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Abstract: In this study, the effect of energy cost liberalization policies on the cost-effectiveness of
wind farms compared to gas power plants has been investigated. To calculate the cost of electricity
generation from various sources, including wind energy and fossil fuels, the “levelized cost”
method has been used as the most acceptable economic method to compare different types of elec-
tricity generation technologies. In addition, calculations related to the cost of electricity, different
fuel prices, different technologies of wind farms, and different prices of different types of fuel are
considered. Based on the results of this research, it was found that by targeting fuel prices in the
country, wind farms are quite cost-effective, and considering the cost of the opportunity to use die-
sel in the country, the construction of these power plants can provide the possibility of exporting
this fuel. This cost also increases with the production of valuable equipment in the country. The
important point is that the macro policy should localize the wind turbine industry with priority to
its valuable parts and components due to fuel price changes. This policy will continue to make this
type of power plant cost-effective in the country and the employment of specialists in the country.

Keywords: wind farm; gas power plant; energy price liberalization; levelized cost.

1. Introduction

The importance of energy in today’s world has led various countries to develop en-
ergy resources, oil, coal, and gas - which are the most common and polluting energy
sources globally - increase the share of new renewable sources in their energy portfolio.
Among the various types of renewable energy, wind energy is more than other renewable
sources in the world.

Iran is a large country with many windy places. These resources can meet many of
the country’s energy needs in the not too distant future. Unfortunately, in recent years,
little attention has been paid to this issue. This is because oil and gas prices in Iran are
unrealistic, and therefore, wind energy has lost its economic justification[1, 2].

With the liberalization of prices and the realization of the price of diesel and gas in
Iran, electricity production using wind energy is competitive with other energy sources.
This research seeks to show that it is scientifically possible to justify energy production
through wind compared to energy production through fossil fuels (gas power plants) by
considering the actual fuel price without subsidies. For this purpose, we provide a scien-
tific approach to this issue and examine various issues. Due to the importance of wind
energy for sustainable energy supply in the country, we first examine the importance of
paying attention to this area and then express the important hypotheses raised in this
research. The research method and research results are presented below|[3, 4].
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2. Literature Review

This article seeks to examine the cost of generating electricity from wind farms and
compare it with the actual cost of generating electricity using fossil fuels. For this purpose,
we review the activities carried out in this field over the past years.

Due to the importance of this issue, many studies have been conducted to compare
the cost of electricity generation from different sources. In many studies, wind power gen-
eration costs have been compared with other power generation methods, some of which
are mentioned below. In some of these studies, due to the differences in electricity gener-
ation technologies in terms of investment requirements and maintenance specifications,
to achieve a correct and scientific comparison, the costs are transferred to the base year
using the discount rate and, in this case, levelized cost. Levelized costs include investment
or initial costs, maintenance costs, fuel costs, and external impact costs. Maintenance costs
themselves are divided into two parts, fixed and variable. Fixed costs are proportional to
the installed capacity, and variable costs depend on the level of production.

A researcher compared three types of energy production methods. These methods
include energy production through algal biodiesels, canola biodiesels, and fossil fuels. By
analyzing private costs for energy production, they have shown that algal biodiesel, the
second generation of biodiesel generators, has no economic advantage over other meth-
ods. Of course, certain conditions under which algal biodiesels can compete with other
methods[1].

Another study has done a useful life analysis for electricity generated by conven-
tional and renewable systems in Egypt using the LCC model. In his analysis, he considers
the cost of externalities based on the competitive locations of solar cells and wind energy
converters. His research shows that the costs of conventional systems increase over time
due to reduced resources and the strengthening of environmental pollution standards.
According to this research, wind energy is the most economical energy, but it should be
noted that wind is not always present to achieve accurate results[2].

Another researcher, by statistically examining the production of various energy
sources, has shown that wind farms compete with power plants due to the increase in
investment costs in energy production, increase in fossil fuel prices over time, and increase
in the tendency to calculate environmental costs and profits. It is common to generate
electricity[3].

Other researchers compared fourteen different technologies using the levelized cost
method. Specifically, the addition of the cost of external effects in finding the final costs
has been studied in this work. The result of the research is that increasing the cost of ex-
ternal influences increases freedom of choice. Clean energy is also cost-effective[4].

