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Abstract: The article describes the world’s experience in developing the solar industry. It discusses the
mechanisms of state support for developing renewable energy sources in the cases of five countries
that are the most successful in this area—China, the United States, Japan, India, and Germany.
Furthermore, it contains a brief review of state policy in producing electricity by renewable energy
facilities in Kazakhstan. This paper uses statistical information from the International Renewable
Energy Agency (IRENA), the International Energy Agency (IEA), British Petroleum (BP), and the
Renewable Energy Network (REN21), and peer-reviewed sources. The research methodology includes
analytical research and evaluation methods to examine the current state of solar energy policy, its
motivators and incentives, as well as the prospects for its development in Kazakhstan and in the
world. Research shows that solar energy has a huge development potential worldwide and is sure to
take its place in gross electricity production. This paper focuses on the selected economic policies
of the top five countries and Kazakhstan, in what may be considered a specific research limitation.
Future research suggestions for the expansion of Renewable Energy (RE) in Kazakhstan could include
analysing the impact of introducing dedicated policies and incentives for solar systems and exploring
the benefits and challenges of implementing large RE zones with government–business collaboration.

Keywords: green energy; renewable energy; solar power plants; net zero emission; net energy metering

1. Introduction

The annual growth in electricity consumption due to the improvement in living
standards, the development of technology and industry, and globalisation makes the energy
industry one of the most important fields in the world. Considering that many countries are
highly dependent on fossil fuels, the issue of climate change and environmental pollution
due to emissions of harmful substances into the atmosphere is also acute. To overcome
energy supply constraints and reduce emissions, current sustainable development policies
should aim to create a more decentralised, balanced, and environmentally friendly energy
supply system that will include various types of Renewable Energy Sources (RES) [1].

In 1992, almost all countries of the world and absolutely all major states signed the
UN Framework Convention on Climate Change, where the main goal was to stabilise the
level of the concentration of greenhouse gases in the atmosphere at a level that would not
allow dangerous anthropogenic impact on the planet’s climate system [2]. This document
became the foundation for most subsequent international agreements, such as the Kyoto
Protocol (2005) and the Paris Agreement (2015). Currently, the Paris Agreement is accepted
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as a global agreement, which identified three critical goals for sustainable development: to
ensure the availability and reliability of modern energy services, to significantly increase
the share of RES in the global energy mix, and to double the global rate of improvement in
energy efficiency [3]. Therefore, governments worldwide are taking initiatives to solve this
problem, encouraging the introduction of Renewable Energy (RE) within the framework of
various national programs [4].

After signing the Paris Agreement, the participating countries began to determine
their target indicators for increasing the share of RE in the country’s energy balance. These
indicators were approved at the legislative level since they could stimulate the deployment
of RES as a political tool and also serve as a clear signal to the international community and
the market [5]. By 2017, almost all countries have defined their Renewable Energy Targets
(RET) [6]. Further, draft laws supporting the introduction and development of RES were
gradually developed, initiatives for the transition to a green economy were created, and
incentive mechanisms such as Feed-in-Tariffs (FIT), state subsidies, quotas, tax exemptions,
auctions, Net Energy Metering (NEM), and portfolio standards were introduced [7].

Kazakhstan did not stand aside and determined its paths to the sustainable devel-
opment of the energy industry and the formation of “green” energy in the country. To
improve the mechanisms for integrating RE facilities into the electrical network of Kaza-
khstan, in 2009 the Head of State adopted the Law “On Supporting the Use of Renewable
Energy” (hereinafter—the Law on RES) [8]. Another significant initiative to support the
development of RES in Kazakhstan was the “Concept for the transition of the Republic
of Kazakhstan to a green economy until 2050”, adopted in 2013, which provides for the
principles of forming a “green economy” in the future [9]. Within the framework of this
concept, Kazakhstan outlined its target indicators for increasing the share of RES in total
electricity generation from just over 1% to 3% by 2020, up to 30% by 2030, and 50% by 2050.

2. Materials and Methods

Despite the impact of the COVID-19 pandemic on energy industries and markets
worldwide [10], RES set a record for new capacity in 2019–2020 and was the only source of
electricity production that recorded a net increase in total capacity [11]. According to the
IRENA report [12], the total installed capacity of RE facilities in 2019 amounted to 2538.4 GW
and 2799.1 GW in 2020. Most installed capacity came from wind and solar energy (Table 1).
Based on Agency’s calculations, this is approximately 91% of renewable technologies’ total
newly installed capacity, in which solar photovoltaic technologies are leading.

