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Abstract

Original scientific paper
The importance of solar energy is increasing due to climate change and similar reasons. However, the biggest barriers to solar energy
investments are the high initial investment cost and the long investment payback period. In this study, the effects of technological
developments in the investment payback period are examined. It has been investigated how the increase in PV panel efficiency affects the
investment payback period of solar energy systems. The annual average profit, the daily gain to be obtained according to the different PV
panel efficiency values are calculated, and the effect of different PV panel efficiency values on the investment payback period of 1 MW
PV power plant has been investigated. Levelized cost analysis has been used in this study. In the future, it has been found that the payback
period of 1 MW PV power plants may be less than 3 years if high-efficiency PV panels take their place in the market.
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PV PANEL VERIM PARAMETRESININ YATIRIM GERi ODEME SURESINE ETKISININ
ARASTIRILMASI

Ozet
Orijinal Bilimsel Makale

Iklim degisikligi ve benzeri nedenlerle giines enerjisinin énemi giin gectikce artmaktadir. Bununla birlikte, giines enerjisi yatirimlariin
oniindeki en biiyiik engel, yiiksek ilk yatirim maliyeti ve uzun yatirim geri 6deme siiresidir. Bu ¢alismada, teknolojik gelismelerin yatirim
geri 6deme siiresindeki etkileri incelenmistir. PV panel verimliligindeki artisin, giines enerjisi sistemlerinin yatirim geri 6deme siiresini
nasil etkiledigi aragtirilmistir. Yillik ortalama kar, farkli PV panel verimlilik degerlerine gore elde edilecek giinliik kazang hesaplanmis ve
farkli PV panel verimlilik degerlerinin 1 MW PV santralin yatirim geri 6deme siiresine etkisi arastirilmigtir. Bu ¢alismada seviyelendirilmis
maliyet analizi kullanilmigtir. Gelecekte, | MW PV enerji santrallerinin geri ddeme siiresinin, piyasada yiliksek verimli PV panellerin yer
almast durumunda 3 yildan az olabilecegi ifade edilmistir.

Anahtar Kelimeler: PV, giines enerjisi, PV verim.

1  Introduction studies are an economic feasibility study for investors. In
that study, factors that affect the investment have been
defined prior to the investment decision considering many

parameters which are urban areas, solar radiation and slope

Economic models have been developed to examine the
effects of solar energy on economic growth data. A

structural economic model has been developed from those
economic models [1]. In the literature, different studies on
the economic analysis of solar power plants can be found.
In one of those studies, five different power plants with 1,
5, 10, 25 and 151 MW were analyzed by using the leveled
electricity cost method [2]. Studies in the literature can be
examined in a wide-band range from general topics such as
sectoral to specific studies on the feasibility of PV power
plants. The review study was carried out emphasizing the
importance of site selection for solar power plants. Those
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[3]. Levelized Cost Analysis is one of the most widely used
methods. In that analysis, many input parameters are
considered such as the lifetime of the system, share of debt
and equity, interest rate on debt, return on equity, weighted
average cost of capital (WACC) real which is calculated
with an inflation rate, OPEX fix (EUR/kW), OPEX
variable (EUR/KWHh) [4]. It is also seen in the literature that
various analyzes of complex solar energy systems are also
made. In one of these studies, detailed research was carried
out on the energy and economic efficiency of

Doi: https://doi.org/10.46460/ijiea.928012


https://doi.org/10.46460/ijiea.928012
https://dergipark.org.tr/ijiea
https://orcid.org/0000-0002-4057-8750
https://orcid.org/0000-0003-4523-6984

H. Benli and M. Girtiirk

Nomenclature

Abbreviation

Sub- and Subscripts

a empirical constant for climatic conditions
AC annual capital cost (US$)
b empirical constant for climatic conditions
d angle of declination
f solar constant correction factor
H sunrise hour angle
h hour angle
I Solar radiation (W/m?)
oM cost of operating and maintenance (US$)
Rs solar radiation angle factor
t duration of solar radiation incoming on the surface of the PV module
7 capital cost flow (US$/h)
Greek Letters
T total annual number of hours of the system operates (h)
v exponential change of instantaneous total solar radiation

Cl capital investment

oM operating and maintenance

GS solar constant

A atmosphere

y horizontal plane

S solar radiation incoming on the surface of the PV module placed with an optimum angle

desiccant cooling (DEC) systems. For applications, the
DEC was configured with both solar air collectors and
PV/T [5]. The energy efficiency and economic assessment
of solar air-conditioning by absorption chiller applied to
the building sector was examined [6]. The biggest obstacle
to solar energy investments is factors such as the initial
investment cost and financial risks [7]. Due to these
financial barriers, the economic evaluation of solar energy
systems, feasibility studies and many similar analyzes are
carried out by the researchers. In one of those studies, the
authors studied the impacts and economic evaluation of the
solar PV mirroring system [8]. In solar energy systems,
optimal parameters such as optimal energy costs were
investigated. Also, reference [9] can be examined for other
parameters. Techno-economic analyses, in which optimum
parameters for PV investments are determined, are seen to
be among the trending topics in the literature [10]. It is
known that the two most important analyzes applied before
investment for solar power plants are technical and
economic feasibility studies [11]. One of these studies, the
authors carried out the technical and economic feasibility
of a 50 MW solar power plant which is grid-connected
[12].

