects with different
standards and applications Use of renewable energy
sources (Lo, 2015). World experience in the
development of RES resources shows that the use of
only one type of RES in power supply systems for
autonomous consumers does not always allow
ensuring its reliable and uninterrupted power
supply due to the physical characteristics of the RES
themselves (Xianguo, 2011). In this regard, as a rule,
the power supply of an autonomous consumer is
trying to organize by combining different types of
RES in so-called energy complexes (EC). They
include usually include both power plants based on
renewable energy sources and diesel (gasoline)
power plants (DPP, GPP), as well as various types of
accumulation systems energy. In this regard, the
system itself becomes extremely complicated. Design
of parameters and modes of EC based on RES. In the
conditions of Jordan, where market relations are not
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finally established and there are many random and
uncertain factors affecting the efficiency of the ECs
themselves based on renewable energy sources, use
highly developed information, mathematical and
financial software economic justification of the
projected EC. It is becoming very difficult, but very
urgent. The problem of creating modern special
software for substantiating projects EC based on
renewable energy sources, working in power supply
systems of numerous autonomous consumers in
Jordan (Arkhipova, 2021; Tronchin et al., 2018; Gil et
al.,, 2021).

Renewable energy development in Jordan was
one of the first Middle East countries which have
used PV solar as a promising source of renewable
energy. The development of renewable energy in
Jordan has gone through two routes; technical and
legislative. Although Jordan is a small country in
terms of energy consumption and industrial level, it
could attract strong international interest for its
renewable energy projects. There are several
reasons for that interest. Firstly, it could develop an
approach for using renewable energy in systematic
form by setting a mature energy law, completing a
renewable energy grid code, applying net metering
and wheeling systems, exempting renewable energy
equipment from all taxes, and applying other
mechanisms. This has enabled all sectors in Jordan to
significantly benefit from renewable energy use
including commercial, industrial, and residential
customers. The second reason is the stability of the
political system in Jordan compared with all
neighboring countries. This stability has encouraged
several renewable energy companies to invest in this
technology and to consider Jordan as a center for
promoting and marketing their products to the
surrounding countries. This role was facilitated by
the presence of a strong Jordanian engineering
system able to transfer this technology to the local
community and neighboring countries. Moreover,
the intensive cooperation between all governmental
and private organizations, interested in the energy
industry, was significant in developing this new type
of generation and its associated technology
(Duchaud et al,, 2019; Elistratov and Kudryasheva,
2019).The third reason for the successful application
of renewable energy in Jordan is the prevailing
moderate climate which is very suitable for the
optimum operation of renewable energy systems in
general and Photovoltaic (PV) in particular. The
annual moderate average temperature and the
strong direct solar radiation in Jordan are important
conditions for optimum operation of PV systems.
These features have attracted all manufacturers to
measure the performance of their PV products and
to test them to take true feedback on their new
equipment and systems.

2. Literature survey
The development of the EC optimization problem

based on renewable energy modern universal
software and information complex designed to select
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and justification of the optimal structure, the main
energy parameters, and operating modes of EC,
working in power supply systems (electricity and
heat) of decentralized consumers of electricity in
Jordan: autonomous

Low-power consumers (up to 100kW) and local
power systems with a capacity of several hundred
kilowatts or several megawatts. This is a huge
number of civil and special consumers destinations
in the North, Far East, South, and all mountainous
regions of Jordan, the power supply of which is
carried out mainly from gasoline (low-power) and
diesel power plants (sometimes with a capacity of
hundreds of kilowatts). They consume millions of
tons of scarce and constantly rising cost of fossil on-
renewable fuel; the emissions of its combustion
residues have a negative impact on the environment.
In each country, in each region, the most promising
type of renewable energy sources with large
potential resources in a given territory, suitable for
unlimited use, are wusually chosen for energy
complexes (Arkhipova, 2021; Tronchin et al,, 2018;
Gil et al,, 2021). The above regions of Jordan usually
have significant resources of wind. In this regard,
this paper considers an EC based on the use of wind
power plants (WPP) in conjunction with DPP (GPP).

At the same time, it is possible to abandon fossil
fuels, provided that hydrogen is used as a fuel for
fuel cells or DPP. Jordan has great climatic diversity,
and the weather is very cold in winter, especially in
the mentioned places, so on a par with the provision
of electrical energy is acutely the task of providing
consumers with thermal energy and hot water
supply (Elistratov and Kudryasheva, 2016;
Tyagunov, 2017).

