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INTRODUCTION

The global population is steadily increasing, 
generating diverse demands that have significant-
ly transformed land use patterns in residential 
areas. While certain changes – when implement-
ed through strategic planning – have contributed 
positively to community development, others 

have had detrimental effects on the environment 
and, consequently, on human well-being. Poorly 
managed land use transitions, such as converting 
forested areas into rangelands, damming rivers, 
draining downstream lakes, or transforming fer-
tile agricultural land into urban zones, illustrate 
these negative impacts. Such practices can in-
crease the frequency and severity of local and 
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ABSTRACT
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a cost-effective and scalable pathway for strengthening climate resilience in Kazakhstan and other regions with 
similar climatic conditions.
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regional natural disasters, including floods, de-
sertification, dust storms, elevated aerosol con-
centrations, and global warming. (Widera, 2021).

Climate change is one of the most critical 
global challenges of the twenty-first century, with 
profound implications for resource management, 
architecture, urban planning, and human health. 
Extreme weather events – ranging from heat waves 
and droughts to floods and storms – are becoming 
increasingly frequent and intense, necessitating a 
dual approach that integrates both adaptation and 
mitigation strategies. Adaptation involves modify-
ing systems and structures to withstand climate-
related stresses, while mitigation focuses on re-
ducing greenhouse gas (GHG) emissions through 
renewable energy deployment, improved energy 
efficiency, and sustainable transportation.

Recent studies underscore the importance of 
integrated approaches to climate policy and plan-
ning. For instance, in their decomposition analysis 
of CO₂ emissions in Greece, Tsepi et al. (2024) 
emphasize the pivotal roles of energy structure 
and technological innovation in emission reduc-
tion strategies. Similarly, Martín-Ortega et al. 
(2024) highlight the importance of transparency 
and monitoring through the MITICA integrated 
GHG mitigation framework, which could serve as 
a model for enhancing climate policy accountabil-
ity in countries such as Kazakhstan. Nydrioti et 
al. (2024) provide practical guidance on managing 
urban water resources in diverse climatic contexts 
– a topic particularly relevant to Kazakhstan’s 
semi-arid regions. Taken together, these studies 
underscore the value of integrating modeling ap-
proaches, empirical evidence, and systemic plan-
ning to develop effective climate solutions.

For people around the world, energy is a fun-
damental part of daily life, with one of the prima-
ry drivers of consumption being the need to main-
tain comfort in homes and communities. Residen-
tial energy use is strongly influenced by both local 
and regional climates, which are, in turn, shaped 
by geographic complexity. For instance, commu-
nities located near glacial mountains, arid deserts, 
or large bodies of water exhibit markedly differ-
ent patterns of energy use. Consequently, land use 
changes and urbanization can significantly affect 
both energy demand and quality of life in such 
areas (Vakharia and Joshi, 2024).

The primary objective of this project is to 
investigate the impact of forest cover on urban 
climate patterns and, consequently, on building 
energy requirements. Following the ASHRAE 

Standard 55 guidelines, the thermal comfort ap-
proach is applied by incorporating climatic con-
ditions into a psychrometric chart. This method 
identifies both active and passive strategies for 
achieving indoor thermal comfort and offers a 
practical framework for assessing the environ-
mental effects of the presence or absence of forest 
vegetation. The findings of this study are evalu-
ated against ASHRAE Standard 55 and its adap-
tive comfort model.

Recent research suggests that bioclimatic de-
sign principles – while traditionally focused on 
passive strategies and environmental harmony – 
should be embedded within broader climate miti-
gation frameworks. Martín-Ortega et al. (2024) 
demonstrate how transparent governance struc-
tures can facilitate the implementation of GHG 
mitigation measures, whereas Tsepi et al. (2024) 
show that achieving emission reductions requires 
both technological innovation and systemic en-
ergy planning. Nydrioti et al. (2024) highlight the 
role of climate-resilient infrastructure in strength-
ening local capacities to cope with climate uncer-
tainty, particularly in water-stressed, semi-arid 
regions. Integrating these interdisciplinary per-
spectives into bioclimatic design ensures that ar-
chitecture actively contributes to national climate 
objectives rather than merely responding to them.

Urban green spaces – particularly marginal 
urban forests – offer numerous social, economic, 
and ecological benefits. These include strength-
ening social cohesion, fostering environments 
conducive to children’s development, support-
ing mental health, and enhancing overall living 
standards and community resilience. In addition 
to increasing cities’ capacity to adapt to climate 
change and associated risks such as flooding, 
green infrastructure can substantially reduce en-
ergy consumption for heating and cooling. Veg-
etation helps lower ambient temperatures through 
evapotranspiration, with unshaded surfaces often 
being 11–25 °C hotter than shaded areas (Ozari-
soy and Altan, 2021). When evapotranspiration 
and shading are combined, peak summer temper-
atures can be reduced by 1–5 °C.

