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Abstract: This research article provides a comprehensive scenario analysis of key structural changes
in Kazakhstan’s fuel and energy complex subsectors until 2060, focusing on decarbonization efforts.
The background places the issue of decarbonization in a broader context, considering the country’s
vast size and sparse population. The study’s purpose involves analyzing the development of the
climate agenda by comparing two scenarios: a “reference” scenario without decarbonization measures
and a carbon neutrality scenario until 2060 (CN2060). A mathematical technical-economic model
based on the TIMES paradigm (The Integrated MARKAL-EFOM System) serves as the method
to optimize and simulate Kazakhstan’s energy system. The main findings reveal sets of policies,
standards, and legislative, economic, and political decisions that are required to achieve CN2060.
Additionally, the integration of a low-carbon policy, sectoral and cross-cutting approaches, the
impact of the coronavirus crisis, the Russia-Ukraine conflict, and energy security issues receive a
discussion. The article concludes with projected shares of generation and investment in renewable
energy sources (RES) necessary for attaining CN2060. This work offers novel insights into challenges
and opportunities for Kazakhstan’s transition to a low-carbon economy.

Keywords: scenario analyses; Kazakhstan; green economy; TIMES; energy systems optimization
modelling; low carbon strategy; carbon neutrality; sustainable development

1. Introduction

For most forecasts and predictive studies of the development of global energy, a
scenario approach is characteristic, covering a wide cone of possible trajectories of the
upcoming expansion. The specialists know that such assessments and forecasts are as-
sociated with uncertainty in all the process components. This uncertainty concerns the
future demand for energy resources and the possibilities of covering them, the role of new
technologies, and the potential measures that society can take to address the risks associ-
ated with climate change, including investment opportunities. Globalization, geopolitics,
demographic processes, a sharp increase in social inequality, revolutions, and recent events
related to the coronavirus pandemic and the Russia-Ukraine conflict, which affects the
energy situation around the world, contribute to this uncertainty [1-5].

The ongoing global energy transition towards a low-carbon economy has been a
topic of immense interest in recent years. The COVID-19 pandemic, also known as the
coronacrisis or pandemic crisis, has significantly accelerated this transition by impacting
global energy demand, greenhouse gas (GHG) emissions, and energy prices [6].

Energies 2023, 16, 5142. https:/ /doi.org/10.3390/en16135142

https:/ /www.mdpi.com/journal/energies


https://doi.org/10.3390/en16135142
https://doi.org/10.3390/en16135142
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0002-4904-2047
https://orcid.org/0000-0001-9981-0684
https://doi.org/10.3390/en16135142
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en16135142?type=check_update&version=2

Energies 2023, 16, 5142

2 of 14

Consequently, the focus of numerous projections and scenarios has shifted towards
understanding the potential impact of the pandemic on the future of global energy systems
and low-carbon development.

In response to these global changes, Kazakhstan’s President, K. Tokayev, announced at
the virtual Climate Ambition Summit on 12 December 2020 that Kazakhstan aims to achieve
climate neutrality by 2060. Subsequently, the “Strategy for achieving carbon neutrality
of the Republic of Kazakhstan until 2060” was signed on 2 February 2023, outlining key
milestones and objectives for the country’s transition to a low-carbon economy, such as the
abandonment of new coal-fired generation projects and the phasing out of coal combustion,
increasing renewable energy sources, a program to plant two billion trees (2025), 100 percent
sorting of municipal solid waste (2040), sustainable agriculture across 75 percent of arable
land (2045), 100 percent electrification of personal passenger transport (2045), the use of
green hydrogen, the complete phase-out of coal-fired production (2050), promoting energy
efficiency across all sectors, investing in carbon capture and storage technologies, and
fostering innovation in low-carbon technologies and sustainable practices. [7,8]. This paper
explores the influence of various assumptions on the future energy system and examines
the transition from a coal-based energy system to one based on nuclear and renewable
energy sources.