Kursiv Research [13] reports that, in 2019–2020, Kazakhstan also experienced a rapid
growth of renewables in the energy industry. During these years, five larges RE facilities
were put into operation, four of which are Solar Power Plants (SPPs) with a capacity of
100 MW. Moreover, Kursiv Research ranked the top 15 RE facilities in Kazakhstan, of
which the number is dominated by SPPs: 11 out of 15. This trend shows the popularity
of Solar Photovoltaic Systems (SPVS) in the country, obviously due to climatic conditions,
relatively low costs, and a lack of technical and logistical barriers compared with other
renewable sources.

Table 1. Renewable power capacity growth in 2019–2021, GW.

2019 Growth 2020 Growth 2021

World RE 2538.4 +260 (↑ 10%) 2799.1 +265 (↑ 9.5%) 3064
Solar 584.7 +126 (↑ 21.5%) 710.3 +133 (↑ 19%) 843.1
Wind 622.3 +111 (↑ 18%) 733.3 +92 (↑ 12%) 825

Hydropower 1190.5 +20 (↑ 10%) 1210.7

Kazakhstan RE 1.050 +0.585 (↑ 56%) 1.635 +0.375 (↑ 23%) 2.010
Solar 0.542 +0.370 (↑ 68%) 0.912 +0.126 (↑ 14%) 1.038
Wind 0.284 +0.202 (↑ 72%) 0.486 +0.198 (↑ 41%) 0.684

Hydropower 0.222 +0.008 (↑ 4%) 0.230 0.05 (↑ 22%) 0.280
Sources: [12,14–16]; Note: (↑)—growth indicator of energy capacity.
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According to BP statistics [15], in 2019 solar power generation accounted for 3% of the
world’s electricity. It represented the second largest absolute generation growth among all
renewable technologies, being slightly behind wind and ahead of hydropower (small HPP).
Furthermore, BP reports that, in 2020, solar systems showed another increase in the total
share of electricity generation with an additional 20%.

Electricity generation by SPPs in Kazakhstan is also growing from year to year. Thus,
according to the Ministry of Energy, in 2020 there was a sharp jump in solar power genera-
tion from 0.4 TWh to 1.4 TWh, which means a 200% increase in electricity production by
solar technologies (Table 2). This can be explained by the fact that large PV plants were
actively put into operation in 2020, the construction of which was slowed down due to the
start of the COVID-19 pandemic in 2019.

Table 2. Electricity generation in 2019–2021, TWh.

2019 2020 2021

Total RE PVs Share
of PV Total RE PVs Share

of PV Total RE PVs Share
of PV

World 27,000 2789.2 707.9 2.6% 26,823 3147.0 855.7 3.2% 28,466 3657 1032 3.6%
RK 106.5 1.1 0.4 0.4% 109.2 3.7 1.4 1.3% 114.4 4.2 1.6 1.4%

Source: [15,16].

In the International Energy Agency report [17], the IEA predicted a 60% increase in
installed RE capacity by 2026, amounting to more than 4800 GW. According to the report,
1100 GW of capacity will come from solar PV energy, twice as much as in the previous
five years. To sum up, the world is expected to see a significant increase in the share of
Renewable Energy (RE) in the energy mix, in which half of the production will come from
solar photovoltaic systems. Therefore, this paper is an up-to-date overview of the solar
industry in Kazakhstan and the world, using the examples of the top five countries. This
article presents current initiatives and mechanisms that stimulate the development of RE,
analyses the political approach and existing barriers, and discusses development prospects.

The methodology used in this research combines analytical research and evaluation
methods to examine the current situation, drivers, and incentives in solar energy policy,
as well as future prospects for development in Kazakhstan and around the world. This
study draws on data and information gathered from both the peer-reviewed literature
and the “gray” literature, which provide an up-to-date analysis of solar energy. To assess
the prospects for solar power, this paper compares best practices for implementing solar
systems and, based on this analysis, identifies the best and worst pathways. This study of
electricity generation in the top five countries assesses the effectiveness of the incentives
and mechanisms implemented in the renewable energy sector. This study also emphasizes
the need to constantly update and supplement legislation and plans, taking into account
technological progress, market structure, international experience, and the current situation
in the country.

3. Results
3.1. Current Situation Analysis and Future Provisions of Solar Energy in the World

According to IRENA [18], over the next three decades, the solar industry will develop
rapidly, and by 2050 it will become one of the main renewable sources with a share of 25%
of all electricity in the world. In terms of installed capacity, the Agency reports that the next
decade’s annual growth of solar PV systems will be approximately 450 GW/year and, by
2030, the cumulative installed capacity will reach 5200 GW. Additionally, the Bloomberg
agency reveals that, until 2050, the total installed capacity in the world will increase to
14,000 GW (Table 3) [19].
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Table 3. World’s solar PV system development dynamics.