One of the most effective solutions to this
problem is the use of heat pump units (HPU). They
allow you to efficiently convert electrical energy into
heat using low-grade heat (soil, sea, etc.). A
schematic diagram of a power complex based on
wind, diesel, HPP, and a hydrogen storage system is
shown in Fig. 1. The main criterion for the optimal
operation of the installation is the minimum of the
reduced costs subject to full financing of the
construction energy complex by local investors.
Wherein inflation in the country and growth in value
is taken into account fossil fuels for three options:
pessimistic, medium, and optimistic. Construction of
the energy complex is carried out with the
involvement of local workers as well as installers'
main energy structures show (Fig. 1).

RES

Electrolyzer

A

DPP

/U\ /U\ T

02 H2 :> Inverter
||

full cells

e
PP —

Consumer

Heat pump
installations

Fig. 1: Flow diagram of a power complex based on Wind, diesel, heat pump installations, and systems

The energy complex must provide reliable and
uninterrupted operation of the power supply system,
in the whole for this depending on the type and
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category consumers in the power supply system
must provide appropriate sources of energy
smoothing turbulence of power output wind
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turbines in time, including sources of interrupted
power supply. The energy complex must provide
reliable and uninterrupted operation of the power
supply system on the whole. For this, depending on
the type and category consumers in the power
supply system must provide appropriate sources of
energy smoothing turbulence of power output wind
turbines in time, including sources of interrupted
power supply. In this regard, for such calculations,
you can use the currently existing wind speed
databases. The problem under consideration is
further complicated by the fact that in practice,
discrete the series of capacities of all types of power
plants as for based on renewable energy sources,
and fossil fuels.

At the same time, an attempt to take into account
all possible combinations of types of renewable
energy sources and traditional types of power plants
typical for power supply systems for autonomous
consumers in Jordan. At the same time, analysis of
territories in which are mainly located autonomous
consumers shows that the most a characteristic and
promising type of RES is wind energy, and the main
modern source for a power supply system based on
organic non-renewable fuels DPP and GPP (Min et
al, 2020; Anagreh and Bataineh, 2011). Given the
difficulty of delivering diesel (gasoline) fuel to
remote regions of Jordan, the growth in its cost, and
the negative impact of the work of DPP (GPP) on the
environment, it can also be considered the need for
the maximum displacement of such fuel from the
power supply systems of autonomous consumers in
the country is also obvious. Taking into account the
above, in the general setting tasks must be known
design parameters and EC modes based on
renewable energy sources for power supply systems
of autonomous consumers.

An autonomous consumer is considered at the
design point A with its coordinates in latitude and
longitude. For it, schedules of hourly consumption of
heat and electric energy are set, for it, hourly
consumption schedules are set. Q, and 7,

T=t;—t, =X A (1)
where t; — t; respectively initial and final time;
At;=1 h. These load curves must be covered by using
wind turbines; systems for producing hydrogen H2
and oxygen 02, which are accumulated and are
further used in fuel cells (FC) for obtaining
electricity, as well as through the use of related
devices: HPI, DPP or GPP. For all installations, the
necessary technical and economic parameters and
characteristics must be specified. For a wind turbine,
its type installed power N¥5, kWh, tower heightH,,
m, must be indicated, power depending on wind
speed Ny (v) cost, taking into account its delivery,
installation, and operation during a given resource of
the wind turbine, Permissible range of temperatures
and wind speeds for the considered type of wind
turbine, average hourly wind speeds V; i = 1,2, ...,
at point A, calculated taking into account the
roughness of the terrain at point A, wind roses for
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the height of the wind turbine tower(H;,) (Elistratov
and Kudryasheva, 2016).

For fuel cells and systems for accumulating
hydrogen and acid kind of need to know the
performance of electro-Leaser, M3 /H at normal
atmospheric pressure, Installed capacity P , kWh,
pressure comp Spring, the required capacity of tanks

for ~ Hydrogen storage 7V and oxygen
2
1702 ,M?3, installed capacity Fuel cell V;/¥S, kWh, the

cost of equipment, its delivery, and installation,
climatic.