Data published by a researcher shows that wind power at the cost of $ 48 to $ 95 per
megawatt-hour is one of the cheapest power generation options that all of these calcula-
tions have been done for the United States|[5].

In 2010, the NEA and EIA examined the equilibrium cost of power generation tech-
nologies in different countries (Figure 1). These reports show many differences between
different countries regarding the change in construction costs and electricity production
costs. According to these reports, the main part of electricity generation costs in non-fossil
power plants is investment costs, while more than half of the final cost of fossil electricity
is fuel costs.

Therefore, if the costs of external influences such as air pollution in the region and
the emission of greenhouse gases are properly calculated, the total cost of electricity gen-
eration will change and increase.
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Figure 1. Cost of different power generation options(Entler et al., 2018)

The study of internal studies in the field of wind power plant development shows
that the orientation of most of these studies is towards the economic and technical study
of wind power plant construction. Research has studied wind power technologies, their
electronic control, and production quality control of production power. In this research,
after examining wind power plants from a technical and financial perspective, the price
of electricity produced by these units has been calculated. By calculating the present value
of electricity generated from wind, steam, and gas power plants and taking into account
the social cost of three important environmental pollutants (carbon dioxide, sulfur dioxide,
and nitrogen oxides), wind power plants are more economical than conventional power
plants with conditions Compared has been achieved. Also, a case study of turbines in-
stalled in Manjil and Rudbar has shown that the annual production of turbines in these
two sites is more than the annual production of similar turbines in other parts of the
world[6]. Another researcher has performed a financial and economic evaluation of wind
power plants using Excel and Visual Basic software based on the economic indicators of
profit to cost and net present value of capital[8]. An expert compared wind power plants
with competing options such as gas and hydropower plants and combined cycle. In this
research, based on the cost-equalized cost method, the electricity produced in these power
plants has been compared with each other, and different scenarios of fuel price (natural
gas fuel) with a fixed fuel price have been developed[9]. In another study, the various
effects of wind and fossil power plant were calculated numerically and included them in
the production cost. In another paper, during a study, I have studied the various wind
turbines available in the global market for use in the teachers” area of Semnan province
from an economic point of view and have selected two types of turbines as the best op-
tion[10]. Other researchers, using the MIRR method from the perspective of shareholders
and private sector partners, have evaluated the economic use of wind energy. They have
shown that by considering the price of fossil fuels and the sale of electricity at world prices
on the energy exchange and assuming the sale of CER securities, the plan is economically
justified from shareholders and trading partners with low borrowing rates and high rein-
vestment rates[11]. Another researcher has studied successful countries in wind power
generation to provide a suitable support solution for wind power development [12].

Studies conducted in reputable domestic databases such as the Iranian Institute of
Science and Technology and the National Library showed that price liberalization in var-
ious fields such as agricultural products and the automotive industry had been studied.
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However, in energy cost liberalization policies on renewable energy development, espe-
cially wind energy, no research has been done that has studied different dimensions[13,
14].

Although many studies have been conducted on the economics of wind power gen-
eration, so far, a study that includes a sensitivity analysis of fuel prices (given the coun-
try’s economic conditions and fluctuating fuel prices, this is particularly important) to ex-
amine the effects of liberalization of energy prices has not been done with two types of
gas and diesel fuels, as well as considering different technologies for wind power gener-
ation. Given the need to liberalize energy prices in the country to increase productivity,
reduce the intensity of energy consumption in the country, and equitable distribution of
energy subsidies, it is necessary to examine various aspects of the effectiveness of this
policy in the development of wind farms. The results of this research will help researchers,
policymakers, and executives of the country’s energy sector to gain more knowledge of
the effects of these policies and, as a result, if necessary, to review and amend existing
policies. For this research, two hypotheses are defined as follows: 1. Energy price liberal-
ization has positive effects on wind energy use. 2. Energy price liberalization policies lead
to more cost-effective wind energy than conventional (gas) power plants.

3. Materials and Methods

The net present value method is one of the discount indicators of the project’s value
and evaluates a project using the net present value of its benefits. First, all revenues and
expenses must be converted to present value, and the net present value of benefits can be
obtained from the difference between revenues and expenses. If the NPV is less than zero,
it is a non-economic project, but if the NPV is positive, it is an economic project, and it
means that the current value of expenses is less than the current value of revenues
(Skonjad, Mohammad Mehdi, 2009).