2010 2020 2030 2050

Share in total generation 0.2% 3.1% 13% 25%
Total installed capacity (GW) 39 710.3 5200 14,000
Annual increase (GW/year) 17 67 450 444

Source: [16,18,19].

A significant reason for solar energy development is the steady decline of costs over
the last decade (Table 4). Only in 2021 did prices for solar modules increase due to the
shortage of polysilicon worldwide. Subsequently, in the first half of 2021, the price of
solar modules expanded by 18%. In addition, prices have changed because of higher
transportation costs. This situation occurred due to restrictive measures during COVID-19,
which complicated the export process from China and increased the cost of shipping
containers [20]. Nonetheless, the demand for photovoltaic energy remained high; hence, in
the second half of 2021, investors participated in auctions and corporate purchases with
“new” prices [17].

Table 4. Solar PV installation cost changes.

2010 2020 2030 2050

Total installation cost
(USD/kW) 4731 883 834–340 481–165

LCOE (USD/kWh) 0.381 0.057 0.08–0.2 0.05–0.01
Sources: [18,21].

Despite rising prices for solar PV panels, 133 GW of new capacity was installed globally
in 2021. Generation by solar PV facilities worldwide increased by 23% over the last year
from 846.2 TWh to 1032.5 TWh [22]. The leaders in terms of production were China, the
USA, Japan, India, and Germany [23]. The top five countries accounted for 67.4% of all
electricity generated by PV facilities (Figure 1).
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According to IEA forecasts, in the future, 80% of the worldwide expansion of solar
energy capacity will be in China, Europe, the United States, and India.

3.2. Solar Energy Outlook, Incentives, and Policies of Top Five Countries
3.2.1. China

Currently, China is a giant solar PV manufacturer in the world. China is engaged in
producing solar technologies and actively promotes solar energy in its country, as evidenced
by its inclusion among the top countries in producing solar energy. In the late XX century,
China successfully exported solar panels to developing countries. In 2008. China exported
95% of its solar products [24] but needed to pay more attention to the development of the
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solar industry within the country. Following the global financial crisis in 2008, the Chinese
government was forced to introduce many domestic stimulus measures that benefited
struggling Chinese solar companies [25]. As a result, China is now the leader in solar-
installed capacity, having installed 205 GW in 2019 and 254 GW in 2020, bringing the
cumulative installed capacity to 306 GW in 2021 [26]. According to IEA forecasts, China
will maintain its leadership position and, by 2026, will increase its capacity of solar energy
by an additional 450 GW. Moreover, the president announced that China plans to double
its current capacity by 2030 and achieve net zero emissions before 2060 [17].

China’s solar energy policy has gone through many changes since 1996. In the early
stage, it was based more on R&D and subsidy programs such as the Brightness Program
(1996) and The Township Electrification Program (2002) [27]. These two programs were
formed to electrify Western regions using solar energy systems. Further, in 2009, the
Ministry of Finance initiated two more programs—the Roof-top Subsidy Program and the
Golden Sun Demonstration Program—to boost China’s solar PV market [28]. In 2011, the
National Development and Reform Commission (NDRC) adopted its first FIT mechanism
that incentivises the development of solar PV technologies in China. According to the FIT
scheme, distributed and utility PV systems are purchased at a fixed price of 1 CNY per
kWh for 20 years. In 2013, the FIT was categorised by regions and set at 0.9, 0.95, and
1.00 CNY/kW h for Region I, II, and III, respectively [29]. The FIT mechanism became a
driving factor of solar energy deployment among all policy incentives and mechanisms in
China such as VAT exemption, financial grants and subsidies, custom duty exemption, and
no standard price-setting. With all these policies, China’s solar power capacity increased
from 3 GW in 2011 to 306 GW in 2021 [30].

3.2.2. United States

Until the 2000s, solar energy development in the United States (US) was insignificant
due to its high cost. Since 2014, with a price drop of 50%, solar energy has become more
affordable and prevalent in the United States. In 2021, the US solar power production was
165.4 TW h—33% more than the previous year. Unlike other countries, the US is developing
not only solar PV systems but also concentrated Solar–Thermal Plants (CSP). Solar PV
systems’ capacity in the US accounts for 97.2 GW in 2021, 1.8 GW of which is CSP [31].
According to the Energy Information Administration (EIA), in 2022 the capacity of solar PV
systems is estimated to add 22 GW [32]. Furthermore, IEA forecasts the growth of solar
PV capacity by 75% over the next five years [17]. Furthermore, the US government plans
to increase solar power generation to 14% by 2035 and 20% by 2050, reaching the net zero
emission target in the same year [33].

