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Abstract

golia is rich in renewable energy resources and has a very favourable geographical location.

Therefore, with the construction of solar and wind power plants, these power plants will be able
to supply power to half-day and evening peak loads in any season of the year, and to reduce the amount
of imported energy from Russia during peak hours. The Renewable Energy Law was enacted in 2007
and revised in 2015 and 2019, and it has successfully met its goal of developing the sector and attracting
foreign investors. The law sets a cap on electricity sales in US dollars, which has had a significant impact
on system-wide efficiency. Compared to 2007, the average USD exchange rate increased by 143.41%.
The price of 1 kWh of electricity increased from 210.68 MNT to 512.82 MNT for solar power plants; for
wind power plants, it increased from 111.19 MNT to 270.66 MNT. In other words, the price of renewable
energy in our country fluctuates according to the dollar exchange rate, and the US dollar exchange rate
has increased by an average of 7% per year over the past 15 years. Therefore, this paper examines how
the US dollar tariff in the Renewable Energy Law affects feed-in tariffs.

One of the main directions of sustainable energy is the development of renewable energy. Mon-
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AHHOTaNUA

JTHUM U3 OCHOBHBIX HAaIIPaBJIEHU I YCTOWMYMBOM SHEPTETUKY SIBIISIETCS Pa3BUTUE BO3OOHOBIISIEMBIX

HCTOYHUKOB 3HEeprur. MoHronus 6orata BO30OHOBIISIEMbIMH UCTOYHUKAMH SHEPTUU U UMEET

OYeHb BBITO/IHOE reorpaduyeckoe nojioxeHue. [loaTomy 6arogaps CTpOUTENBCTBY COTHEUHBIX
1 BETPSIHBIX AJIEKTPOCTAHLIUN, THEBHBIE U BEUEPHUE TUKOBBIE HATPY3KU OYIyT MOKPHITHI B JII000€ BpeMs
rojia, a Takke Oy/IeT COKpaIleHO KOJIMYECTBO HMITOPTUPYEMOit sHeprun u3 Poccuu B yachl UK. 3aKOH O
BO300OHOBJISIEMBIX HCTOUHUKAX dHepruu Obu1 npuHAT B 2007 roay u nepecmotped B 2015 u 2019 ronax,
OH YCHEIIHO JOCTUI CBOEH LEJH M0 PAa3BUTHIO CEKTOpPa W MPHUBJICYECHUIO MHOCTPAHHBIX MHBECTOPOB.
3aKOH YCTAaHABJIMBAET OTPaHUYECHHE Ha MPOAAXy 3IeKTpo3Hepruu B posuiapax CIIIA, uro okasaio
3HAYUTENIbHOE BiMsAHUE Ha 3¢ dekTuBHOCTh Beeil cuctemsl. Ilo cpaBHenuto ¢ 2007 rompom cpeaHuit
obmennsiii kype nosiapa CIIA Beipoc Ha 143.41%. Llena 1 kBT*4 snexTposHepruu yBeImuuiaach ¢
210.68 TyrpukoB gm0 S512.82 TYrpukoB i1 COJHEYHBIX JJICKTPOCTAHLMM; ISl BETPAHBIX
3JIEKTPOCTAHIMI OHa yBenuumiack ¢ 111.19 tyrpukos 10 270,66 TyrpukoB. Ipyrumu ciioBamu, lieHa Ha
BO30OHOBJISIEMbIE MCTOYHUKM SHEPrUM B Halled cTpaHe KoieOsjeTcss B 3aBUCUMOCTH OT Kypca
noiutapa, a kype nomutapa CIIA 3a mocnennue 15 mer poc B cpegHeM Ha 7% B roa. Iloatomy B
JTAHHOM MCCIIEJIOBAaHUM aBTOpaMHU paccMmaTpuBaercs, kak Tapud B noitapax CHIA B 3akoHe o
BO30OHOBJISIEMBIX MCTOYHUKAX SHEPTUH BIMSET HA JIbIOTHBIE Tapu(bl HA SHEPTHUIO, IPOU3BEACHHYIO C
MTOMOLIbLI0 BO30OHOBISIEMBIX HCTOYHHUKOB.