. R
NPV(i,N) = ¥V, qul)t 1)

t: cash flow period i: interest rate Rt: net cash flow

The internal rate of return method is the rate at which the project’s net present value
is zero. To calculate this rate, the above relation is set to zero. The rate (number i) obtained
from solving this equation is the rate of internal efficiency of the project (Majidian, Davood,
2003). A levelized cost method or uniform annual cost approach is similar to the current
value method. In this way, costs are converted into a uniform annual payment. In other
words, cost equals a fixed amount of revenue per unit of product that can cover all project
costs over the life of the service. The internal rate of return method and the present value
method only examine the profitability of projects and increase the initial investment value.
While from the government’s point of view, investments are generally made at lower costs.
In other words, for the government, a power plant where the cost of producing a unit of
electricity is lower is a priority. As a result, indicators such as profitability and the net
present value of the investment are the next indicators to evaluate.

In explaining this issue, it can be added that the internal rate of return method is used
in financial analysis and the decision to enter or not to invest in the project and does not
talk about the cost; As this method determines the rate of return that the investor is willing
to invest in the project. Since this study aims to obtain the cost of power plant electricity
from the government’s point of view, it is not appropriate to use the internal rate of return
method to address this issue. Also, in the present value model, to compare the projects,
the common life of the projects should be considered. Due to the variable lifespan of gas
and wind power plants, therefore, economic evaluation of the cost of electricity of these
power plants, which have different life cycles, is not appropriate to use this method and
therefore we abandon it, so according to these conditions, the Levelized method cost has
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been used as the method used in the economic analysis of power plant projects. In this
method, the project cost is calculated using annual costs over the plant’s life cycle and
includes initial costs (design, certification, installation), operating costs, maintenance costs,
and external costs. Discount rates are usually used to calculate the present value of costs,
expressed as a percentage and annually. Costs are divided into electricity generation costs
and costs imposed on the community during electricity generation. Electricity generation
costs include variables such as initial investment, maintenance costs, and fuel costs. Since
maintenance costs and fuel costs increase with inflation and rising fuel prices, respectively,
their growth rate can be included in the calculations. Maintenance costs are classified into
two categories: fixed and variable. In the second part, the equalized cost of electricity gen-
eration is the cost imposed on society, which includes the costs of external effects of elec-
tricity generation. For example, the cost of damage caused by the emission of pollutants
by fossil fuel power plants significantly affects the equivalent cost of electricity generation
of these power plants but does not affect the electricity generation of wind farms. Consid-
ering these factors, the final equation of electricity generation cost can be written as fol-
lows.

< Coanr (1 + eoam)t < Cruer(1+ eruer)’
LCOE = C, + Z 0&M 0&M +Z fuel fuel
* (1+7) t_o( a+nr
r(1+7)P!
Tarpics T Cec )

According to this relationship, the costs have been transferred to the current year to

calculate the present value of the project. Multiplying the present value of the maintenance

r(1+7r)P!

TPl 1Jrr)pl_l)lrnakes them a uniform annual cost.

cost and fuel cost variables by invoicing factor (

DRXTPC(1+r)CL
Ce = HYxCFr €)
FOM
CO&M = m + VOM (4)
Cfuel = FC X HR (5)
Cpc = EF X HR X VED (6)

In this regard, CEc represents the costs imposed on society (costs of external effects)
by polluting gases such as COz, SOz, and NOx. Pollution factor EF indicates the amount of
pollution per unit of fuel energy consumption. HR is the heat rate of power plants, and
VED represents the degree of environmental degradation. EF and HR are physical values
that can be calculated, while VEDs can be calculated by directly estimating costs, reducing
costs, or combining them. VED is an important parameter for regulatory analysis, but it is
usually difficult to calculate. The cost of external effects per unit of electricity generated
using these factors and their inclusion in the LCOE formula is calculated directly. As can
be seen in the above relationships, the LCOE can be determined based on total capital
costs, maintenance costs, fuel costs, and external impact costs.
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Table 1. Definition of the parameters of the levelized cost equation