Among the most effective mitigation strate-
gies is the strategic planting of trees and vegeta-
tion around buildings and in public spaces such as 
parking lots and streets. Urban forests and green 
areas are key to reducing the urban heat island 
effect. However, challenges arise during pro-
longed dry periods, when many plants, including 
lawns, dry out and their cooling capacity through 
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evapotranspiration declines. This issue is further 
exacerbated by climate change, which is expected 
to bring more consecutive dry days and extended 
heatwaves during the summer months (Ozarisoy 
and Altan, 2021).

By adapting bioclimatic architecture prin-
ciples to Kazakhstan’s unique climatic and so-
cioeconomic conditions, this study provides 
novel insights. Its distinctive contribution lies in 
the methodological integration of contemporary 
climate-adaptive strategies – grounded in macro-
economic modeling – with elements of tradition-
al vernacular design. Unlike previous research, 
which has predominantly focused on tropical or 
temperate regions, this study examines cold des-
ert steppe environments, a context largely absent 
from the existing bioclimatic literature. More-
over, the findings have potential applicability 
beyond Kazakhstan, particularly in other coun-
tries with continental climates and comparable 
urbanization challenges, providing a replicable 
foundation for integrating climate policy, green 
infrastructure, and passive systems into architec-
tural practice. The COVID-19 pandemic has also 
had a significant influence on global perspectives 
regarding climate vulnerability and the resilience 
of the built environment. During the temporary 
slowdown in human activity caused by quarantine 
measures, measurable environmental improve-
ments – such as reductions in carbon emissions 
and air pollution – were recorded. Progiou et al. 
(2022) demonstrated the direct influence of hu-
man behavior on urban air quality by document-
ing decreased pollutant concentrations in Athens 
under COVID-19 restrictions. These findings un-
derscore the importance of resilient urban plan-
ning and low-emission building practices.

Moreover, the pandemic prompted a reevalu-
ation of energy use and environmental impact in 
academic and professional sectors. Papadogianna-
ki et al. (2023) showed that the carbon footprint of 
research projects was significantly reduced due to 
remote operations, raising questions about long-
term architectural planning in a post-pandemic 
world. This context highlights the growing im-
portance of passive, decentralized, and resilient 
bioclimatic designs that can maintain comfort and 
sustainability even under crisis conditions.

Despite growing interest in climate-adaptive 
architecture, there remains a lack of research fo-
cused on bioclimatic design strategies tailored 
to continental, semi-arid regions such as Ka-
zakhstan. Much of the existing literature centers 

on tropical or temperate zones, with limited ap-
plicability to the Central Asian context. Further-
more, current studies rarely integrate climate pol-
icy, macroeconomic modelling, and architectural 
practice into a unified framework.

This study addresses this gap by analyzing 
Kazakhstan’s climatic, institutional, and energy 
contexts to propose design principles that are 
both environmentally responsive and economi-
cally grounded. The novelty lies in the applica-
tion of a systemic, region-specific bioclimatic ap-
proach that incorporates vernacular architecture, 
policy analysis, and macroeconomic modelling 
to enhance climate resilience at the building and 
national levels.

METHODS

This study employs a qualitative-descriptive 
and analytical research design, combining lit-
erature review, climatic data analysis, and policy 
review to assess the applicability of bioclimatic 
architectural principles in the context of Kazakh-
stan’s climate resilience strategy.
The primary sources include:
	• Meteorological data from Kazhydromet and 

regional weather stations (for temperature, hu-
midity, solar radiation, wind patterns);

	• Official policy documents from Kazakhstan’s 
Ministry of Ecology, Geology and Natural Re-
sources, and Ministry of National Economy;

	• Academic sources including peer-reviewed 
articles on bioclimatic design, climate adapta-
tion, and energy policy.

	• Analytical techniques include the following 
elements:

	• The ASHRAE Standard 55 and its adaptive 
comfort model were used to evaluate thermal 
comfort zones. Climatic data were plotted on 
psychrometric charts to identify suitable pas-
sive strategies such as natural ventilation, 
thermal mass use, and solar orientation.

	• Climate adaptation frameworks were com-
pared against international benchmarks to as-
sess institutional readiness and integration of 
bioclimatic principles.

	• Based on the data analysis, regionally appro-
priate passive design recommendations were 
formulated. Emphasis was placed on vernacu-
lar adaptation, energy conservation potential, 
and integration into Kazakhstan’s National 
Adaptation Plan.
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Research design

The study followed a approach:
1.	Assessment of Kazakhstan’s climatic risks and 

architectural vulnerability;
2.	Identification and analysis of passive design 

strategies through climate-adaptive methods;

Bioclimatic architecture 

Bioclimatic design prioritizes energy ef-
ficiency and indoor comfort by employing pas-
sive techniques that minimize energy consump-
tion while enhancing interaction with the natural 
environment. It emphasizes adaptation to local 
climate conditions, reducing reliance on active 
energy systems. Prominent proponents of this 
approach include Olgyay, Szokolay, Kristinsson, 
and Yeang.