Given the growing interest in low-carbon development and carbon neutrality scenar-
ios from organizations such as the Intergovernmental Panel on Climate Change (IPCC),
it is crucial to conduct predictive analyses using established classifications and method-
ologies [9]. Scenario analysis, as proposed by [10], is fundamental for energy planning, as
it allows for the exploration of alternative development paths and outcomes, considering
long-term planning horizons, technological lifespans, and variable implementation times.
The reference scenario is typically compared with contrasting scenarios based on alternative
hypotheses to evaluate the energy system’s response under different conditions and to
identify optimal development paths [11] (See Table 1).

Table 1. The scenarios of the future development of global energy.

Reference Scenario References
Current policies scenario 1IEA, 2021 [12]
OPEC'’s reference or reference case WOO, 2021 [13]
Reference case scenario (RCS) GGO, 2021 [14]
Reference scenario (baseline scenario) IEE]J, 2021 [15]
Rivalry—Equinor company Equinor, 2021 [16]
Planned energy scenario (PES) IRENA, 2021 [17]
CN References
World energy outlook 2021 scenarios [18]
e  Net zero scenario (net zero) IEA, 2021
e  Sustainable development scenario (SDS) IEA, 2021
e  Announced pledges scenario (APS) IEA, 2021
e  Stated policies scenario (STEPS) IEA, 2021

Intergovernmental Panel on Climate Change,
IPCC—Special Report on Global Warming of 1.5 °C

1.5 °C Scenario—IRENA (world energy
transitions outlook 2021)

Scenario 1.5 °C pathway McKinsey, 2021 [21]

IPCC, 2021 [19]

IRENA, 2021 [20]
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Table 1. Cont.

Reference Scenario References

OPEC'’s alternative scenarios

(scenario A, scenario B) World Oil Outlook, 2020 [22]

Carbon mitigation scenario (CMS) GECEF, 2021 [23]
Advanced technologies scenario IEE]J, 2020 [24]
Renewal Equinor, 2020 [25]
Rebalance Equinor, 2020 [26]
Rapid transition scenario BP Energy Outlook 2020 [27]
NEO climate scenarios (NCS) (green, gray, red) BloombergNEF, 2021 [28]
New normal scenario Global Energy and Climate Outlook, 2020 [29]

Kazakhstan’s energy sector, being the country’s largest source of greenhouse gas
(GHG) emissions, plays a crucial role in the country’s transition to a low-carbon economy.
The challenges posed by the energy sector in Kazakhstan are due to its current structure,
based on coal usage, and the continental climate with clearly defined seasons [23]. As the
country aims to achieve carbon neutrality, it is essential to evaluate the proposed measures
and their impact on various sectors, including energy, manufacturing, construction, and
transportation [24].

The transition to renewable energy sources (RES) in Kazakhstan’s energy sector comes
with many challenges, particularly the vulnerability of RES to variable capacities [30].
The introduction of intermittent generation based on renewable energy sources can cause
imbalances in the energy system, requiring changes in traditional electricity production
schedules and the implementation of energy storage systems [31]. Evaluating these mea-
sures and their potential to achieve carbon neutrality is critical to the successful low-carbon
development of Kazakhstan’s economy.

Economic growth with low carbon output involves substantial cuts in greenhouse
gas emissions relative to GDP, transitioning from fossil fuels to renewable energy sources
such as solar, wind, and small-scale hydropower. It also includes lessening energy usage,
thus diminishing emissions in industries and utilities. Hence, assessing the measures for
achieving carbon neutrality is crucial [32-34].

In light of these considerations, this paper aims to contribute to the existing body
of knowledge by critically reviewing the literature on carbon neutrality and low-carbon
development strategies. This paper emphasizes the main scientific works cited in the text,
highlighting their contributions to the current state of the topic, the approaches employed,
the most important results obtained, and the existing unsolved issues. By doing so, this
paper seeks to address the unsolved problems related to the subject and support the
importance of the study within the broader context of the energy transition and carbon
neutrality efforts.

Notwithstanding the increasing corpus of literature on low-carbon development and
carbon neutrality scenarios, a substantial gap in knowledge persists concerning the dis-
tinctive obstacles that Kazakhstan encounters in realizing its carbon neutrality objectives.
The current body of research has not adequately examined the intricate interrelationships
among the energy infrastructure, regional attributes, and policy frameworks that are unique
to Kazakhstan’s energy system. The absence of information in the present state of knowl-
edge poses a barrier to the formulation of all-encompassing and efficacious approaches
towards attaining carbon neutrality within the nation.