Examining the effect of the increase in panel efficiency
on the return on investment in the literature review is a less
studied subject. The investment payback period has been
calculated according to use PV panels having different
efficiency valuesina 1 MW PV power plant. Materials and
methods used in the study are discussed in the next section.

2 Material and Methods

In this study, a 1 MW PV solar power plant has been
analyzed. This solar power plant is assumed that it has

different PV efficiency values and the PV power plant was
installed in the city of Antalya in Turkey. The city is
located in an efficient location in terms of solar energy. In
the analysis, the annual sunshine time of the plant will be
98 hours [13]. Monthly sunshine duration varies. For 12
years, the average annual solar radiation is approximately
5 kWh/m2 [13]. The optimum collector angle for Antalya
is considered as 330 [24]. The latitude of the considering
place is 360. The efficiency of the PV panels used in
emerging countries is about 16%. In this analysis, the
properties of the PV panels which will be used ina 1 MW
power plant and detailed information on the cost
parameters considered within the scope of the study can be
found in Ref [14]. Economic parameters to be taken into
consideration in this analysis have been expressed for
Turkey. The average loans (commercial - US dollar) rate
given by banks in Turkey is 5.25% between 2002 and 2020
[15]. This ratio varies according to emerging countries. At
the same time, for all other parameters which are not
considered in this analysis have been considered as
constant. Some of these assumptions are following,

-All year round the weather is sunny.

-Parameters such as humidity, pressure and wind that affect
solar radiation have been neglected.

-The decrease in efficiency due to the temperature of the
PV panel has neglected.

-The efficiency decrease due to the pollution factor on the
surface of the collector is neglected.

-The prices of PV panels with different efficiency values
considered in the analysis and the prices of other system
components have been considered as constant.
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Several studies have been carried out to increase the
efficiency of the PV panels. Currently, solar cell efficiency
parameters are published by NREL. Considering the data
from this source, the highest solar cell efficiency value has
been determined as 46% [16]. Considering the determined
parameters, the efficiency values of the PV panels used in
the plant have been changed. Efficiency values of PV
panels are changed from 20% to 45%. The methods and
equations considered for the solar radiation values are as
follows [14].

24 . . T
l,=—-l. -f-sind-sine-| —-H -tanH
p= e [180 ] ®

Eq. (2) indicates the value of the daily sunlight [14,17,18].
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Eq. (4) shows the value of the solar radiation incoming on
the surface of a PV module [14,17,18].

I, =1R, )

Eqg. (5) is used for energy production from 1 MW solar
power plant

P=n-1-A ©®)

The methods and equations considered for the economic
feasibility are as follows

Z isthe capital cost flow [19].
Z2=2%47Z% (6)

Where Z©'" and Z°" indicate the hourly levelized cost of
capital investment and operating and maintenance,
respectively.

The hourly levelized capital investment cost of the solar
power plant (Z<' ) is shown as [14,19]

Z‘m :A_C (7)
T

Hourly levelized operating and maintenance cost ( zoM )is

calculated by using Eq. (8) [14,19].

FOM _ O_M (8)
T

The cost parameters are presented in Table 1.

In many studies and as previously mentioned, PV power
plants are considered as risky investments due to their long
payback period.

Table 1. Economical parameters of solar power plants for 1 MW power
[14].

Parameters Costs
PV modules (270 W) US$ 594,000.00
Inverter US$ 98,600.00

US$ 237,726.00
US$ 226,437.00
US$ 1,156,763.34

Other system components
Other costs
TOTAL COST

The most important parameter affecting the payback period
of the system is that the PV panel efficiency is still
insufficient. In this study, considering the current
economic conditions, the payback period of the system has
been determined and compared for different efficiency
values of PV panels. The efficiency of PV panels, which
are used currently in PV power plant, has been considered
as 16.62%. The assuming efficiency values of PV panels
are 20%, 25%, 30%, 35%, 40% and 45%. Actually, these
efficiency values were determined to investigate the
answer to a question. This question is if PV panels having
higher efficiency values were used today, what would be
the investment payback period of PV solar power plants?
In this part of the study, used materials and methods were
presented. The data obtained are presented in the results
and discussion section