Bioclimatic architecture is a design method 
that aligns buildings with the needs of their oc-
cupants while optimizing energy use according 
to regional climatic conditions. It ensures that 
the building’s form is appropriate for its func-
tion and environmental context. This approach 
incorporates several passive strategies –such as 
building orientation, spatial organization, façade 
design, the use of vegetation, natural ventilation, 
and thermal mass – to reduce energy consump-
tion and enhance indoor comfort without the need 
for mechanical systems. Modern bioclimatic de-
sign often begins either with climate analysis or 
by drawing on traditional architectural solutions 
adapted to local conditions.

With roots in prehistoric human settlements, 
bioclimatic design is considered the oldest archi-
tectural approach. Although interest in climate-
responsive architecture has fluctuated through-
out history, numerous examples of vernacular 
architecture reflect the longstanding significance 
of climate-conscious building practices (Barea, 
2022). Traditional architecture has evolved to suit 
specific climatic conditions, and modern biocli-
matic buildings should draw upon these vernacu-
lar precedents. Design solutions should be evalu-
ated using scientific and engineering methodolo-
gies to ensure their effectiveness and relevance.

The first step in developing modern climate-
responsive buildings is to identify suitable ex-
amples of vernacular architecture for inspiration. 
The next step involves extracting and concep-
tualizing the bioclimatic principles embedded 
in these structures into distinct passive solar 

architecture (PSA) strategies. However, this ap-
proach assumes a relatively stable climate and 
may be inadequate for addressing dynamic, hu-
man-induced climate change. Given the acceler-
ating pace of global warming, the symptomatic 
application of bioclimatic design principles must 
be critically reassessed.

An analytical bioclimatic design method be-
gins with climate analysis, followed by identify-
ing opportunities and constraints for adaptation. 
It includes evaluating the bioclimatic potential 
to determine comfort periods and suitable design 
strategies. While this method offers a systematic 
framework, its assumption of climatic constancy 
limits its applicability in the face of ongoing envi-
ronmental transformations (Chondrogianni, and 
Stephanedes, 2024).

Framework of climate-resilient 		
in Kazakhstan

A revised Nationally Determined Contribu-
tion (NDC), which emphasizes adaptation in criti-
cal sectors such as agriculture, water, and forestry, 
along with the adoption of a new Environmental 
Code providing a legal foundation for adaptation 
planning, are key elements of Kazakhstan’s cli-
mate resilience framework. This framework aims 
to integrate adaptation measures into existing in-
stitutional structures and steer the national econ-
omy towards a climate-resilient development 
pathway through macroeconomic modelling. The 
overarching objective is to achieve carbon neu-
trality by 2060, as outlined in the country’s Low 
Emissions Development Strategy (LEDS). 

Kazakhstan’s climate-resilient framework

Law and policy consist of:
	• A revised NDC that incorporates adaptation 

commitments across multiple priority areas.
	• The updated Environmental Code, enabling 

structured adaptation planning.
	• The National Carbon Neutrality Strategy, out-

lining pathways to achieve net-zero emissions 
by 2060.

Sectoral priorities includes:
	• Agriculture: Implementation of climate-smart 

practices and adoption of drought-resistant 
crop varieties.

	• Water Management: Modernized irrigation 
systems and improved efficiency in water use.
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	• Forestry: Sustainable forest management and 
reforestation programs.

	• Disaster Risk Management: Preparedness 
strategies and early warning systems.
Implementation and Monitoring

	• Mainstreaming climate change considerations 
into national planning at all administrative 
levels.

	• Establishing a climate reporting system to 
track progress and assess policy effectiveness.

	• Strengthening cooperation with international 
organizations, such as the United Nations De-
velopment Programme, to support adaptation 
efforts.

	• Integrating climate-resilient development into 
economic planning to ensure alignment with 
long-term growth objectives (Poulsen, 2020).

The Ministry of Ecology, Geology and Natu-
ral Resources (MEGNR) was established by the 
Government of Kazakhstan in 2019 to consolidate 
state functions related to waste management, geo-
logical exploration, environmental protection, nat-
ural resource management, and mineral resource 
replacement (Republic of Kazakhstan, 2019). 
Within MEGNR, the Department of Climate Pol-
icy and Green Technologies is responsible for the 
development and implementation of national cli-
mate change policies, including adaptation-related 
activities, and oversees Kazakhstan’s participation 
in the United Nations Framework Convention on 
Climate Change (UNFCCC).