The main contributions of the paper are as follows:

— A critical literature review on carbon neutrality and low-carbon development strate-
gies is conducted, focusing specifically on Kazakhstan’s energy system.
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— A comprehensive analysis of the challenges and potential solutions unique to Kaza-
khstan’s energy infrastructure is provided, considering the country’s distinct climato-
logical and geological conditions.

— The impact of different assumptions on the future energy outlook of Kazakhstan
is investigated, contributing to a better understanding of the country’s transition
towards a low-carbon economy.

— The existing gap in the literature is identified and addressed, offering valuable insights
for policymakers, industry stakeholders, and researchers working on carbon neutrality
and low-carbon development.

This study’s novel contributions pertain to the comprehensive analysis of Kazakhstan’s
energy system, encompassing the assessment of proposed measures and their effects on
diverse sectors, including the energy, manufacturing, construction, and transportation
sectors. Furthermore, the authors evaluate the susceptibility of sustainable energy sources
to fluctuating capacities and the consequences of sporadic generation on the resilience of
the energy grid.

The rest of the paper is structured as follows: Section 2 presents the methodology used
for the analysis, including the scenario development and modeling approach; Section 3
discusses the results of the study, focusing on the challenges and opportunities for achieving
carbon neutrality in Kazakhstan; and Section 4 offers conclusions and recommendations
for future research and policy development.

2. Research Methods and Assumptions

This study employs systematic and prospective analysis techniques, providing insights
into modern measures for achieving carbon neutrality at the global level and exploring
potential future developments. The research methodology consists of several stages: setting
the study’s goal, assessing the current state of the problem, and conducting the analysis
using the MARKAL-EFOM Integrated System, version 4.1.0, with the solver LP = cplex, a
bottom-up model generator developed by the ETSAP (Energy Technology Systems Analysis
Programme) of the IEA (International Energy Agency, Paris, France) [35-37].

The computations were executed on a computer equipped with an Intel(R) Core (TM)
i7-9750H central processing unit, which operates at a frequency of 2.60 gigahertz, and with
a RAM capacity of 16 gigabytes. The utilized operating system is of 64-bit architecture, and
the duration of computation for the numerical outcomes was 1028.4 s.

The study encompassed a comprehensive range of sectors, including the agriculture,
electricity, industry, upstream, residential, supply chains, and transportation sectors. The
primary areas of interest were fuel prices, renewable energy sources, carbon taxes, and
demand forecasts spanning the years 2017 to 2060.

The study is structured chronologically, starting from 2017 and spanning until 2060.
The temporal intervals are demarcated by discrete annual designations, namely 2018, 2020,
2025, 2030, 2035, 2040, 2045, 2050, 2055, and 2060. The model employs a temporal resolution
of 10 intervals for time segmentation, 4 intervals for seasonal differentiation, and 6 intervals
for diurnal variation.

This model employs linear programming to create a lowest-cost power system opti-
mized for various user constraints over medium and long-term time horizons. It combines
two systematic approaches to energy modeling: an engineering approach and an eco-
nomic approach. The model covers all stages from primary resources to the supply of
energy services demanded by energy consumers, including transformation, transportation,
distribution, and energy transformation.

Figure 1 shows the flowchart depicting the TIMES model structure and its usage for
the scenario analysis of Reference and Carbon neutrality scenarios.
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Figure 1. Flowchart of TIMES model and scenario analysis.

As can be seen in Figure 1, the assumptions of the scenario feed into the model
containing a prepared structure using new technologies” database for future periods and
assumed demand drivers’ projections. After the results are obtained from the model, they
are interpreted and analyzed for insights into the energy system’s future developments.

Using the TIMES-based model, the authors analyzed the following scenarios for the
development of Kazakhstan’s energy system:

1.  Reference scenario without long-term GHG decreasing measures until 2060 (RF);
2. The scenario of carbon neutrality until 2060 (CN).