Solar energy is one of the fastest-growing sources of new-generation electricity in the
US. For this reason, the US government has focused on incentives and mechanisms towards
solar energy deployment. Unlike other countries, in the United States, RE policies are driven
by local, state, and federal entities. Initially, the Energy Policy Act passed in 2005 by the
Department of Energy (DOE) provided renewable source tax exemptions [34]. Under this
Act, federal entities formed an Investment Tax Credit (ITC) law that created a tax credit up
to 30% for commercial and residential systems [35]. Regarding local entities, a net-metering
law was adopted in 43 states, under which consumers generated electricity and reduced
their bills [36]. Additionally, clean energy funds, FITs, auctions, Solar Renewable Energy
Certificates (SRECs), and low-interest loans were established to encourage solar energy
growth. All these incentives and mechanisms positively influenced the solar industry in
the United States.

The first solar PV panel production started in Ohio in 2000, with an annual production
capacity of 100 MW [37]. In 2014, America put into operation the largest CSP plant in the
world, with an installed capacity of 392 MW. The number of solar installations in America
reached 1 million in 2016. Recently, the US government has been trying to diversify solar
technologies to achieve its ambitious goals for the transition to clean energy.
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The Inflation Reduction Act, the most substantial step Congress has ever taken on
renewable energy and climate change, was signed into law on 16 August 2022 [38]. The
Inflation Reduction Act is firmly focused on improving America and achieving President
Biden’s goal of ensuring that the country, driven by American workers, continues to lead
the world in clean energy technology, manufacturing, and innovation. The $370 billion
in investments made possible by the Inflation Reduction Act will lower energy costs for
individuals and small businesses, speed up private investment in clean energy solutions
across the board, strengthen supply chains for everything from essential minerals to energy-
efficient appliances, and generate new and well-paying employment opportunities [38].

3.2.3. Japan

For Japan, developing solar energy and RE, in general, is a big challenge and a chance
to increase the country’s energy self-sufficiency. Due to the lack of conventional energy
resources (coal, oil, gas), Japan is dependent on carbon-intensive fossil fuel imports. In
addition, after the Fukushima accident, Japan struggled with nuclear power and tried to
minimise its dependence on it. Therefore, the large-scale deployment of RE in Japan is the
best solution for the country’s energy security.

Over the past decade, Japan has increased the installed solar energy capacity from
4 GW to 74 GW [39]. In terms of solar energy generation, Japan’s total generated solar
energy reached 130 TWh in 2021. Considering the insignificance of its territory compared
with China, India, and the United States, the Japanese government also put efforts into
developing floating solar plants. As a result, the all-round development of solar systems in
Japan has made it the world’s third largest producer of solar energy. According to [39], the
annual generation of PV energy was estimated to increase on average by 1.7% in 2030, 3.9%
in 2050, and 4.9% in 2070 due to climate change.

To quickly deploy solar technologies, the Japanese government has applied several
policy measures, such as subsidising the construction of SPPs, the use of solar energy in
total electricity production, the purchase of electricity from solar sources at a fixed rate
(2012), and the introduction of auction systems for trading SPPs (2017). Recently, Japan’s
Ministry of Economy, Trade and Industry (METI) has been bidding 0.010 $/kWh for roof-
top PVs and 0.087 $/kWh for solar energy auctions, which is considered insufficient due to
the increase in prices for solar technologies [40].

3.2.4. India

India has tremendous potential for harnessing solar energy. The average solar radia-
tion incident in India varies from 4 kWh/day to 7 kWh/day and initiates a solar energy
of about 5 × 1018 Wh/year [41]. Since 2011, India’s solar energy capacity has grown from
0.6 GW to 49.3 GW in 2021 [42]. Its annual growth of solar energy production was 5.2%
and reached 68 TWh in 2021. India is estimated to add 121 GW of renewables between
2021 and 2026, of which 74% of the shares belong to solar technologies, while 16% will be
wind [17]. Due to the country’s large-scale deployment of solar energy, India has become
competitive and is ranked fourth in the world in solar energy generation. According to the
National Solar Mission (2015), the government of India revised its target from 20 GW by
2022 to 100 GW by 2022. It has set an ambitious solar energy target of 280–300 GW by 2030,
with net zero emissions by 2070 [43].