Variable Unit of measurement Name
CK $/kWh Capital Cost
DR % Depreciation Rate
TPC $/kWh Total Plant Cost
CL Year Construction Life
R % Discount Rate
HY hr Hours Per Year
CF Percentage Capacity Factor
CogM $/kWh Total O&M Cost
Eogm % Escalation Rate Of O&M Cost
FOM $/kWh Total Fixed O&M Cost
VOM $/kWh Total Variable O&M Cost
HR BTU/KWH Heat Rate
PL Year Plant Life
FC $/kWh Fule Cost
ErueL % Escalation Rate Of Fuel Costs
Cec $/kWh External Cost
VED $/gr Value Of Enviormental Damage
EF gr/BTU Emission Factor
LCOE $/kWh Levelized Cost Of Energy

The method used in this research is descriptive-analytical. In this study, using the
descriptive-analytical method, different scenarios of implementing the law of liberaliza-
tion of energy cost on the development of the use of wind energy in the country are in-
vestigated. This study’s importance and usefulness are because based on which scenario,
it will be determined which lower cost price for wind energy will be obtained compared
to thermal (gas) power plants in the country and the price consequences of each scenario.
It is necessary to explain that to implement different scenarios and ease the calculations
related to the consequences of each scenario; excel software has been used.

To balance the scenarios presented in the previous section, the levelized cost method
is used. In the cost-equalization method, a similar approach to the current value method
is used. In this method, the costs are reduced to a uniform annual cost by discounting the
base year. Figure 2 shows the variables that are considered to calculate the aligned cost.

In gas power plants, the share of fuel prices in the cost of energy is higher than in
other power plants. On the other hand, the liberalization of energy costs in this study
means the liberalization of fuel prices or energy carriers. Therefore, in the built model, gas
power plants (as the holder of the largest share of fuel prices in energy prices and the
share of electricity generation capacity compared to other power plants) are compared
with the wind[15, 16].
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Final Product cost

Figure 2. Conceptual model of variables

Finally, by comparing and analyzing the sensitivity of levelized energy costs in wind
and gas power plants, we can examine the effect of energy cost liberalization policies on
the development of wind power plants. In this study, we only examine the levelized cost
from the investor’s point of view. We consider the power plant’s construction site one of
the suitable sites introduced by the New Energy Organization of Iran (SANA). Also, ex-
ogenous factors such as distribution and transmission network conditions around the
power plant are ignored. In addition to the different technologies of wind turbines se-
lected in this research, two technologies are identified: first, 660 kW wind turbines that
are produced in the country in Sabaniro company and second, 2 MW wind turbines,
which were studied in Niroo Research Institute as Turbines suitable for installation in the
country have been introduced. The capacity coefficient used for the wind power plant in
this research is considered from SANA information and is appropriate to the average cli-
matic conditions of the country. This coefficient for gas power plants is taken from de-
tailed statistics of the electricity industry. The calculations are based on various infor-
mation, the details of which are given in Table 2. The basis for collecting information in
this table is the use of official statistics obtained from organizations including the Deputy
of Production of Tavanir Company (Energy Balance), Wind Engineering Office of the New
Energy Organization of Iran (SANA), National Oil Company, World Bank. In the current
situation where subsidized fuel is allocated to power plants, power plants must pay seven
hundred riyals per cubic meter of gas and three thousand five hundred riyals per liter of
diesel. These prices are used in Table 2 and calculations. The discount rate is considered
according to the country’s general inflation rate and economic conditions in the past years
and using field information from economic analysts. Other assumptions used in the cal-
culations are based on 2011 statistics, which is the year of implementing the law on tar-
geted subsidies. Also, this study has been done considering the conditions in which the
geographical situation does not limit electricity production, and the wind turbine can op-
erate at its maximum nominal capacity[17-24].
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Table 2. Model input data for comparative study of gas power plant and wind power plant