The reference scenario reflects a possible scenario of changes in greenhouse gas emis-
sions in a situation where no long-term measures are taken to reduce them, except gasifica-
tion. In contrast, the “carbon neutrality” scenario explores the space for carbon neutrality
by setting the final goal of minimizing GHG emissions by 2060 and implementing several
measures planned or discussed from a mid-term perspective

Table 2 presents the assumptions for both scenarios, covering indicators such as emis-
sions trading systems (ETS), population forecasts until 2026, oil production and gasification,
and taxes. The no-measures and carbon-neutral scenarios are based on feasibility modeling
for the energy sector.

Firstly, describing the general assumptions used for all scenarios is necessary. Ac-
cording to Table 2, GDP in the period 2022-2026 and until 2030 is forecasted to be at 4.0%
per year, 3.5% per year until 2035, and around 3.0-2.0% after 2035; population growth
in the period 2022-2026 and until 2035 is forecasted to in the range of 0.8-0.9% per year.
Both of these forecasts are based on the Socio-Economic Development of the Republic of
Kazakhstan (SED RK).
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Table 2. Scenario Assumptions.

Reference Scenario Carbon Neutrality (CN)

(RF) Scenario
General assumptions for all scenarios
GDP in the period 2022-2026 and until 2030 is forecasted to be at 4.0% per
year, 3.5% per year until 2035, and around 3.0-2.0% after 2035 V* \%

(Socio-Economic Development

of the Republic of Kazakhstan (SED RK)).

Population growth in the period 2022-2026 and until 2035 is expected to be
in the range of 0.8-0.9% per year (according to the forecast of the \% \%
Socio-Economic Development of the Republic of Kazakhstan (SED RK)).

Oil production rises to peak (115 million tons) in 2035. \% v

Gasification of the country is proceeding according to the forecast gas
balance of the Republic of Kazakhstan as a minimum and according to \% \%
scenario assumptions as a maximum.

Scenario-specific assumptions

The share of electricity generation on natural gas is expected to be at the

*

level of 20% and 25% in 2020 and 2030, respectively, and free from 2031. X v
Share of electricity generation from RES at the level of 3%, 6%, and 15% in X v
2020, 2025 and 2030, respectively.

Share of coal production at 40% by 2030. X v
Carbon tax on non-quota sectors by the ETS, with an annual increase by X v
3 dollars starting from 2023 on buildings, agriculture, and transport.

Limits on GHG emissions for 2030 (minus 15% from 1990 level) and for X v

2060 (zero level).

* where X means “not considered”, V means “considered”.

3. Results and Discussion
3.1. The Current Policy and Measures against Climate Change in Kazakhstan

The strategy formulated the current policy in the sphere of climate change in Kaza-
khstan. As a major exporter of fossil raw materials, Kazakhstan recognizes the need to
decarbonize the economy and create a sustainable low-carbon economic development
model to create new growth drivers [7]. The main pillars of policy consist of such elements
as the emission trade system (ETS), carbon budget, adaptation to the consequences of
climate change, and others.

Achieving carbon neutrality by 2060 for a country as large and sparsely populated as
Kazakhstan requires careful planning across the four decades. The strategy aims to achieve
this through the integrated implementation of a low-carbon policy and the use of sectoral
and cross-cutting approaches, including transitioning, “green” financing, research and
development work, education, public consciousness, international cooperation, adaptation
to climate change, and carbon regulation systems [7].

Currently, GHG emissions are regulated through the ETS, which began to work in
2013. Through the ETS, the authorized government agency has the ability to control only
43% of national GHG emissions. Only carbon dioxide emissions have quotas. Quotas are
distributed free of charge [38]. However, the effect of the ETS on the GHG decrease is not
observable due to the additional quota distribution to the market entities.

Some measures related to GHG mitigation were formulated via several strategic docu-
ments. The Concept of Transition of the Republic of Kazakhstan to a Green Economy (2013) defines
the goals for energy by 2030: the share of alternative sources in electricity production—30%,
the share of gas generation of electricity—25%, and the reduction of carbon dioxide (CO,)
emissions in the electric power industry by 15% [39].