Despite the great potential of solar radiation, solar energy needed some policy mea-
sures to initiate its deployment. Therefore, the government of India adopted several laws,
such as the Electricity Act (2003), the National Electricity Policy (2005), and the National
Tariff Policy (2006), that are fundamental to the development of RE in the country [44].
Moreover, in 2003–2014, the Solar Home System (SHS) Program was launched to electrify
off-grid rural homeowners. In 2010, the National Solar Mission was formed, which aimed
to meet 100 GW by 2022. Additionally, incentives and mechanisms were implemented to
stimulate the solar energy sector in India: more accessible land acquisition, FIT, auction
bidding, special grants, and free transmission infrastructure [45].
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3.2.5. Germany

According to BP statistics, Germany ranks fifth in solar power generation in the world.
The growth dynamics of electricity production from solar energy in Germany over the past
decade show a remarkable rate, rising from 12 TWh (2010) to 50 TWh (2021) [15]. Despite
the positive growth of solar energy production, in 2021 the total share of renewables in
the net electricity generation fell by 4.3% compared with the previous year. This situation
developed due to climatic conditions that have affected the generation of wind turbines
(−12%), but not solar panels [46].

According to the Fraunhofer ISE, by the end of 2021, solar power added 4.9 GW of
capacity, increasing the total installed capacity to 58.6 GW [47]. Moreover, IEA forecasts that
the share of solar energy in the total RE of Germany is expected to increase from 22% to 36%
during 2021–2026 [17]. Despite promising statistics for the development of solar systems in
the country, Germany is still dependent on fossil fuels, mainly brown coal. Nonetheless,
the share of renewable sources is growing annually, as Germany has set demanding goals
to reduce Greenhouse Gas (GHG) emissions by 55% by 2030 and by 80–95% by 2050 [48].

The development of energy policies in Germany began with the adoption of the
Electricity Feed Law in 1990 and the Renewable Energy Law (orig.—EEG) in 2000 [49].
EEG is considered a key mechanism for the widespread use of RES in Germany. Initially, it
was driven by guaranteed, long-term FITs for renewable sources but then, in 2014–2017, it
was replaced by a competitive auction system. Another important document in the energy
policy of Germany is the Climate Action Plan 2050, first entered in 2016 [50]. Under this
climate policy, Germany set an ambitious target to achieve carbon neutrality by 2050.

Two of these key energy policies are undergoing preparations for reform in connection
with the Russian–Ukrainian war. According to the German Chancellor, Germany needs
a rapid transition to 100% renewable sources to achieve independence from fossil fuel
imports. In this regard, on May 2022 the Economy and Climate Ministry (orig.—BMWK)
published its work plan for reforms regarding solar energy, which includes revising FITs
for solar installations, classifying owners into generating and partly consuming, increasing
auction capacities for solar systems, and dividing subsidies equally between roof-top and
utility-scale PVs [51].

3.3. Solar Energy Potential and Solar System Policies of Kazakhstan

Kazakhstan, the heart of the Eurasian continent, has a vast territory of 2.7 million km2

with a population density of 7 people/km2. Most of the territory is occupied by steppes
and deserts, suitable for developing solar and wind energy in the country. The annual
potential of solar energy is estimated at 0.25 × 109 Wh [52]. It experiences 2200–3000 h of
sunlight per year, which provides a sizeable solar insolation of 1300–1800 kW/m2/year
throughout the country (Figure 2). Notably, due to its geographical features, the southern
parts of Kazakhstan have a higher intensity of solar light than others.

Therefore, most of all integrated solar plants are located in this country. Based on the
National Energy Report (2021) [53], 45 SPPs are in operation in this country, half of which
are placed in the southern regions (Figure 3).

According to the Ministry of Energy, for the first half of 2022, SPPs generated
0.854 TWh [54] and accounted for 1.2% of gross electricity generation (Figure 4).

As mentioned above, Kazakhstan began its pathway towards integrating RES with
the Law on RES, adopted in 2009. Further, the “Kazakhstan-2050” Strategy improved the
development of RE in the country [55]. This strategy became an operational plan for all
levels of government, the purpose of which is to become one of the 30 most developed
economies in the world by 2050 [56]. Based on the Strategy-2050 of May 2013, the gov-
ernment formed “the Concept for the transition to a green economy” based on energy
efficiency and innovative technologies for sustainable growth [9].
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Between 2013–2017, the Law on RES was revised and amended with the following
steps [8,57]:

- In 2013, a Settlement and Financial Centre (RFC) was created under TSO, which
undertook to purchase all generated electricity from RE facilities at a fixed rate for
15 years. Such a change in the law guaranteed investors payback for the project.
Furthermore, TSO undertook to connect RE facilities to its transmission networks.