3 Results and Discussion

When the studies and technical reports in the literature
are examined, it is seen that there are many parameters that
affect the initial investment cost of solar power plants.
Considering these parameters that increase the cost, it can
be concluded that important topics such as concentrating
on R & D and innovation studies, produce the high-
efficiency panel, and obtaining cheap raw material should
be the priority [20]. The use of high-efficiency PV panels
will significantly shorten the payback period of
investments in solar power systems. In addition,
prolonging of the lifetime of PV panels is an important
factor. The lifetime of PV panels is expressed as 25 years
in many articles and brochures [14,21]. Improvements in
the lifetime of PV panels used in the sector will positively
affect the investment in PV power plants. It can be clearly
seen that the solar energy sector has serious problems in
emerging countries. So how can investment in solar energy
be supported globally? The answer to this question is
technology. The main parameters that should be examined
under the title of technology are PV panel efficiency and
the lifetime of PV panels. However, the most attractive
parameter for investors is the increase in efficiency of the
PV panel. The efficiency of the PV panels is directly
related to the payback period of the investment and it can
be even more important than other parameters such as price
and lifetime of the PV panel. Technological developments
guide the future of the solar energy sector.
Technologically, PV efficiency is increasing day by day.
Many useful findings such as payback period of the
investment, profit and loss situation can be obtained
according to economic conditions of today and different
PV panel efficiencies. When the PV panels assumed to
have different efficiency values are used in a 1 MW PV
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power plant, the daily gain amounts in the plant can be
calculated. These findings are shown in Fig. 1.
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Figure 1. Average daily profit of 1 MW PV power plant according to
different PV efficiency values
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When the data in Fig. 1 are examined, it is seen that
net profit is around 3500 dollars per day with using of the
PV panels which have 45% efficiency in summer. When
the efficiency value (16%) of the PV panels, which
currently use in the solar market, is considered, it is seen
that PV power plant makes a net profit of around US$ 1000
per day in the summer months. When these two efficiency
values are compared, it is seen that the profit from the plant
using PV panels having the efficiency of 45% is 3.5 times
higher than that from 1 MW PV power plant using existing
PV panels (16%). Average yearly profit from 1 MW PV
power plant according to different efficiency values of PV
panels in the scope of the study is given in Fig. 2.
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Figure 2. Average yearly profit of 1 MW PV power plant according to
different PV efficiency values

Average Yearly Profit (US Dollar)

When the data in Fig. 2 is examined, annual net profit
status is expressed according to different efficiency values
of the PV panels. It can be assumed that the investment
payback period of 1 MW PV power plant should be less
than 3 years. It is seen that the choice of PV panels having
efficiencies of 30% or more will provide a very attractive
advantage for the investor. High-efficiency PV panels will
change their perspective on PV power plants, which are
considered a risky investment by financial institutions.
These results show that financial barriers, one of the
biggest barriers to PV power plants, can be overcome via
technological advances. In this analysis, it should be noted
that PV panel prices have been assumed to be constant for
each efficiency values. The increase in PV panel efficiency
will also have an upward impact on panel prices. Also,

changes in the capacities of the system components need to
be taken into account. It will be very difficult to estimate
the price for the future. The findings show the importance
of R & D for solar energy. The investment payback periods
of the 1 MW PV power plant according to the different
efficiency values considered within the scope of the
economic analysis are given in Table 2.

Table 2. Payback period of the 1 MW PV power plant according to

different efficiency values of PV panels

PV panel efficiency values Payback period of the investment cost

16% 6 year — 3 month
20% 4 year — 5 month
25% 3 year — 3 month
30% 2 year — 7 month
35% 2 year — 2 month
40% 1 year — 9 month
45% 1 year— 7 month

The most important objective of investors in emerging
countries is to maintain the value of deposits of them
against high inflation. The economic feasibility shows that
there will be a significant increase in the investments to be
made in PV power plants by obtaining high-efficiency PV
panels with advanced technological solutions and studies.
Therefore, technological developments in solar energy
should be given more importance. In particular, the
necessity to increase the funds allocated for investments in
solar cells has been clearly stated by the findings of this
study. It can be concluded that PV panels with high
efficiency will create very attractive opportunities for
investors. PV panel efficiency used in developed countries
is about 20% values. In emerging countries, PV panels
having a lower efficiency of 16 - 17% are used. It is seen
that the efficiency value of the PV panels used in solar
power plants has a significant effect on the payback period
of the investment costs. The use of solar energy is
increasing despite many barriers. In the long term, solar
energy is predicted to have a 10% share in global energy
production by 2050 [22].

4 Conclusion

The high initial investment costs and the long
investment payback period of solar power plants are
directly related to PV panel efficiency. When the solar
market will launch high-efficiency PV panels, the solar
energy sector will be stronger against global economic
shocks and global risks. The PV panels having high
efficiency will be used in the PV power plants in the future
and the investment payback period will decrease. The data
show that high-efficiency PV panels will more profit than
the current PV panels in the future. The use of panels with
PV efficiencies of 30% or more provides payback period
which is less than 3 years. It may a long time for the PV
panels with high efficiency to take their place in the
market. Investment and production costs, easy production
and the need for advanced technology should be considered
to produce high-efficiency PV panels.
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