The country’s hydrometeorological service, 
Kazhydromet, serves as the primary provider of 
climate data. It uses global climate model out-
puts to produce long-term climate projections, 
which are incorporated into reports submitted to 
the UNFCCC. However, it remains unclear which 
Kazakh institution is officially responsible for 
conducting systematic climate risk and vulner-
ability assessments.

Kazakhstan has adopted several long-term 
strategic documents that aim to guide the coun-
try’s sustainable development and environmental 
protection efforts. These include the Low-Emis-
sion Development Strategy (LEDS), the Concept 
for Transition to a Green Economy, Strategy Ka-
zakhstan 2050, and the updated Environmental 
Code. While both the LEDS and the Green Econ-
omy Concept acknowledge climate change as a 
critical threat, only the updated Environmental 
Code and the revised LEDS recommend specific 
actions for reducing climate risks.

RESULTS AND DISCUSSION

A catalogue of challenges across multiple 
sectors

In recent years, Kazakhstan has faced a series 
of emergencies directly linked to climate change. 
Official data indicate that in 2022–2023, forest 
fires in the Kostanay and Abay regions destroyed 
more than 100,000 hectares of forest. In 2023, a 
severe shortage of transboundary water resources 
for agricultural needs prompted the declaration 
of a state of emergency in southern Kazakhstan. 
In 2024, devastating floods – affecting almost all 
regions except the south – caused damage esti-
mated at over 300 billion tenge.

Kazakhstan’s climate challenges span mul-
tiple sectors and require a comprehensive, coor-
dinated response. Food security is under serious 
threat from heat waves, droughts, and shifting 
precipitation patterns, all of which have a pro-
found impact on agriculture. Climatic conditions 
largely determine both the productivity and resil-
ience of the agricultural sector. Given the coun-
try’s already stressed water resources, sustain-
able water management – particularly through 
modernized irrigation systems and strengthened 
regional cooperation on shared water resources – 
must be prioritized.

Forests are becoming increasingly vulner-
able to fires and extreme weather events, making 
strengthened forest management critical for pre-
serving biodiversity and reducing carbon emis-
sions. Furthermore, with climate-related disasters 
such as floods and droughts occurring more fre-
quently, Kazakhstan’s sustainable development 
depends on improving early warning systems, en-
hancing disaster preparedness, and implementing 
comprehensive risk reduction strategies (Groß-
mann et al., 2023).

National adaptation plans – a key role in 
countering climate change

According to 2024 emergency data, three 
key factors will help Kazakhstan navigate these 
challenges: cooperation with civil society and lo-
cal authorities, coordinated action at all levels of 
government, and a clear understanding of nation-
al needs. In line with its commitments under the 
Paris Agreement, Kazakhstan included climate 
change adaptation measures in its 2023 Nation-
ally Determined Contributions (NDCs). These 
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measures focus on four priority sectors: water re-
sources, agriculture, forestry, and civil protection/
disaster risk reduction.

Advancing adaptation projects will require the 
integration of digital technologies to improve early 
warning systems, monitor environmental changes, 
and support data-driven decision-making. The 
next step is the development of a National Adapta-
tion Plan (NAP), which will define strategies and 
actions to address climate change impacts in the 
identified sectors, clearly delineate institutional 
roles and responsibilities at all levels of govern-
ment, and ensure effective coordination between 
national and local institutions (Webber, 2017).

Building strong partnerships, mobilizing 
funding, engaging the private sector

The success of the NAP depends on effec-
tive collaboration among all stakeholders. Civil 
society organizations will play a critical role in 
advancing grassroots initiatives and ensuring 
transparency. International partners – such as the 
Green Climate Fund (GCF) and other multilateral 
organizations – will provide the technical exper-
tise and financial resources necessary for imple-
mentation. National institutions will coordinate 
priorities and maintain communication with key 
stakeholders throughout the adaptation process.

Given the scale of the challenge, public fund-
ing alone will be insufficient to meet Kazakhstan’s 
adaptation needs. Private sector engagement is 
essential for mobilizing additional resources and 
fostering innovation. Further priorities include ex-
panding access to national and international financ-
ing mechanisms – such as the Global Environment 
Facility and the GCF – strengthening partnerships 
with regional and global financial institutions, and 
establishing dedicated financial channels to sup-
port investment in climate-resilient projects.

The Government of Kazakhstan actively pro-
motes collaborative and efficient water manage-
ment, particularly in light of escalating climate 
risks. A recent example is the Water Partner-
ship Initiative, launched by the Ministry of Wa-
ter Resources and Irrigation in cooperation with 
the United Nations Development Programme 
(UNDP). This initiative establishes a framework 
for donor engagement and fosters cooperation 
between the public and private sectors. Its over-
arching goal is to enhance climate resilience and 
promote sustainable water management through 

regional collaboration and institutional capacity-
building (Sabirova, 2022)[13].