Operating conditions For HPI with a vertical low-
grade heat extraction system, the following should
be known: Types of HPI and vertical heat
exchangers, soil type (low-grade heat source),
installed capacity NiN?, kWh, conversion factor
power supply to heat, average daily temperatures at
the design point, the cost of the HPI itself and its
delivery, installation, depth, m, wells, and the cost of
its drilling (Elistratov et al., 2017).

Required data on DPP (GPP): Type of DPP (GPP),
specific fuel consumption SFC, 1/kWh, cost fuel, the
service life of DPP (GPP), and its cost.

In the calculations, the operational and energy of
auxiliary equipment characteristics (inverters,
transformers, measuring devices, etc.). It is required
to find the optimal types and number of the main
elements of the considered exploitation in order to
ensure the minimum of the reduced costs for the
considered settlement period of time T = ¢; — ¢,,
C5° (T) = Cir + G+ Coe+Chpr+ CEePP(GPP)' (2)
where Ciyr, Ce¢, Cace,.Chipr Copp(cppy—given new costs
for WT, FC, hydrogen accumulation system, HPI,
DPP(GPP) accordingly, subject to the following
conditions and restrictions:

max INS INS INS
P SNyt + Nec” + Nppperp)

here P™%.consumer peak power; NSNS
Npppeppy-installed  capacity ~ WT,FC,DPP(GPP)
respectively;

P=Nyr i+Nic i+ Nwr DPP(GPP)i » (4)

where P-average hourly power of the consumer;
Nwri» Neciv Npppppyi-average hourly energy
production,

(5)

wri= ﬁWTi 071‘ ),
; (6)

i =Vmaxs

Here V,,,, -is the maximum operating wind speed;

0<Nyyr i <Nyyr'; (7)
0<Npc isNi'™; 8
Noeperry < Nopporey < Nppp 9

here ND";;"(GPP)-the minimum possible power

generation by DPP;
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Neci = Neei(Viy); (10)
0V, Wrc(t)) < ViRex (11)
Vi, (TY=1 Vig, Migr (£)) it (12)

where Vy, - volume of stored hydrogen, m3.

In (3), one should take into account the entire
main calculated Elements of the exploitation and in
(2) also take into account the capital investments
and other costs, recurrence of repairs, and
equipment resources. Analysis of the considered
problem allows us to classify it as a multifactorial,
integer taking into account the constraint equations
(3), conditions (6)-(11), integral constraint (12), and
nonlinear constraints (five). The dependence of the
reduced capital investments in exploitation on its
composition can have either one extra mum or

several. To solve the problem, you need methods of
the global search for a solution involving methods of
mathematical programming.

To make a comparative analysis option of the
considered exploitation and determine the most
acceptable option, a special program was developed
that allows you to compare the calculation results
when changing the input parameters. Fig. 2 presents
a simplified calculation algorithm composition and
capital investments in the wind-diesel complex for
the period T. The initial information is made up of
the following data: Hourly values of wind speed;
electrical and heat loads; power-graded options for
wind turbines; its power depending on the wind
speed v; DPP options ranked by power; the cost of
wind turbines and DPP; the cost of diesel fuel, oils.

‘m (v(t))

i=1,j=1, t=1,
V=0, Vo=0, T=1

Com =(( -
Cwr=(0, Cwri,.....,Cwrs)
Cof, Coo, Cf; Co, 1t
A
=i+l
A
t=8760T
NwT=NwTj(v(t)), Norp=NorPi,
Cwr=Cwri, Copp=Cpp )
Ki=false
Kj=CwT+Copp+CfVf T+CoVo T A

Nopp+NwT > P(t)+Q(t) n

Vi=Vi+(P(t)+Qn-Nwrt)Cof
Vo=Vo+(P(t)+Qn-NwT)Coo

[> K=min(K1,....... Kb) P j=1,i=1,t=1 j=i+1
+
v v
NwT=NwTj P
Nopp > (P(t) +Q(t)n) Norpp= (P(t) +Q(t)n) < Nopp i =Nppp