- In 2016, RE projects were included in an “investment projects” list and therefore were
exempt from VAT and customs duties.

- In 2017, an auction mechanism for RE facilities was adopted. However, the first
auction was held a year later, in 2018, and replaced fixed tariffs. This mechanism was
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introduced to increase the investment attractiveness of RES projects. The dynamics of
changes in auction tariffs for SPP projects are shown in Figure 5.

- In 2019, a “project auction” was introduced. This mechanism differed from previous
auctions in that, before the start of the auction, the investor is provided with infor-
mation on the technical conditions for connecting the facility and on the commercial
efficiency of the project, as well as data on the allocated site. This approach was
designed to eliminate hidden risks and reduce the tariff.

- In 2020, RES projects were included in a “priority investment projects” list. According
to which, RES facilities became exempt from taxes on land and property. Moreover,
the guaranteed purchase of electricity was increased to 20 years (Figure 5).
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Since 2018, the United Nations Development Programme (UNDP) in Kazakhstan,
together with the Ministry of Energy of Kazakhstan, is implementing a project to reduce
the risks of investing in renewable energy sources with the financial support of the Global
Environment Facility. This is a joint initiative that aims to support the government in
developing and amending the country’s legislation on RES, as well as the introduction of
pilot mechanisms for SMEs interested in using RES technologies.
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The main improvement of the investment system was a new innovative mechanism
for RES—an auction with ready-made documentation (project auction). The key point of
the proposed practice was that, prior to the auction, the potential investor is provided with
data on the main parameters of the project in a package of pre-project documentation:

- Information about the specific site of the project;
- Points, technical conditions for its connection to the energy system;
- An enlarged estimate of the cost of constructing a RES power plant/calculation of the

commercial efficiency of the project.

This allowed bidders to calculate their capabilities, exclude “hidden” risks, and offer
even lower tariffs during bidding. Currently, Kazakhstan has 134 operating objects of RES,
with a total capacity of 2010 MW (WES-684 MW; SPP-1038 MW; HPP-180 MW; BioES-
8 MW). By the end of 2021, power generation by RES facilities was about 4.2 × 109 Wh. The
share of RES-generated electricity in the total volume of electricity production is 4% [54].

The United Nations Development Program in Kazakhstan presented an effective
model for financing energy-efficient modernization in pilot apartment buildings. Five
apartment buildings located between Pushkin and Zhubanov Streets in Astana, which
were built back in 1964, were selected for the pilot project. The basis of the multi-apartment
housing stock of the Republic of Kazakhstan are buildings built in 1960–1990. An important
aspect of the sustainable development of the city remains the support, rehabilitation, and
reconstruction of the old housing stock. This sector is the third largest consumer of heat
and electricity after the energy and manufacturing sectors, consuming about 11 percent of
the electricity and 40 percent of the heat supplied.

More than half of greenhouse gas emissions in the residential heat and power sector
in Kazakhstan come from space heating. According to expert estimates, about 60,000 apart-
ment buildings have thermal characteristics that do not meet modern requirements and
require energy-efficient modernization. In the course of modernization, measures such as
insulating house walls and interpanel joints, restoring gutters and downspouts, and replac-
ing entrance doors and balcony structures were carried out. LED lighting was completely
replaced in the entrances, the heating system and the hot- and cold-water supply were
modernized, pipelines were replaced, and automatic heating substations were installed.
The model was financed from several sources, including the funds of apartment owners.

A similar mechanism of co-financing measures to improve the energy efficiency of
apartment buildings was tested in Temirtau. A number of activities were carried out:
the insulation of roofing, joints, and basement ceilings, the replacement of windows and
entrances, the installation of an Automated Heat Substation (AHS), balancing, pipe in-
sulation, the replacement of light fixtures. Part of the measures were implemented by
engaging companies that invested in modernization (ATP, lighting), and the apartment
owners’ investments were reimbursed through savings under the energy service contract
model [54].

To date, the Ministry of Energy has developed “the Energy Balance of the Republic of
Kazakhstan until 2035”, which compromises an increase in flexible capacities, the number
of RES, and the development of energy systems in neighbouring countries [58]. According
to the analysis, electricity consumption in the country will grow to 15.29 × 109 Wh by 2035,
and the average annual growth in electricity consumption will increase by 2.7% between
2021–2035. To cover the needs of the economy and the population, it will be necessary to
commission 17.5 GW of new generation by 2035 [47].