Flooding in Kazakhstan can also result from 
dam failures caused by high water levels and 
poor structural conditions. Notable examples in-
clude the Kyzyl-Agash dam failure in 2010, the 
Jumabek dam failure in 2011, and the Kokpekty 
dam failure in 2014. Due to the large number of 
transboundary rivers, dam failures in neighbor-
ing countries can also have significant impacts on 
Kazakhstan; the 2020 Sardoba dam collapse in 
Uzbekistan is one such case.

In 2015, the number of hydrometeorologi-
cal emergencies – such as floods, mudslides, and 
heavy precipitation – was approximately double 
the long-term average. Around 22% of moraine 
lake outbursts and 75% of extreme rainfall events 
frequently trigger mudflows. In Almaty, the most 
recent mudflow occurred in 2015; in 2019, the 
city was spared damage thanks to the protective 
capacity of its dam.

Kazakhstan is also vulnerable to other climate 
change-related extreme weather events (EWEs), 
including heat waves, storms, and droughts. As 
shown in Table 1, storms, blizzards, and heavy 
rain were the most frequent EWEs between 1990 
and 2015. Between 1967 and 2015, most EWEs 
occurred in the southern, southeastern, and north-
ern regions of the country (Figure 1). Lowland 
rivers in western, northern, and central Kazakh-
stan, along with the mountainous areas of the 
south and southeast, experienced more frequent 
flooding than the more drought-prone western 
and southern regions.

Mudflows threaten approximately 13% of 
Kazakhstan’s territory, particularly in the south-
east, where Almaty is located and more than 26% 
of the national population resides. Over the past 
150 years, nearly 800 mudflows have been re-
corded (Akhanova, 2020). In the regional abbre-
viations used, WK refers to West Kazakhstan, NK 
to North Kazakhstan, SK to South Kazakhstan, 
and EK to East Kazakhstan

Integration of renewable energy sources 
in reduction for energy consumption 	
of buildings

Integrating renewable energy sources – such 
as solar, wind, and geothermal – into buildings 
can significantly reduce energy consumption by 
generating electricity and heat directly on-site. 
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This approach decreases reliance on tradition-
al fossil fuel-based power grids, supporting 
more sustainable and environmentally respon-
sible building operations. Practical methods 
include installing rooftop solar panels, deploy-
ing small-scale wind turbines, and implement-
ing geothermal heat pumps. These systems can 
be further optimized by designing buildings to 
maximize the utilization of renewable energy 
sources and by applying energy-efficient con-
struction methods.

Renewable energy in buildings: Key aspects 
of energy conservation

Major sources of renewable energy
The main renewable energy sources used in 

buildings are solar, wind, and geothermal energy. 
Solar energy is the most widely adopted option 
in the building sector. Photovoltaic (PV) panels 
convert solar radiation into electricity, whereas 
solar thermal collectors use solar energy to pro-
duce hot water and support space heating. Wind 

turbines can also generate electricity for build-
ings, although their efficiency depends largely on 
the availability of sufficiently high and consistent 
wind speeds. Geothermal systems use the rela-
tively stable temperature below the ground sur-
face to provide energy-efficient heating and cool-
ing through heat pumps.

Benefits of renewable energy integration
Integrating renewable energy systems into 

buildings provides economic, environmental, and 
energy-security benefits. On-site electricity gen-
eration reduces reliance on the power grid and 
can lower overall energy costs. Replacing fossil-
fuel-based energy with renewable sources also re-
duces greenhouse gas emissions and the environ-
mental impact of buildings. Furthermore, locally 
generated renewable energy improves energy se-
curity by decreasing vulnerability to energy price 
fluctuations and potential supply disruptions.

Renewable energy integration strategies
Renewable energy technologies can be in-

tegrated into buildings through several comple-
mentary strategies. Appropriate building orien-
tation and architectural design can maximize 
solar gain, support passive heating, and improve 
natural lighting. Building-integrated photovoltaic 
(BIPV) systems can be incorporated into roofs, 
façades, and other components of the building en-
velope, thereby serving both functional and aes-
thetic purposes. Smart-grid integration enables 
more efficient monitoring and management of 
energy generation and consumption. In addition, 
battery storage systems can store surplus renew-
able energy and supply it during periods of peak 
demand or insufficient energy generation.

The Republic of Kazakhstan has begun its 
transition from fossil fuels to low-carbon energy 
sources. Coal remains the dominant energy re-
source, accounting for 64.7% of total electricity 
generation and 74.0% of thermal power output in 
2019. The government is actively working to di-
versify the national energy mix. According to the 
National Green Growth Plan, by 2030 the mix is 
projected to include 10.0% hydroelectricity, 8.0% 
nuclear power, 21.0% natural gas, 49.0% coal, 
and a substantial share of renewables. However, 
projections for 2028 suggest that coal will still 
generate approximately 64.9% of total electricity 
and 74.0% of thermal energy, indicating a slower 
decline than initially targeted.