KiroueBble ci1oBa: 3¢ICHBIN Tapn(b, HWHBCCTUIIMOHHBIC 3aTpaThl, COJTHCYHLIC W BCTPOBBLIC 3JICKTPOCTAHIHNH,
BO300HOBIISICMBIC HCTOYHHMKU OHCPruu, PBLIHOK 3JICKTPOIHCPIUH, YCTOfIqHBaﬂ OHCPreTrKa, SHCPreTUYCCKAA
OKOHOMMKa
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Comparative study of solar and wind power plant tariff and investment costs

1. Introduction

With the world pursuing a sustainable energy policy, fossil fuels will not be renewable, and fuel
reserves will inevitably be depleted. Because oil and coal are not only fuels but also raw materials for
many important products, it is important for humans to use them as sparingly as possible. In addition,
the global and Mongolian energy sectors continue to focus on renewable energy development policies,
as the use of coal and oil as fuel for energy production has serious negative consequences for the envi-
ronment (Buyankhishig and Ulam-Orgil, 2018).

“Vision — 2050,” approved on May 23, 2020, in the framework of Mongolia’s long-term devel-
opment policy, established the economic priorities for the years 2021 to 2030 to include the following:

- Increase the installed capacity of renewable energy to 30%.

- Use of modern and advanced renewable energy technologies in local heating supply.

- Implement the Asian Integrated Energy Network initiative in cooperation with Northeast Asian
countries.

- The use of solar, wind, water, biomass, geothermal, fuel cells, and other new sources in line with
resource capacity balances is important for the development of renewable energy (Mongolian Govern-
ment, 2020).

In 2007, the first Renewable Energy Law was passed in Mongolia. Since then, the law has been
revised in 2015 and 2019. The revised law stipulates that the renewable energy producer connected to
the transmission network has the right and obligation to connect to the transmission point closest to
the generator and supply electricity and comply with the requirements of the network dispatcher. The
transmission network, on the other hand, is obliged to purchase and transmit electricity supplied by the
producer at the tariffs set by this law (Renewable Energy Law, 2019). One of the special provisions of
this law is that the price of electricity generated and supplied from renewable energy sources is higher
than the selling price of traditional sources, which is a manifestation of the government’s major policy
in support of renewable energy. In addition, the Investment Law, the Customs Tariff and Customs Tax
Law, and the Value Added Tax Law were amended to exempt renewable energy research and production
equipment, accessories, and spare parts from customs and value-added taxes. This favourable policy and
legal environment pursued by the government has had a significant impact on the successful implemen-
tation of renewable energy projects in Mongolia. The study looked at renewable energy tariffs in other
countries and how feed-in tariffs are set in those countries (Javadi et al., 2018; Bakhtyar, 2014; Komiya-
ma, et al., 2014; Guild, 2019; Eberhard and Kaberger, 2016; Goodarzi et al., 2018; Yang and Nie, 2016;
Masuta et al., 2015; Nair and Sankar, 2014).

Many government policies and regulations are being implemented to increase the development
and use of renewable energy sources around the world. For example, after the Fukushima Daiichi nu-
clear power plant disaster in Japan on March 11, 2011, the Japanese government began a phased energy
policy reform. Therefore, the full retail liberalization of the electricity retail market began in April 2016,
and the introduction of a market-dependent feed-in tariff system would be a good option for the devel-
opment of Japan’s renewable energy sources (Fuyi, 2017).

The government of Japan introduced the Renewable Energy Feed in Tariff System on July 1, 2012,
which is a widely used incentive system to stimulate the development of energy sources. In 2013, elec-
tricity from renewable sources accounted for only 2.2% of total electricity generated in Japan, but after
the introduction of the feed-in tariff system, this percentage rose to 4.7% in 2015 and increased 2.1 times
in just two years (Fuyi, 2017).

Indonesia is an equatorial country and has sun all year round. From 2016 to 2018, the Indonesian
government implemented four regulations to increase the value of investment in energy, especially in
the renewable energy sector. Feed-in tariff regulation for solar power plants and local tariff regulation
have been developed. However, it has been concluded that these regulations still do not provide good
incentives for energy developers (Guild, 2019).
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Thus, the new feed-in tariffs for the development of renewable energy sources are working well in
some countries, but not in others.