The Law on Support for the Use of Renewable Energy Sources firstly regulates the
measures of state support for the use of RES, not only for the commercial production
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of electricity and heat, but also for the use of distributed small RES installations for the
own needs of households and farms, and secondly regulates the responsibility of the
government, the authorized body, and the local executive bodies in this area. Distributed
small-scale renewable energy in Kazakhstan has not yet developed, and official statistics
on it are not being compiled.

3.2. The Results of the Scenarios

The results of the calculations are presented here. It is clear, that it is difficult to revert
the inertia energy system to the new path.

The graph shows that the opportunity to reduce emissions toward carbon neutrality
begins to be realized around 2025. By 2030, GHG emissions from the energy sector will
reach —20% of the level of GHG emissions from the energy sector in 1990. This level
declines to —40%, —54%, and —99% in 2040, 2050, and 2060, respectively (Figure 2). The
level of GHG emissions from the energy sector in 2060 is 1.4 million tons of CO2-eq, which
are associated with the cement industry, the use of natural gas for non-energy needs, and
the production of hydrogen.

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

Years

e RF - Energy sector CN - Energy sector

e 1990 - Energy sector e= «= minus 15% from 1990 - Energy sector

Figure 2. Scenarios for the development of greenhouse gas emissions from the energy sector,
MtCO2eq.

To achieve this path, the energy system requires $544 billion in addition to the invest-
ments already happening in the reference scenario, in which the investments are around
$1120 billion dollars for the total energy system. Therefore, carbon neutrality requires 48%
more investments in the decarbonized energy system. However, when compared with the
$610 billion required for decarbonization investments under Kazakhstan’s Low-Emission
Development Strategy (LEDS) [7], the pathway proposed in this paper proves to be more
cost-effective as it necessitates smaller investments.

3.3. The Electricity Generation Sector

GHG emissions from the production of electricity in different scenarios are presented
in Figure 3.
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Figure 3. Scenarios for the development of greenhouse gas emissions in the electricity generation
sector (MtCO2eq).
In the reference scenario, GHG emissions from the electricity sector continue to increase
until 2040, subsequently dropping as a result of the increased adoption of gasification and a
partial phase-out of coal (Figure 3). Conversely, in the carbon neutrality (CN) scenario, GHG
emissions decrease more rapidly, thanks to a swift coal phase-out, expanded gasification,
and the integration of nuclear energy and renewables into the energy mix.
Table 3 presents the electricity generation in billion kWh for various energy sources
under both the RF and the CN. The data is provided for the years 2017, 2020, 2025, 2030,
2040, 2050, and 2060. The energy sources considered in the table are coal, natural gas,
large hydropower plants (HPPs), small HPPs, nuclear power, solar, wind, bioenergy, and
hydrogen. The table illustrates the changes in electricity generation for each energy source
across different time periods under both scenarios.
Table 3. Electricity generation, billion kWh.
Fact Reference Scenario CN
2017 2020 2025 2030 2040 2050 2060 2025 2030 2040 2050 2060
Coal 76.3 75.1 82.2 89.1 86.4 43.2 33.6 78.2 45.7 21.8 3.8 0.0
Natural gas 15.2 21.2 27.6 28.5 58.3 96.8 117.4 28.1 32.3 65.9 81.8 0.0
HPPs are large 11.2 9.1 11.2 11.2 13.3 13.3 74 11.2 13.3 13.3 13.3 7.4
HPPs are small 0.0 0.8 0.0 0.0 0.0 0.0 0.0 3.8 3.9 3.9 3.9 3.9
Nuclear power 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.9 21.5 65.5 228.6
Solar 0.0 1.3 1.0 1.0 5.4 35.1 57.7 1.9 6.9 13.8 32.8 112.8
Wind 0.3 1.1 0.8 0.8 1.8 9.5 10.0 1.8 8.7 17.3 38.5 119.3
Bioenergy 0.0 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hydrogen 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.2 134 11.0 0.0
Total 103.0 108.6 122.8 131.3 165.1 1977 2262 125.0 126.8 1709 2504 4720
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According to the data, if generation in the reference scenario grows gradually and
increases about two times by 2060, then in the carbon neutrality scenario, the growth reaches
almost a little less than five times reaching 472 billion kWh, indicating the importance
of electrification for carbon neutrality in energy-demanding sectors such as construction,
agriculture, transport, and industry. At the same time, renewable and alternative energy
sources play an essential role. The achieved level of electricity generation by 2060 is less
than in LEDS, where the amount of electricity is 525 billion kWh. With this new path,
the energy system requires less electricity due to the smaller share of renewables and the
use of hydrogen as an intermediate energy carrier that allows for the smoothing of the
intermittence of solar and wind electricity sources. The share of renewables (solar, wind,
and small hydro) is 50% against 83.2% in LEDS [7].