According to IRENA’s projection of the transformational scenario for the fuel and
energy complex, wind power will be the main source of electricity generation, providing
more than one-third of total electricity demand globally by 2050. This will be followed by
solar photovoltaic systems providing 25 percent of total electricity demand, leading to more
than a 10-fold increase in solar PVs’ share of the generation mix by 2050 compared with
2017 levels. In the context of total installed capacity, a much larger capacity expansion will
be required for solar PV plants (8519 GW) compared with wind plants (6044 GW) by 2050.
Experts expect the rate of growth in the commissioning of new RES capacity to remain high.
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Solar PV development will continue to break records, with annual growth projected at 162
GW by 2022, nearly 50% higher than before the 2019 pandemic [21].

4. Discussion

In analysing the international experience in pursuing a policy to promote RE—and
solar energy in particular—it is necessary to single out the most effective mechanisms: FIT,
net-metering, and auction bidding. These mechanisms are widely used, as they positively
impact the investment attractiveness of RE projects. However, some experts believe that
they may have a negative impact on stakeholders and the grid [59]. For example, in
Germany, with the introduction of FITs for solar PV, the number of installed solar facilities
has increased significantly and rapidly. As a result, this has led to an oversupply of solar
PVs and, subsequently, unreliable electric systems. Therefore, fixed tariffs in Germany have
undergone several adjustments over the past decade and have been reduced several times.

The same problem occurred in China. The introduction of FIT mechanisms has led to
the rapid deployment of the domestic PV market; thus, the FIT policy needed to be updated.
Unlike Germany, China has divided fixed tariffs into levels depending on the region [60].
Due to the vast territory, transferring electricity from solar stations in the west to consumers
in the central and eastern areas was difficult. Subsequently, the value of fixed tariffs was
revised to consider solar radiation, and the development and attractiveness of the region
for investors. Like other countries, Kazakhstan also implemented FIT mechanisms for the
broad penetration of solar facilities. However, in Kazakhstan, there was no mass connection
of small-scale solar PVs, due to consumers’ disinterest and the legislative framework’s
underdevelopment. Nevertheless, utility-scale solar systems have become widespread
through FIT mechanisms.

The net-metering mechanism has become widely used in America, along with guaran-
teed tariffs for RE. This type of mechanism has become popular in the residential sector, as
the consumer can sell surplus produced energy to the grid [61]. According to statista.com,
in 2020, the number of photovoltaic net-metering customers was over 2 million [62]. In
Japan, on the contrary, NEM for the residential sector has been cancelled since 2012, and
all surplus electricity is purchased at a fixed price for 10 years as a subsidy for installing
PV panels [63]. In India, the net-metering mechanism was only introduced in 2021, for
prosumers with loads up to 500 kW [64]. This mechanism aims to develop the roof-top
segment to achieve its ambitious goals of 40 GW by 2022.

In Kazakhstan, the NEM mechanism has yet to find wide application among house-
holds due to the lack of a specially designed program. In addition, the price and quality
of “traditional” electricity from the network are entirely satisfactory for most country
residents. Although, given the vast territoriality of Kazakhstan, this type of mechanism
would have a good effect on consumers in remote and hard-to-reach places, who could
produce energy for their own needs and immediately consume it, without losses in the
networks. Additionally, these consumers could transfer excess generated energy to the grid
and participate in the electricity market. The auction mechanism has become popular due
to its investment attractiveness. This mechanism is used in all developed countries, as it is
incredibly transparent and economically attractive for investors [65].

In the studies of S. K. Kar et al., the solar energy potential of India, its market devel-
opments, capacity additions, actual production, and the economics of solar energy were
reviewed [66]. Based on G. Adwek et al., Kenya has a huge potential for solar energy
that needs to be used properly [67]. In this study, the authors focused on opportunities to
develop solar electrification in Kenya, the existing barriers, government policies, and future
perspectives on solar energy. The authors concluded that for the large-scale deployment of
solar energy in the country, a strict adherence to existing policies was needed, as well as the
reform of energy subsidies, tax exemptions, and the implementation of a NEM system. An-
other African country was reviewed in the scope of solar energy development. Researchers
from Ghana studied the current situation of solar energy and the existing energy policy
that can affect the deployment of the solar power industry in the country [68]. Moreover, in
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this work, the Low Emissions Analysis Platform (LEAP) model was used to predict energy
demand using historical data from 2000 to 2018. In Waldau’s study, the rapid increase in
SPVS in the world was considered, as well as the factors affecting this increase [69]. The
research was carried out for the European Union and included studies on the solar PV
market. It was concluded that future policies and regulations in the field of SPVS should
be implemented considering the high costs of household PV systems. A decade of solar
energy development in ASEAN countries was examined in [70]. This work investigated
the solar policy and support mechanisms for each ASEAN country. As a result, the authors
gave policy recommendations depending on different stages of the country’s level. The
World Bank [71] undertook a huge and important work in the field of solar power potential.
Considering each country’s location, solar radiation, and climatic conditions, the Bank
prepared a report that consists of potential solar power factsheets for 210 countries.