Figure 1. Real GDP growth rate (% p.a.) 1996–2019

Table 1. Average annual number of EWEs 		
in Kazakhstan

EWE
Number of EWEs

1990–2002 2003–2015

Heavy rain 20.1 49.3

Strong blizzard 42.4 23.5

Heavy snow 9.1 24.9

Strong wind 38 45.8

Hail 2.5 3.2

Strong dust storm 2.7 0.8

Strong fog 18.6 6.8
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By 2050, the government aims for non-ther-
mal sources to supply at least half of Kazakhstan’s 
energy needs. This strategy includes launching a 
national nuclear energy development program 
and significantly expanding non-hydro renew-
able energy capacity. While investor skepticism 
regarding the business environment may hinder 
progress, Kazakhstan continues to seek foreign 
investment to attract the capital and expertise 
necessary to meet these goals. According to Ka-
zakhstan’s First President, Nursultan Nazarbayev, 
the country targets a 50% renewable share in its 
energy mix by 2050, with interim goals of 3% by 
2020 and 10% by 2030.

Expanding wind, solar, and biomass power 
generation could significantly increase the share 
of renewables in Kazakhstan’s energy mix, im-
proving both geographic distribution and me-
teorological suitability. According to a study by 
Samruk-Energy, five renewable energy projects 
were introduced to Kazakhstan’s coal and elec-
tricity markets for the first time in January 2019:
	• A 1.3 MW biogas plant operated by the Kurma 

agrofirm in the Karaganda region.
	• Two wind farms (Kerbulak-1 and Kerbulak-2) 

with capacities of 4.5 MW each in the Almaty 
region.

	• The Wind Energy Technologies wind farm 
with a capacity of 52.8 MW in the Mangistau 
region.

	• The Gulshat solar power plant, operated by 
KPM Delta, with a capacity of 40 MW in the 
Karaganda region (Faragalla, 2022).

In January 2019, Kazakhstan’s power plants 
generated 9,944.4 million kWh of electricity. 
Compared to January 2018, electricity production 
in the Turkestan region rose by more than 20%, 
while output in the Almaty, Zhambyl, Kostanay, 
and Pavlodar regions fell by over 5%.

To accelerate RES deployment, the Gov-
ernment of Kazakhstan collaborates with sev-
eral financial institutions, most notably the Eu-
ropean Bank for Reconstruction and Develop-
ment (EBRD). The Eurasian Development Bank 
(EDB) has committed over USD 600 million to 
the renewable energy sector. Under the National 
Green Energy Development Plan, 30% of house-
hold energy consumption should come from re-
newable sources by 2030, rising to 50% by 2050. 
Solar, wind, biomass, and geothermal energy 
are expected to account for approximately 80% 
of this total. In February 2014, the government 

announced its goal of achieving 1,040 MW of in-
stalled renewable capacity by 2020. While ther-
mal power will likely remain the dominant source 
of electricity in the near term, the government’s 
commitment to renewables ensures they will con-
tinue to play a growing, albeit modest, role in the 
national energy mix (Cantatore, 2021).

Hydro power

To accelerate the deployment of renewable 
energy sources (RES), the Government of Ka-
zakhstan has partnered with several financial in-
stitutions, most notably the European Bank for 
Reconstruction and Development (EBRD). The 
Eurasian Development Bank (EDB) has pledged 
more than USD 600 million to support Kazakh-
stan’s renewable energy sector. According to 
the National Green Energy Development Plan, 
renewable sources are projected to supply 30% 
of household energy by 2030 and 50% by 2050, 
with solar, wind, biomass, and geothermal en-
ergy together accounting for approximately 80% 
of this total. In February 2014, the government 
announced its target of installing 1,040 MW of 
renewable energy capacity by 2020. Although 
thermal power is expected to remain the domi-
nant source of electricity generation in the fore-
seeable future, the government’s commitment to 
renewables ensures that they will play an increas-
ingly important, albeit relatively modest, role in 
the national energy mix.

WIND POWER

Several regions of Kazakhstan possess favor-
able wind conditions for the installation of wind 
turbines, as confirmed by specialized studies 
conducted within the framework of a joint proj-
ect between the United Nations Development 
Programme (UNDP) and the Ministry of Energy 
and Mineral Resources of the Republic of Ka-
zakhstan. Based on meteorological data, the At-
las of Winds of Kazakhstan was developed, pro-
viding a detailed map of wind speed distribution 
across the country.

With UNDP support, the Ministry of Energy 
and Mineral Resources prepared a National Wind 
Energy Development Plan through 2015, with 
projected targets extending to 2030. The plan en-
visaged the construction of wind farms with a total 
capacity of 250–300 MW by 2015 and 2.000 MW 
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by 2030. These facilities were expected to gener-
ate up to 1 billion kWh of electricity annually by 
2015 and up to 5 billion kWh annually by 2030.