The intermittency of renewable energy sources (RES) is tackled by natural gas capac-
ities, batteries, and hydrogen usage as an intermittent fuel for hydrogen power plants,
which source their hydrogen from RES. The hydrogen for electricity is modelled as being
produced from RES and then utilized in hydrogen power plants. The modelling uses
10 slices for time differentiation, 4 for seasons, and 6 for day-night differentiation.

The model’s updated capacity factor for nuclear power is 0.9 annually. Additionally,
peak demand can be met by natural gas and hydrogen power plants. However, the model
operates at the level of technologies, not generators, which can be challenging to capture in
the TIMES model.

The structure of production by scenarios shows that the coal in electricity production
decreases in all scenarios and reaches zero by 2060. The decrease in coal capacities should
be planned due to the retirement of the existing coal capacities. There are some plans to
build coal plants, mainly co-generation heat plants, but such plans are under consideration
due to the evolving climate policy nationally and around the world. Even though, if they
will be implemented, they can be gasified in the future when the amount of natural gas will
be available in such places. Most probably, the gasification will be done with combined
cycle technologies. The share of natural gas increases by 2040 and then decreases to zero,
which is necessary for the interim period 2020-2050 and to achieve carbon neutrality by
2060. Implementing intensive geological explorations is necessary to find gas fields and
to consider the imports from Russia and Turkmenistan. However, these measures should
be weighed against energy security. This issue takes the main role in formulating plans in
view of the current geopolitical challenges and situations in the world [40—44].

Hydropower does not play a significant role in either scenario due to the low possibility
that the current number of hydro resources will be increased. Furthermore, there is a risk
of water shortages in the future, and this is due to the shrinking of the glaciers in upstream
counties and the increasing withdrawal of water from rivers by growing upstream counties’
economies. The share of hydropower energy in the future decreases towards the end of the
time horizon due to the retirement of the current hydropower plants and the assumption
that a water shortage will occur in the meantime.

3.4. Other Sectors

Other sectors represent the key energy sectors such as industry, transport, and house-
holds (commercial and private types).

GHG emissions from the industry sector are decreasing due to the energy efficiency in
the mid-term horizon, and the widespread electrification of almost all industrial processes,
where possible, in the long-term horizon (Figure 4a). This aligns with the LEDS results [7].
According to obtained results, hydrogen in processes is increasingly used in addition to
electrification. Hydrogen-based steel production technology exists, wherein iron ore is
converted to sponge iron using hydrogen. This sponge iron is melted in an electric arc
furnace (EAF) to produce steel. By 2060, the cement industry and non-ferrous metallurgy
are anticipated to have virtually zero greenhouse gas emissions.
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Figure 4. Scenarios (Blue line—RF, Orange line—CN) for the development of greenhouse gas
emissions in (a) industry, (b) transport, (¢) commercial, and (d) private sectors; MtCO2eq.

GHG emissions from the transport sector in the reference scenario are on the rise
(Figure 4b), driven by economic growth and demand for freight and passenger trans-
portation. In the carbon neutrality scenario, GHG emissions are reduced to zero through
the electrification of transport, as well as through the use of hydrogen in aviation, rail,
and water transport, where the use of electricity is not possible from the current state of
knowledge.

The GHG emissions from the commercial sector are declining due to increased energy
efficiency in technology and electrification (Figure 4c). This allows GHG emissions to be
stabilized at the same level in the reference scenario and reduced in the carbon-neutral
scenario. Moreover, in the last scenario, there is a slight increase in GHG emissions in the
period 2030-2035 due to the increased use of natural gas for the hot water supply. After
2035, hot water will switch to technology using solar energy to heat water.