A. Aszodi et al. presented a model of electric supply using Energy Scenarios Simulation
Tools (ESST) for 19 European countries [72]. As initial data, the authors used hourly
resolution schedules from the ENTSO-E database and the energy strategy documents of
each country. In this wide range of research, authors compared the possibility of the
power plant portfolios of the individual countries to cover the electricity needs to be
foreseen by their national energy strategies. Comparative analysis was carried out for
all energy sources, including SPPs. S. Kok investigated the solar energy policy for two
large solar energy-producing countries—China and India [73]. This work studied solar
policy, particularly the solar energy auction. The author concludes that the demand and
consumption of electricity is increasing in both countries. Even if they are fossil-fuel-based,
they actively promote RES and low-carbon technologies. Among all types of renewable
sources, solar energy is a fundamental strategy for sustainable energy supply in these two
countries. However, according to the author, these two countries have some distinctive
features. Comparing the solar energy policies of the two countries, it turned out that China
is predominantly stronger than India in general terms of politics. In contrast, in individual
politics, China is inferior to India, namely in the developing of solar energy auctions. This
situation is because India has paid great attention to previous RE sector experience and the
sustainability of the policies when developing the solar energy auction policy.

This paper focuses on the selected economic policies of the top five countries and
Kazakhstan, in what may be considered a specific research limitation. It must be noted that
the transition to renewable energy sources and a more circular economy is under discussion
worldwide, e.g., [74–78]. The factors that facilitate this transition and hinder it are complex,
and economic policy, despite being very important, is just one of many driving forces.

5. Conclusions

According to the research, the solar energy industry has great potential to develop
worldwide and will take its place in gross electricity production. World experience in the
development of the solar industry shows that the introduction of measures, incentives,
and the use of RE directly affects its deployment. Based on the volumes of electricity
generated by the solar systems of the top five countries, it is obvious that all the incentives
and mechanisms introduced in the field of RE were effective. In addition, RE policy
analysis shows that legislative acts and plans were constantly updated and supplemented
depending on technology progress, market structure, international experience, and the
current situation in the country.

Therefore, considering the above, some recommendations for the further expansion of
RE in Kazakhstan to achieve the goals set by 2030–2050 have been prepared. Since there is
no separate policy for solar systems in Kazakhstan, the following recommendations for
the development of the RE as a whole, which includes solar energy as well, are given. The
issue of balancing the national electricity market is one of the most relevant. For 13 years
now, the balancing market of Kazakhstan has been operating in a simulation mode, which
is why there is no real financial responsibility for imbalances in the network. As a result,
market participants did not take proper measures to prevent or mitigate the imbalances they
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produced. Moreover, overlapped imbalances worsen the situation in the energy system.
Subsequently, there are large overflows on the border with Russia that cause overpays and
strains relations with the National Electrical Grid of the Russian Federation.

It is necessary to develop large RES zones with favourable potential and an easy access
to networks to combine government and business efforts to decarbonise the energy sector.
Large RE capacities can be placed in such zones using various technologies (solar energy,
wind energy, etc.). For developing such zones, using the PPP principle, the government
should connect all the necessary communications (roads, networks, water supply, etc.).
The selection of investors in such zones is carried out according to the auction mechanism.
Undoubtedly, these zones will become the point of attraction for significant foreign invest-
ments from the world giants of the sector, which will be able to offer advanced technologies
and competitive tariffs.

Author Contributions: Conceptualization, S.M., R.A. and T.S.; methodology, A.B., B.K. and M.T.;
software, S.M.; validation, A.B. and T.S.; formal analysis, R.A. A.B., and B.K.; resources, M.T., S.M.
and R.A.; writing—review and editing, S.M., T.S., R.A., A.B., B.K. and M.T.; visualization, S.M., M.T.,
T.S. and B.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data that support the findings of this study are available on request
from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

Acronym Designation
RE Renewable Energy
IRENA International Renewable Energy Agency
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FIT Feed-in-Tariffs
RET Renewable Energy Targets
NEM Net Energy Metering
SPPs Solar Power Plants
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PV Photovoltaic
RE Renewable Energy
DOE Department of Energy
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SRECs Solar Renewable Energy Certificates
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UNDP United Nations Development Programme
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