Norp=(P(t)+Q(t)n)

t=8760T

A

K, NwT, Nopp

t=t+1

End

Fig. 2: Algorithm for calculating the cost of construction and operation of a wind-diesel
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Complex for the power supply of an autonomous
consumer for a period of time T: v(t)—wind speed
versus time, m/s; P(t)-consumer electrical load, kW;
Q(t)—heat consumer load, kW; Nppp-installed
power of DPP, kW; NV, ins-installed capacity of wind
turbines, kW; N+ (v(t))-the generated power of the
wind turbine at the considered moment of time,
depending on the wind speed, kW; Cy,r -wind turbine

consumption in DPP, L/kW; Co,-0il consumption in
DPP, L/kW; Cr -fuel cost, rub.; C,-the cost of oil, rub.;
n-efficiency of the heating electric instrument; X -
capital investments, rub.; a-number of wind turbine
options; b-number of DPP options of the calculation
of the energy complex, consisting of DPP, WT, HPI
and storage systems hydrogen so (Fig. 3).

cost, rub.; Cppp-cost of DPP, rub,; Cos -fuel
Initial data: equipment
parameters;
i=1 [ .
Energetic resources;
Economic data; period of time
> i>3
Y Y Y A 4
. . . Definition system
N Selection of Selection of Selection of arameters achmuIation
DPP WT HPI P
hydrogen
A 4
Repair and Repair and )
P P . Repairs and replacenment
replacement replacement Repairs HPI electorlvzer
DPP WT y
I
A 4
P t Y
aymen .
v . Repair and
Economic
> < replacement fuel
Parameters
elements
Energy complex
Calculation results:
1.Composition of the energy
i=i+l complex
2.Mode of operation

3.Capital investments

Fig. 3: Block diagram of the calculation of the energy complex, consisting of DPP, WT, HPI, and storage systems hydrogen

According to the principle of operation of this
algorithm, the entire program for calculating the
investigated energy complex based on VEI is built,
block diagram which is shown in Fig. 3.

3. Results

The remote areas, where the price of diesel or
fuel for generators and power stations is high, are
many, and in the current situation, they are in dire
need of independence in obtaining electricity and
heating needed in the very cold winter, especially in
desert areas such as Wadi Al-Hasa in southern
Jordan. Wadi Al-Hasa is one of the Jordanian regions
that enjoy diverse geographical terrain, and this is
what makes it an important landmark for benefiting
from renewable energy sources, especially wind.

As shown in Fig. 4, the average wind speed in the
area is inhabited by thousands of people who need to
build independent stations to generate electricity
and get the necessary heating in the winter without
paying huge sums to the low-income residents in the
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area. Many projects can be done in this area through
the study described in this paper, whether for local
residents or at the commercial level, where many
resorts and hotels can be built, especially since the
area enjoys a diversity of terrain and a number of
water springs that make it an important tourist area,
in addition to having a history Important in the
volatility of civilizations on their land. Assume that
we need guaranteed electrical power. The supply
cable is 7kw, the total max power Energy
consumption under normal conditions; is 19.8kW,
and if there are service Temporary employees-
25.8kW. Generally, the average annual wind speed is
10m/s, which undoubtedly confirms the economic
feasibility of the use of wind energy in the area. This
has been shown in practice. A wind-diesel complex
has been implemented at the facility on the basis of
two wind turbines AWT-30, consisting of three main
components: wind-driven  generator set of
accumulator batteries (ACB) and diesel-engine
driven generator (Fig. 5). This project can serve as a
good example for studying the possibility of creating
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a complex, the diagram of which is shown in Fig. 1.
There are delivery difficulties with diesel fuel for the
facility. Installed on it wind turbines provide up to
82% of the energy needs of the consumer. The
remaining 18% of electricity must be generated with
the help of DPP. Applying the above-described
scheme of the power complex (see Fig. 1), the use of
diesel fuel can be minimized (1-2% of electricity
generation), however, as studies have shown, a
complete rejection of its use is currently not
economically justified (Elistratov et al., 2017). One of
the ways to reduce the use of diesel fuel is to use an
accumulation system Hydrogen. At present, the cost
of the power complex according to the diagram in
Fig. 1 is high enough. In a chain electrolyze-
compressor-storage system hydrogen and oxygen
fuel cells include four cells in which three processes
take place: Electrochemical decomposition of water

14

12
10
8
6
4
2
0

1-Dec

Average Wind Speed (m/s)

-Jan 1-Feb 1-Mar 1-Apr 1-May

1-Jun

into  hydrogen and oxygen; compression
(liquefaction) of gases for storage; electrochemical
oxidation of hydrogen for receiving electricity. A
large number of elements negatively affect the
reliability of the system on the whole. However,
current global trends are such that the cost of
electrolyzes and fuel Elements decrease, and their
reliability increases.