The price of 1 kWh of renewable energy is relatively higher than the price of 1 kWh of electricity
produced and imported by thermal power plants, and it depends on the exchange rate, so there is a certain
price difference (Batzaya et al., 2021; Bani Adam and Miyauchi, 2019; Zhou et al., 2020).

Many countries around the world have introduced a feed-in tariff (green tariff) system as part of
their policy to reduce traditional energy production, which depends on natural resources, and to develop
renewable energy (Goodarzi et al., 2018; Von der Fehr et al., 2016; Chawla et al., 2020; Steften, 2020).

In Mongolia, the feed-in tariff system was introduced in 2015. In addition, the purchase of electric-
ity generated by solar and wind power plants in a single customer model at a fixed price in US dollars
negatively affects the efficiency of a single buyer’s system in times of large exchange rate fluctuations.
This report examines the impact of changes in the US dollar on the selling price and feed-in tariffs for
electricity generated by solar and wind power plants, and calculates the feed-in tariffs for new power
plants when they are commissioned (OECD, 2019; Frankfurt School of Finance & Management, 2020;
Altantsetseg and Ulam-Orgil, 2021; Orolzodmaa, 2021).

2. Methodology of Feed-in Tariff

Many countries around the world have introduced a feed-in tariff system as part of a policy to de-
velop renewable energy and to reduce traditional energy production dependent on natural resources . The
feed-in tariff system is one of the most widely used incentive policies for the introduction of renewable
energy. In 1987, the US Public Utilities Policy Act was considered the world’s first feed-in tariff system
(Batzaya et al., 2021; Bani Adam and Miyauchi, 2019; Zhou et al., 2020). In Germany, the share of re-
newable energy production has increased from 3.6% in 1990 to 30% in 2015 as a result of the feed-in
tariff system (Erneuerbare Energien Gesetz-EEG) under the Renewable Energy Sources Act (IRENA,
2020).

Although the design and calculation methodology of the feed-in tariff system varies from country
to country, the key point of the system is to determine the tariff level.

Determining tariff levels is the most important part of the policy. Tariff rates are usually based on
the cost of generating electricity from renewable energy sources. Some studies classify the feed-in tariff
system into two main groups. One is a market-independent system, and the other is a market-dependent
system. In a market-dependent system, payment depends on the price of electricity, while in a stand-
alone market system, payment does not depend on the price of electricity (Fuyi, 2017).

The feed-in tariff policy of the Indonesian Ministry of Energy and Mineral Resources was estab-
lished to allow users to install solar panels in their systems. This regulation is aimed not only at the use
of electricity but also at the supply of electricity using solar panels. There are a number of limitations to
the feed-in tariff regulation. The first restriction provides compensation for 65% of the price of energy
supplied to the grid (Guild, 2019).

Our country uses a feed-in tariff of a market-dependent system. In doing so, the 2015 reform of
the Law on Renewable Energy introduced a special tariff category called “Renewable Energy Feed-in
Tariff” instead of incorporating tariffs to support renewable energy production into any type of energy
tariff. The law states that feed-in tariffs are tariffs included in energy prices to support renewable energy
(Renewable Energy Law, 2019). It also stipulates that the Energy Regulatory Commission will review
and approve the price of electricity to be supplied to the system from renewable energy sources and con-
sumer purchase feed-in tariffs.

Feed-in tariffs are defined by the following formula.
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where:

E,, . — The amount of energy distributed by the system (kWh)

E,;"” — The amount of energy supplied to the system from a renewable energy source (kWh)
P,.— Renewable power plant electricity prices (MNT/kWh)

P, ¢ —The average selling price of the system electricity (MNT/kWh)

From the above formula, it can be seen that the feed-in tariff directly depends on the price and
energy supply to the system from renewable energy sources. The Renewable Energy Law sets the price
of electricity for renewable energy plants in USD/kWh, and the next chapter discusses how the increase
in the exchange rate to MNT/kWh affects the selling price of electricity. The increase in the exchange
rate will also affect the level of these feed-in tariffs.

3. Results
3.1. Mongolia’s renewable energy sector and investment cost
As 0f 2020, the installed capacity of Mongolia’s power system has reached 1500 MW.