Kazakhstan’s wind energy potential is consid-
erable. In certain locations, average wind speeds 
at a height of 15 meters range from 27 to 36 m/s, 
while at least eleven sites have average speeds 
of 8–10 m/s – indicative of strong suitability for 
power generation. The highest wind resources are 
concentrated in the Dzungarian Gate, where an-
nual wind energy potential reaches approximately 
17,000 kWh/m². Other promising locations include 
Kordai (Zhambyl Region), Fort-Shevchenko (Cas-
pian Sea coast), and Erementau (Akmola Region).

Solar power

Kazakhstan has the potential to produce an es-
timated 2.5 billion kWh of solar energy annually, 
equivalent to approximately 10 km² of solar cells 
operating at an overall efficiency of 16%. Modern 
photovoltaic panels typically achieve efficiencies 
of 15–25%. Around two-thirds of the country’s 
territory is suitable for large-scale solar energy 
deployment. In the southern regions, annual solar 
radiation amounts to 2.800–3.000 hours, corre-
sponding to 1.280–1.870 kWh/m² per year.

Certain areas – particularly South Kazakhstan, 
Kyzylorda, and the Aral regions – are especially 
favorable for solar power generation in June, 
when daily solar energy on a horizontal surface 
ranges from 6.4 to 7.5 kWh/m². In line with the 
Republic of Kazakhstan’s Strategic Development 
Plan and its “green economy” transition concept, 
approximately 28 solar power plants were planned 
to be operational by the end of 2020.

Biomass

Over ten million hectares, or 4% of Kazakh-
stan’s entire land area, are covered by forests, with 
4700 thousand hectares of that area being saxaul. 
In 1990, the nation’s annual logging volume was 
approximately 3 million m3. Almost 1.3 million 
m3 or 1 million tonnes of wood waste are pro-
duced by logging and woodworking businesses, 
in addition to wood used for firewood. As a result, 
the potential energy from wood waste exceeds 200 
thousand tonnes. It’s also critical to remember that 
using biological fuel has its limitations. The pro-
cessing of agricultural waste can yield up to 44 
million mega calories of thermal energy and 35 
billion kWh of electricity every year (Tsepi, 2024).

Renewable energy resources of Kazakhstan

Kazakhstan is working to reduce the green-
house effect, having first ratified Kyoto Protocol 
and then Paris Agreement. This is particularly 
true now that Astana, country’s capital, is holding 
EXPO 2017 „Future Energy.” Numerous new ini-
tiatives focused on using green energy and reduc-
ing amount of energy generated from fossil fuels 
have been created in preparation for this event. 
Kazakhstan has a lot of potential for producing 
renewable energy.

Kazakhstan has enormous potential for re-
newable energy because of its vast territory. The 
majority of renewable energy sources – wind, 
sun, hydro, biomass – may be accessible. Regret-
fully, none of these sources have been extensively 
developed up to this point. In Kazakhstan, hydro-
power facilities are the only ones that generate 
enough energy. In 2012, that accounted for around 
12% of total energy generated. Use of renewable 
energy resources is shown in Table 2. 

In 2030, district heat consumption is reduced 
by 38% more in fuel-switching + EE scenario due 
to energy efficiency measures than in fuel-switch-
ing scenario, indicating a decrease in supply-side 
emissions. The fuel-switching scenario is project-
ed to use 135 502 TJ of district heating in 2030, 
whereas fuel-switching + EE scenario is project-
ed to use 83 679 TJ. Large plants with capacity 
greater than 100 gigacalories per hour (Gcal/h), 
primarily cogeneration units and HOBs, currently 
provide the majority of district heating (74%). 
All HOBs in Kazakhstan utilise coal, while a few 
in western and southern cities use gas (UNDP, 
2007). Accordingly, coal accounted for 65% of 
district heating in 2014, with natural gas account-
ing for 32% and oil for 3% (Kerimray, Kolyagin, 
and Suleimenov, 2018). Regretfully, there are no 
more recent data on heat generation by fuel. Fur-
thermore, future investigations must investigate 
scenarios for supply-side emissions reductions, 
as supply side of power and heat generation is 
outside purview of this study. Under the BaU and 
fuel-switching scenarios, electricity consumption 
increases by 21%, from 2 451 TJ in 2017 to 2 977 
TJ in 2030. However, it drops to 2 224 TJ with 
energy efficiency measures in fuel-switching + 
EE scenario, a 10% decrease from 2017. In fuel-
switching + EE + heat pumps scenario, the usage 
of heat pumps raises electricity consumption to 
12 841 TJ in 2030, which is five times the current 
level. This suggests that power plants will need to 
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generate more electricity. According to the 2013 
Decree of President of Republic of Kazakhstan, 
pollution from coal-fired power plants in Kazakh-
stan is significantly worse than that from those in 
Europe, with PM levels being 900% higher, NOx 
levels being 20% higher, and SOx levels being 
150% higher. However, the installation of emis-
sions control systems could make coal burning at 
power plants more efficient as well as less emis-
sions-intensive. Furthermore, increasing amount 
of electricity generated from renewable sources 
would assist fulfil future demand without adding 
to emissions or pollution (Martín-Ortega, 2024).