To study the economic efficiency of the
application of the hydrogen accumulation system,
two models were included in the calculation
program. In the first of the model, the increase in
diesel fuel prices corresponded to inflation, in the
second-the increase in diesel prices fuel outstripped
inflation by 5-10% per year. Paying attention to the
first option showed that wusing the system
accumulation of hydrogen is not economically
feasible.

-Jul 1-Aug 1-Sep 1-Oct 1-Nov

Month

Fig. 4: Monthly average values of wind speeds in Wadi al Hasa, Jordan

(A

Diesel

Equinpment Contaner
Fig. 5: Autonomous wind-diesel complex with a capacity of 60kW
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The calculation of the second option showed that
the use of hydrogen technologies can be sufficiently
effective. The most preferable turned out to be a
power complex with the following parameters:
Installed capacity of wind turbines-40kW;
electrolyze power-10kW; hydrogen storage capacity
-1000m3. Power of fuel cells-10kW. The cost of such
a power complex will be 176 326 united states
dollars, and the payback period will not exceed 9
years. Considering that there are already two wind
turbines with a capacity of 30kW each, then the
installed capacity of the electrolyze will be 6kW, fuel
cells-12kW; capacity of hydrogen storage-1500m3,
and the payback period will exceed 10 years. Fig. 6
shows a graph illustrating the operation of the

30 A
25 A

20 A

P, kW

15 4

10 A —

(31

1 2 3 4 5 6 7 8

investigated power complex and the dependence of
power on time. During the period when the wind
speed allows the wind turbine to operate at the
optimum mode, the generated power is sufficient for
the power supply of the consumer, as well as for the
production of hydrogen (zone 2 in Fig. 6). As soon as
the wind speed decreases, and therefore decreases
power generation, missing capacity is replenished by
the previously accumulated hydrogen (zones 1 and 3
in Fig. 6). With full use of hydrogen or system failure,
the DPP is turned on (zone 4) in Fig. 6. The work is
not explicitly reflected in HPI, however, the electrical
power consumed by it is included in the load
schedule. Since the system uses hydrogen storage,
hydrogen must be stored somewhere.

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time, h

®mH2 ODPP OFC OWT

Fig. 6: Dependence of the generated power of the power complex and the load graph of the consumer

Fig. 7 shows a graph of changes in the volume of
hydrogen reserves during the year for the
considered power complex with a zero supply of
hydrogen for the initial moment with unlimited
capacity of tanks for its storage. Analyzing this

1600 1
1400 A
1200 A
1000 -
800 A

600 A

hydrogen volume, m3

400 A

200 4

graph, we can say that by the end of the year,
hydrogen reserves are significantly being
replenished. This suggests that a sufficiently large
hydrogen storage facility will reduce the use of fossil
fuels to zero.

Fig. 7: Change in the volume of hydrogen reserves during the year for the considered power complex with an installed wind
turbine capacity of 40 kW
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Fig. 8 shows a diagram that displays changes in
fossil fuel consumption and the required capacity of

30 -
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£ 20 -
15.8

S 15 4

10 A

Hydrogen volume, thousand m3
diesel fuel volume, thousand liters

51 29

’ ]
0 -

8 16

0.2
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24

the hydrogen storage tank depending on the
installed capacity of the wind turbine for the year.

17.8
6.1
3
1.6
- 02 0
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Installed power of wind turbines, kW

®myolume of hydrogen VHL

fuel volume vf

Fig. 8: The volume of used fossil fuel and the capacity of the hydrogen storage tank, depending on the installed power of the
wind turbine for the investigated EC

4, Discussions and conclusions

Calculations show that already at present, it is
possible to create an energy complex based on wind,
heat pumps, diesel installations, and hydrogen
storage systems. The project in question showed the
economic efficiency of this complex. At the same
time, it is possible to refuse the use of DPP. However,
for the final decision, this issue requires operational
experience. In general, calculations and studies show
the high energy efficiency of the complex, and in the
presence of the above conditions associated with
fuel delivery problems, and its economic efficiency. If
we take into account the downward trend in the cost
of renewable energy equipment, then we can say
that the massive use of such power systems is in
question in the next decade.
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