Table 1. Source Structure and Capacity

Station Type Installed capacity (MW) Percentage (%)
1 Thermal power plants 1217 81.13
2 Wind power plants 154.6 10.31
3 Solar power plants 90 6
4 Hydro power plants 23 1.53
5 Diesel stations 15.5 1.03
6 TOTAL 1500.1 100

In terms of total installed capacity, 81.13% are thermal power plants, 17.84% are renewable ener-
gy plants and 1.03% are diesel power plants. As of today, three 154.6 MW wind farms and six 90 MW
solar power plants are successfully connected to the Central Region integrated system in Mongolia.

As of 2019, Mongolia’s total electricity consumption was 8719.1 million kWh, of which 7.49%,
or 653.7 million kWh, was supplied by solar, wind, and hydropower plants (Statistical Yearbook of the
Energy Regulatory Commission, 2019).

A. Solar power plant investment cost study

Since the adoption of the Renewable Energy Law, 39 companies have received licences to build
renewable energy sources with an installed capacity of more than 1500 MW. Today, there are six solar
power plants with a total capacity of 90 MW and three wind farms with a total capacity of 154.6 MW.

Table 2 compares the investment costs and other indicators of the planned construction of new
solar power plants in Mongolia.

41 Sustain. Dev. Eng. Econ. 2022, 2, 3. https://doi.org/10.48554/SDEE.2022.2.3
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Table 2. Comparison of Investment Costs of Solar Power Plants

Key indicators of the project Nalaikh Airag Bayandelger Choir
1 Capacity 10 MW 20 MW 30 MW 50 MW
2 Investment ($) 15901 054 | 35078 008 46 500 000 80 000 000
3 Area 25 hectares | 40 hectares | 100 hectares | 100 hectares
4 Investment per kW ($) 1590.1 1753.9 1550 1600
5 Area per MW 2.5 hectares | 2 hectares | 3.33 hectares | 2.5 hectares

The table shows that the average investment required per kWh of new solar power plants planned
to be built in our country is 1623.25 USD, while the average area per MW is 2.58 hectares. Also, in re-
cent years, new solar power plants have been required to have a battery storage capacity of 20% of their
capacity, so the investment cost of a solar power plant is expected to increase sharply to about 2500 USD
per 1 kW.

The investment required for 1 kW of solar power plants in the world has been steadily declining
since 2010, averaging about 1,000 USD, which is about 60% less than in Mongolia.

B. Wind power plant investment cost study

The first 49.6 MW Salkhit wind power plant was commissioned in Mongolia in 2013, followed by
the 50 MW Tsetsii wind power plant in 2017 and the 55 MW Sainshand wind power plant in 2018. The
total capacity of wind farms is 154.6 MW. Table 3 compares data from Salkhit, Tsetsii, and Sainshand
wind power plants.

Table 3. Comparison of Wind Power Plant Investment Costs

Key indicators of the project Salkhit Tsetsii Sainshand
1 Capacity 49.6 MW 50 MW 55 MW
2 Capacity of one wind turbine 1.6 MW 2 MW 22 MW
3 Number of wind turbines 31 25 25
4 Investment (§) 120 000 000 128 000 000 120 000 000
5 Investment per kW ($) 2419.35 2560.00 2181.81

The table shows that the average investment required for 1 kW of wind power plants built in Mon-
golia is 2387 USD.

Investment in 1 kW of wind farms around the world has been steadily declining since 2006, with
an average investment of about 1400 USD per 1 kW, which is about 70% lower than in Mongolia. In
our country (Mongolia), investment costs are high due to high construction and installation costs due to
poor infrastructure.

3.2. Price of renewable power plants and feed-in tariffs
A. Solar and wind power plant prices

The Law on Renewable Energy stipulates that the price of 1 kWh of electricity will range from
0.15 USD to 0.18 USD for solar power generation and from 0.08 USD to 0.095 USD for wind power
generation (Renewable Energy Law, 2019). However, tariffs have negatively affected the overall effi-
ciency of the energy system, and the initial investment costs have been reduced due to the recent decline
in the price of solar panels and wind turbines. As a result, the levelized costs of solar and wind power
plants are also declining, which creates conditions for lowering the legal minimum tariffs.