Parameter Wind 2MW Wind 660kW Large scale gas unit
Total capacity (MW) 100 100.32 100
Number 50 152 4
Unit capacity (MW) 2 0.66 25
Model Vestas - V90 Vestas - V47
Capacity factor (CF) 35 26 36 %
Adjustment coefficient 15 15 15 %
Fuel adjustment coefficient - - 15 %
Real fuel cost (FC) - - 22.6229 $/Mbtu
Fuel cost (FC) - - 4.1 $/Mbtu
Real gas cost (FC) - - 8.6457 $/Mbtu
Gas cost (FC) - - 0.81 $/Mbtu
Heat rate (HR) - - 0.012 Mbtu/kWh
Emission - - 76969.5 Gr/mbtu
Environmental cost (WED) - 0 0.011 $/gr
Operating hours (HY) 8497.2 8497.2 7358.4 hr
Fixed Maintenance Cost (FOM) 30 30 - $/kWy
Variable Maintenance Cost (VOM) 0.8 0.8 0.1898018 $/kWh
Construction time 2 2 1 Year
Total initial cost of the plant (TPC) 1350 600 229.824 $/kW
Power Plant Lifespan (PL) 20 20 15 Year
Discount rate (R) 20 20 20 Y%
Depreciation rate (DR) 5 5 6.7 %

4. Results and Discussion

In the following, the results of calculations and data above have been calculated and
presented to determine the levelized cost of fuel for power plants based on rial and dollar
prices in two types of gas and diesel fuels, along with environmental pollutants[25].

Major wind farms require dollar resources in the initial investment sector, which is
also considered in dollars in the current model. In gas power plants, the main sources of
cost are during the power plant operation, and the fuel of the power plant has a significant
share in it. The key point in this section is the opportunity cost of fuel or the value of its
export or import, and therefore we have considered fuel calculations based on dollar costs.
Although the wind farm economics evaluation has been done in the current situation, the
sensitivity analysis shows that this plan will remain economical even in higher fuel prices.
The increase in the fuel price has effects on all sectors of the economy and general inflation,
but given that in the study of wind and gas power plants, we have considered more than
80% of costs, including wind power plant equipment and gas power plant in foreign cur-
rency, the effect of the rate increase Currency on general inflation does not change much
in our calculations.
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Table 3. Levelized cost of gas power plant and wind power plant

Fuel cost LCOEw ($/kWh) LCOE«($/kWh)

Wind 2MW Wind 660kW Gas

Subsidies (3 cents/m3) 0.083 0.083 0.078
15 cents/m3 0.083 0.083 0.317

30 cents/m3 0.1 0.099 0.556

45 cents/m3 0.117 0.115 0.795

60 cents/m3 0.134 0.131 1.034

75 cents/m?3 0.1 0.099 1.273

90 cents/m?3 0.117 0.115 1.512

105 cents/m3 0.134 0.131 1.751

According to the results, it can be seen that the liberalization of energy prices, espe-
cially the price of fuel used by power plants based on real energy prices, fully justifies the
use of wind turbines. For further explanation, several figures obtained in this regard are
presented. The figures are obtained from summation and sensitivity analysis.

Table 4. Levelized cost of Diesel power plant and wind power plant

Fuel LCOEw ($/kWh) LCOE«($/kWh)
uel cost Wind 2MW | Wind 660kW Diesel
Subsidies (10 cents/liter) 0.083 0.083 0.176
30 cents/liter 0.083 0.083 0.742
50 cents/liter 0.1 0.099 0.183
70 cents/liter 0.117 0.115 0.19
90 cents/liter 0.134 0.131 0.196
110 cents/liter 0.1 0.099 0.886
130 cents/liter 0.117 0.115 1.03
150 cents/liter 0.134 0.131 1.174
—e— Wind 660kW Wind 2MW Gas
2
1.5
=
=
=4
“ 1
i
@)
Q
—
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Figure 3. Comparison of the levelized cost of gas and wind power plants with the different prices

of gas
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According to Figure 4, it is clear that the fuel price of power plants at current prices
and based on the use of gas will make gas power plants still more economical. This case
shows that even the cost of pollution can not make the wind farm cost-effective, and this
plant is very sensitive to fuel price changes and exchange rates due to the high cost of
purchasing imported equipment[26-28].

According to Figure 3, if gas is used to fuel gas power plants, it is clear that wind
power plants will be cost-effective in the real price of gas. The fuel of power plants (if the
real conditions of the country are taken into account) will usually be replaced by diesel
due to the higher consumption of gas in domestic applications in winter, if the share of
this replacement is 30% per year, even at a price with high subsides the wind farms are
feasible (up to an exchange rate of 175000 Rials/$). This condition is shown in Figure 5.
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Figure 5. Comparison of the levelized cost of gas and wind power plants based on the combina-
tion of gas and diesel fuel consumption with the current price
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If the fuel consumption of power plants is calculated based on real prices, wind
power plants will be justified in gas consumption as single fuel and gas and diesel con-
sumption simultaneously. On the other hand, due to electricity generation costs using 660
kW and 2 MW turbines, it is necessary to use 2 MW turbines due to high efficiency and
less land use, converting more energy from wind energy[29].