Regarding the private sector in the reference scenario, GHG emissions increase by
2060, but there is a period of decrease in GHG emissions from 2025-2040 before a period of
further increase from 2040 to 2060 (Figure 4d). Here, the impact of switching from coal to
natural gas during the period of reducing GHG emissions is evident. Further growth in
emissions is associated with an increase in demand for energy from the population, which
is accompanied by both an expansion of gasification until the end of the period, and an
increase in the use of coal. In the case of a carbon neutrality scenario, the reduction in GHG
emissions is accompanied by gasification in the medium term and an increasing role of
solar and geothermal (heat pump) energy for decarbonization purposes.

The research results will play a crucial role in achieving sustainable outcomes at
national and local levels by providing a comprehensive understanding of the current and
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projected greenhouse gas (GHG) emissions and the effectiveness of various reduction
strategies. This information is valuable for policymakers and stakeholders as it can guide
the development and implementation of targeted policies and regulations that promote a
low-carbon, sustainable economy.

Moreover, the findings can support decision-making by helping governments set
realistic and achievable targets for their sustainability and climate action plans, based
on the identified key milestones and benchmarks for emissions reduction. The research
also encourages innovation by highlighting promising areas for development and invest-
ment in low-carbon technologies and sustainable practices, and fosters collaboration by
emphasizing the need for cross-sectoral cooperation and coordination.

By presenting a clear picture of GHG emissions and the potential for change, the
research can contribute to raising public awareness and understanding of the importance
of sustainable practices and climate action urgency. Furthermore, the data and projections
serve as a baseline for the ongoing monitoring and evaluation of the implemented policies
and strategies, allowing for adjustments and improvements as needed to ensure sustainable
results.

4. Conclusions

The article considered two contrasting scenarios of actions taken in the energy sector
until 2060: a reference scenario and a carbon neutrality scenario. The TIMES energy system
model was employed to estimate the GHG emissions. This model was developed as a
component of the project to devise the Low-Carbon Development Strategy (LEDS) of the
Republic of Kazakhstan until 2060, focusing primarily on the energy sector.

According to the results, GHG emissions in the reference scenario increased over the
entire forecast period. By 2030, the CN scenario achieves a 20% reduction in energy GHG
emissions compared to 1990 levels, intensifying to 40%, 54%, and 99% reductions in 2040,
2050, and 2060, respectively. By 2060, the energy sector’s GHG emissions level stands at
1.4 million tons of CO2-eq, primarily attributed to the cement industry, non-energy uses of
natural gas, and hydrogen production.

The CN scenario necessitates a profound transformation in the energy sector, altering
both the volume and structure of the primary energy supply and final energy demand over
time. It demands an additional $544 billion investment in the energy sector, however, when
compared to the $610 billion required for decarbonization investments in Kazakhstan’s
Low-carbon Economic Development Strategy (LEDS), our proposed path is more cost-
efficient. The most significant reduction in emissions in the energy sector is achieved
by changing the energy mix and shifting towards more sustainable sources of energy,
i.e., transitioning to the use of electricity and heat instead of direct combustion of fossil
fuels, as well as the increased use of natural gas, nuclear, and renewable energy.

According to the precepts of the strategy, the low-carbon policy will be accompanied by
steps to ensure a favorable investment climate, including creating a supportive legislative
and institutional environment, and supporting the creation and development of necessary
financial and physical infrastructure for a “green” economy. Particular attention will
be paid to work that continuously attracts and supports private investment, including
international investment, in the decarbonization process.

The actions, implemented by the guidance of the strategy are focused on decarbonizing
industries and processes related to fossil fuels, decarbonizing non-fossil fuel industries and
processes, increasing natural sources of emission absorption and introducing industrial so-
lutions for capturing, using long-term storage, and carbon sequestration. The achievement
of carbon neutrality will have a significant impact on Kazakhstan’s economy, including
sustainable economic growth, increasing investment attractiveness, high levels of tech-
nological development and competitiveness, formation of new high-performance jobs,
while maintaining a high level of employment, growth in non-commodity exports, and
improving the quality of the environment and the ecological well-being of the population.
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LEDS Low-Emission Development Strategy
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