Therefore, 13 years after the law was enacted, an amendment to the law in 2019 stipulates that
the price of 1 kWh of electricity will be up to 0.12 USD for solar power and up to 0.085 USD for wind
power. In the 15 years since the Renewable Energy Law was first enacted, Mongolia’s socio-economic
Sustain. Dev. Eng. Econ. 2022, 2, 3. https://doi.org/10.48554/SDEE.2022.2.3 42
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situation, the structure of the energy sector, and the development of renewable energy techniques and
technologies have changed, one of which is the appreciation of the US dollar. Table 4 shows the average
exchange rate of the US dollar for 2007-2021 and the rate of change and growth rate of 1 kWh of elec-
tricity price for solar and wind power plants.

Table 4. Changes in the Dollar Exchange Rate and Renewable Energy Prices

Prlce of 1 kWh of electric- Price of 1 kWh of electricity | Growth per-

Average annual | ity from solar power plants from wind power plants (¥) centage

Year | USD exchange (¥)
rate (F) 0.15$ per 0.18$ per 0.08$ per 0.095$ per ]
kWh kWh kWh kWh

2007 1170.44 175.57 210.68 93.64 111.19
2008 1166.1 174.92 209.90 93.29 110.78 -0.37%
2009 1437.9 215.69 258.82 115.03 136.6 23.31%
2010 1356.44 203.47 244.16 108.52 128.86 -5.67%
2011 1265.53 189.83 227.80 101.24 120.23 -6.70%
2012 1359.4 203.91 244.69 108.75 129.14 7.42%
2013 1525.72 228.86 274.63 122.06 144.94 12.23%
2014 1818.28 272.74 327.29 145.46 172.74 19.18%
2015 1970.66 295.60 354.72 157.65 187.21 8.38%
2016 2145.53 321.83 386.20 171.64 203.83 8.87%
2017 2440.63 366.09 439.31 195.25 231.86 13.75%
2018 2472.67 370.90 445.08 197.81 234.9 1.31%
2019 2663.94 399.59 479.51 213.12 253.07 7.74%
2020 2744.38 411.66 493.99 219.55 260.72 3.02%
2021 2849 427.35 512.82 227.92 270.66 3.81%

Compared to 2007, the average USD exchange rate increased by 143.41%. The price of 1 kWh of
electricity increased from 427.35 MNT to 512.82 MNT for solar power plants; for wind power plants, it
increased from 227.92 MNT to 270.66 MNT. In other words, the price of renewable energy in our coun-
try fluctuates according to the dollar exchange rate, and the US dollar exchange rate has increased by an
average of 6.88% per year over the past 15 years. Renewable energy prices have risen 2.43 times since
2007 due to the appreciation of the exchange rate. As a result of this increase, the price of electricity for
solar and wind power plants has risen sharply.

Table 5 compares the cost of 1 kWh of electricity generated by solar and wind power plants in
Mongolia and around the world.

Table 5. Comparison of 1 kWh Electricity Prices

Types Mongolia ($) World average ($) Comparison
Solar power plants 0.12 0.08 50%
Wind power plants 0.085 0.06 41.6%

The price of electricity generated by our solar power plant is $0.12, which is 50% higher than
the world average, while the price of electricity generated by the wind power plant is $0.085, which is
41.6% higher than the world average.
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B. Renewable energy feed-in tariffs

The price of 1 kWh of renewable energy is relatively higher than the price of 1 kWh of electricity
produced and imported by thermal power plants, and it depends on the exchange rate, so there is a certain
price difference (Batzaya et al., 2021; Bani Adam and Miyauchi, 2019; Zhou et al., 2020).

Many countries around the world have introduced a feed-in tariff (green tariff) system as part of
their policy to reduce traditional energy production, which depends on natural resources, and to develop
renewable energy (IRENA, 2020; Goodarzi et al., 2018; Von der Fehr et al., 2016; Chawla et al., 2020).

Renewable energy production support tariffs are not included in any energy tariffs, but a special
tariff category called “Renewable Energy Promotion Tariffs” is included in an amendment of the Re-
newable Energy Law in 2015. The law states that feed-in tariffs are tariffs that are included in energy
prices to support renewable energy (Renewable Energy Law, 2019). In addition, the Energy Regulatory
Commission will review and approve the price estimates for electricity supplied to the energy system
from renewable energy sources and the feed-in tariffs.