State support for the renewable 		
energy generation

Gaining independence, Kazakhstan has taken 
a highly active role in establishing a sustainable 
environment. The nation is a party to the UN-
FCCC, or United Nations Framework Conven-
tion on Climate Change. Kazakhstan has com-
mitted to reducing greenhouse gas emissions by 
signing Paris Agreement on Climate Change and 
ratifying Kyoto Protocol to UNFCCC in 2009. 
One of the most effective ways to lessen the 
negative environmental effects of energy sec-
tor operations is to develop renewable energy 
sources. The Program for Accelerated Industrial 
and Innovative Development includes all of the 
efforts involved in developing renewable energy 
sources. The right laws were created to encour-
age the use of renewable energy sources. One of 
the top priorities for creating sectors of economy 
of future was development of renewable energy. 
Law of RK on Support to usage of Renewable 
Energy Sources, which was adopted in 2009 and 
revised in 2013, governs the usage of RES. This 
Law of RK on encourage to Use of RES lays out 
the fundamentals of governmental regulation of 
RES use and offers financial instruments to en-
courage the development of RES. 

According to Article 9 of the Law on Support 
to Use of RES, the regional power grid business-
es are in charge of connecting RES capacity to 
grids and buying all electricity produced by RES 
by their local generating companies. These RES 
generation businesses are also not required to pay 
for power transmission services. Incentives for 
these generating firms are also provided by the 
government, such as feed-in tariffs and the abil-
ity to link new facilities to the current electricity 
networks. 31 RES projects totalling 1040 MW in 
capacity must be completed between 2013 and 
2020, according to the Government of Kazakh-
stan Regulation on Planning of Renewable En-
ergy Development in Kazakhstan. These projects 
include 13 wind power plants with a capacity of 
793 MW, 14 hydro power plans with a capacity 
of 170 MW, four solar power plants with a capac-
ity of 77 MW. As part of its overall transition to 
a green economy, Kazakh government hopes that 
by 2030, 10% of domestic electricity output will 
come from renewable sources, and by 2050, 50%. 
In order to make renewable energy generation 
more appealing, government has promised to buy 
all of the energy produced by RES using higher 
pricing with yearly revisions. 

CONCLUSIONS

This study underscores the role of bioclimatic 
architectural design as a strategic response to the 
climate challenges facing Kazakhstan. By inte-
grating climate analysis, vernacular architectural 
elements, and passive design strategies, it propos-
es a context-specific framework aimed at improv-
ing the energy efficiency, resilience, and thermal 
comfort of buildings in cold semi-arid conditions.

A key contribution of the research is its dem-
onstration of how bioclimatic principles can serve 
both climate change mitigation – by reducing en-
ergy consumption and associated emissions – and 

Table 2. Renewable energy potential and use in Kazakhstan

Capacity

Energy resources

Hydro power plants
Solar Wind Bioenergy Geothermal

Large HPP Small HPP
Technical 
Potential for 
installation

105 billion kWh 65 billion kWh 3.9–5.4 billion kWh 1820 billion kWh 3.5 billion kWh 0.02 billion kWh 
free flow

Available in 
operation 8.5 billion kWh 0.54 billion kWh 0.3 billion kWh 0.3 billion kWh 3 million kWh Heating of houses
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climate adaptation, by enhancing resilience to 
heat waves, droughts, and other climate-related 
hazards. The methodological integration of psy-
chrometric analysis with the broader policy con-
text offers a richer understanding of how building 
design can align with national climate objectives.

The findings provide practical guidance for 
architects, urban planners, and policymakers, 
suggesting that climate-smart design principles 
should be incorporated into Kazakhstan’s build-
ing codes and national adaptation plans. More-
over, the proposed strategies are applicable to 
other countries with comparable climatic and ur-
ban conditions, particularly in Central Asia, East-
ern Europe, and other arid continental regions.

While the study lays a solid conceptual 
foundation, further empirical research is nec-
essary to evaluate the real-world performance 
of bioclimatic buildings in Kazakhstan. Future 
investigations should prioritize post-occupancy 
evaluations, cost–benefit analyses, and digital 
simulation modeling to validate and refine the 
proposed approaches.

Overall, this research contributes to the aca-
demic discourse on sustainable architecture while 
bridging theory and practice, offering actionable 
solutions to advance climate-resilient development.
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