Considering that the distance of construction of wind turbines is related to the diam-
eter of their rotor and with increasing capacity, the diameter of the rotor increases with a
smaller ratio, so it can be concluded that wind turbines with higher capacity in the occu-
pied space are equivalent to turbines with Less capacity produces more power. For exam-
ple, according to the information of wind turbines on the website of the Danish company
Vestas, the diameter of a 660 kW wind turbine rotor is 46 meters, the diameter of a 2 MW
wind turbine is 110 meters, and the diameter of 3.3 MW turbine rotor is 117 meters. There-
fore, a simple calculation shows that a 3.3 MW turbine does not increase the capacity by
five times to a 660 kW turbine, while the rotor diameter is only 2.54 times, and for a2 MW
wind turbine, it increases by 3.3 times compared to 660 kW. At the same time, the rotor
diameter has increased only 2.3 times[30-34].

Another reason for the advantage of large size wind turbines is their lower noise. In
large wind turbines, although the intensity of the generated sound increases, less sound
reaches the ground due to the higher height of the tower from the ground. For example,
the sound intensity of a 660 kW wind turbine is 102 decibels, which is 48 decibels due to
the average height of 50 meters of the tower. On the other hand, the sound intensity of the
v90 wind turbine is 2 MW, equal to 104 decibels, which due to the average height of 90
meters of its tower, the sound intensity of 44 decibels can be heard on the ground[34-37].

According to Figures 3 and 4, the cost of one-kilowatt-hour of electricity in a wind
farm is 8.3 cents (the cost is not much different in 660 kW and 2 MW power plants), while
in a gas plant, it is 31 cents and in a diesel power plant is 71 cents and with a combined
gas and diesel fuel is 42 cents. Also, the sensitivity of cost to exchange rate in wind power
plants is higher than gas and hybrid power plants.

5. Conclusions

Liberalization of energy prices, especially fuel prices of power plants based on real
energy prices, fully justifies wind turbines. The fuel price of power plants at current prices
and based on the use of gas will make gas power plants still more economical. However,
if diesel is used to fuel gas power plants, it will be quite economical to use wind power
plants due to the higher diesel price than gas. If the price of gas increases in Rials and gets
closer to the Rial price of diesel, the gas-fired power plant will not compete with the wind
power plant, and the cost of electricity generated will be very high. Also, if the price of
currency increases, the economic efficiency of generating electricity in wind power plants
will increase its distance from gas power plants, and gas power plants will produce more
expensive electricity than wind power plants. Of course, among the two wind turbine
technologies in question, 2-megawatt turbines will cost less than 660-megawatt turbines
if the cost of the plant’s land is taken into account; Although the cost difference between
the two technologies is slightly different. Both are less than the cost of generating electric-
ity at a gas plant.

Based on the research, although the research hypotheses have been answered so far,
according to the research findings, other causes can be mentioned that, because it is out-
side the scope of the research hypotheses, are presented as policy recommendations:

A) Due to eliminating energy subsidies in increasing the efficiency of power plants,
the price of fuel received by power plants should be calculated freely, and electricity
should be purchased at the real price. In this case, in terms of fuel cost in the cost price of
electricity, this price increases, and as a result, due to the economic efficiency of wind
power generation, an increase in the guaranteed purchase price of wind power is possi-
ble, and the field of wind power plants is provided.
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B) According to the research results, there is no significant difference between the
cost of electricity generated in wind power plants with 660 kW and 2 MW turbines. There-
fore, it is suggested that due to the increase in capacity in MW power plants, higher level
of technology, and less land required by the power plant in MW turbines, the use of MW
turbines should be given priority. On the other hand, due to the equal-cost of these two
types of technology, the possibility of generating electricity is limited if a wind farm is
covered with low-power turbines; Therefore, it is necessary to use high-power megawatt
turbines in the construction of wind farms.

C) Increasing the exchange rate on increasing the construction cost of wind farms,
localization of the wind turbine industry focusing on imported components should be
prioritized. This localization will also help the employment of specialized forces in the
country.
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