In our country (Mongolia), the feed-in tariff was 4 MNT per 1 kWh of electricity in 2015, but since
then, the production of renewable energy has increased. In 2017, the feed-in tariff increased 2.97 times
to 11.88 MNT/kWh, and in 2019, the feed-in tariff increased 5.94 times to 23.79 MNT/kWh. Figure 1
shows the growth of Mongolia’s renewable energy feed in tariff.

Figure 1. Feed in tariff of renewable energy in Mongolia (MNT/kWh)

In the rest of the world, feed-in tariffs tend to be relatively stable and declining as renewable ener-
gy production increases. In the case of Mongolia, the increase in feed in tariffs is very high due to the fact
that solar and wind power generation is growing every year, and the exchange rate is rising every year.

This increase in energy feed-in tariffs is the basis for increasing the selling price of electricity
throughout the system.

In 20135, electricity from renewable energy sources accounted for only 6.65% of the country’s total
electricity generation. After the introduction of the feed-in tariff system, this percentage reached 11.54%
in 2017 and 16.63% in 2019. Feed-in tariffs allow for a sustainable supply of renewable energy, cover
operating costs, and provide a certain level of profitability for investors and producers. Therefore, this
article calculates the feed-in tariffs for solar and wind power plants that are planned to be built in recent
years when they are connected to the energy system.

Figure 2 shows the rates of renewable energy feed in tariffs in some countries of the world in 2015,
2017 and 2019.
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Figure 2. Renewable energy feed in tariffs in some countries of the world (USD/kWh)

Table 6 shows the preliminary feed-in tariff estimates for the 30 MW Gobi Solar Power Plant,
which is scheduled to be commissioned in 2020, and the 102 MW Khanbogd Wind Power Plant, which
is scheduled to be commissioned in 2023, in the Central Region Integrated System.

Table 6. Calculation of Feed-in Tariff

Specifications The amount of electricity | Feed-in tariff (MNT/xkWh)
produced (thousand kWh)
30MW Gobi Solar Power Plant 42048 1.75
102MW Khanbogd Wind Power Plant 330602.4 7.79
Weighted average tariff 7.11

The feed-in tariff for the 30 MW Gobi Solar Power Plant is estimated at 1.75 MNT/kWh, while the
feed-in tariff for the Khanbogd Wind Power Plant is estimated at 7.79 MNT/kWh. The weighted average
feed-in tariff for these two sources is 7.11 MNT/kWh. In other words, it is estimated that the feed-in tariff
for these stations will increase to 30.9 MNT/kWh when they are commissioned.

4. Discussion

The price in US dollars in the Renewable Energy Law has fulfilled its obligation to attract in-
vestment. Compared to 2007, when the law was passed, the average exchange rate of the US dollar
increased by 143.41%. The price of 1 kWh of electricity for solar power plants increased from 210.68
MNT to 512.82 MNT, and for wind power plants from 111.19 MNT to 270.66 MNT; in both cases, the
price increased 2.43 times. In other words, the price of renewable energy in our country fluctuates with
the exchange rate of the US dollar, and the exchange rate of the US dollar has increased by an average
of 6.88% per year over the past 15 years. Therefore, it is recommended that this proposal be taken into
account when amending the Renewable Energy Law, as the sale of electricity in MNT has the positive
effect of minimizing the impact of dollar fluctuations on consumer purchase prices.

Ifa 30 MW solar power plant and a 102 MW wind power plant are added to the system, the feed-in
tariff is estimated to increase to approximately 31 MNT/kWh. Although consumer tariffs will increase by
this amount, feed-in tariffs will play an important role in supporting and developing renewable energy.
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5. Conclusion

Currently, renewable energy accounts for about 18% of Mongolia’s total installed capacity and
generates 653.7 million kWh of energy annually from renewable sources. As mentioned above, this in-
dicator is expected to grow rapidly in the future.

Mongolia’s investment cost per kWh is about 60% higher than the world average for solar power
plants and about 70% higher than the world average for wind power plants. This is because Mongolia is
not a technology producer, and the infrastructure is underdeveloped.

In the future, it will be necessary to create competition in the renewable energy sector and focus
on reducing investment costs due to lower world prices for equipment and technology, as well as lower
energy prices for solar and wind power plants. Therefore, if the company offering the lowest price has
the principle of building solar and wind power plants, it will be possible to reduce the price of electricity
supplied to the energy system from renewable energy sources.
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