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Abstract: Building construction in rural Kyrgyzstan is heavily dominated by earthen buildings.
Old and inappropriate residential building structures contribute significantly to high domestic
space heating energy consumption. Therefore, it is necessary to understand the relevant building
construction techniques. However, the scant information on Kyrgyz building techniques, especially
for high-altitude rural settlements, was the prime motivation to perform the presented study. The
key objective of the study is to investigate residential building construction techniques in high-
altitude rural Kyrgyzstan, and this was to be achieved by house visits during field trips, literature
review, and pilot interviews with local people. The analysis enabled the detailed identification of
individual building envelopes as well as predominant building materials to be recorded. Based on the
assessment, a housing profile was created that represents the typical characteristics of traditional rural
Kyrgyz houses. Furthermore, the study demonstrates the potential for energy savings in rural Kyrgyz
houses of 50–70%. However, local conditions prevent people from making improvements to all
domestic energy efficiency parameters simultaneously. Therefore, the study developed a ‘sequential
roadmap’ to reduce domestic space heating demand in different phases based on simulation studies.
Existing low-income rural Kyrgyz habitations can use the presented roadmap to reduce domestic
space heating demand sequentially to overcome financial barriers and, therefore, contribute to
establishing sustainable buildings in Kyrgyzstan. These results may be partially replicated in other
Central Asian rural communities depending on their location and building characteristics.

Keywords: Central Asia; earthen high-altitude houses; building construction; vernacular buildings;
energy efficiency; cold climate

1. Introduction
1.1. Setting the Scene

The dissolution of the Soviet Union in 1991 reformed the five independent countries
of Kazakhstan, Uzbekistan, Turkmenistan, Tajikistan, and Kyrgyzstan. Central Asia is a
landlocked region with a total land area of 4 million km2 and a population of 70 million [1].
The geographically landlocked location is disadvantageous for the economic growth of
Central Asia because of the limited transportation opportunities to interact with major
world economic centres (i.e., Europe, Southeast Asia). This can be considered one of the key
barriers to the expansion of economic activity. Because of the limited earning opportunities,
almost half of the Central Asian population resides in rural areas where they rely directly
on forestry, agricultural activities, and animal husbandry [2–4].

However, the energy-rich countries (Kazakhstan, Uzbekistan, Turkmenistan) enjoy
an influx of capital through their energy and industrial sectors because of the enormous
resources of natural gas, oil, and coal. Hence, they have a chance to invest in modern
infrastructure and better housing, especially in the capital cities and urban areas. The
rural areas of these countries are still under development [5]. The withdrawal of Soviet
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support became critical, especially for the high-altitude mountainous counties (Kyrgyzstan
and Tajikistan). Their urban and populated regions focused on development through the
expansion of economic activities after 1991. However high-altitude rural communities are
at an economic disadvantage because of their isolated location and lack of job opportunities.
Hence, Tajikistan, and Kyrgyzstan are considered low-income countries in the Central
Asian context [5].

Between 60 to 80% of domestic buildings in Central Asia (mostly situated in rural
areas) were constructed with earthen materials such as adobe, mud, clay, and soil during
the Soviet era [6,7]. Between 1950 and 1960, energy costs were low and residential buildings
were constructed with very little consideration for energy efficiency [8].

Since independence in 1991, residential construction has continued to follow the old
approach from the Soviet era, with most rural homes continuing to be built with earthen
materials. Since half of the rural Central Asian population lives in such buildings, they
contribute significantly to the high residential energy demand [9–15]. Figure 1 shows the
total final energy consumption by sector in Central Asian countries. It can be observed
that residential buildings have substantially contributed to the total energy consumption
framework, especially in Kyrgyzstan [16].
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Figure 1. Total final energy consumption by sectors in Central Asia in 2018 (data according to [16]).

Because of their geographical location, most of the central Asian countries experience a
cold climate with a heating period duration of between six and nine months. In this context,
the age of domestic buildings and their low thermal efficiency aggravate residential energy
consumption, especially for domestic space heating [17].

Of the five Central Asian countries, besides having the highest residential energy con-
sumption, Kyrgyzstan faces a major housing concern [18]. The mountainous characteristics
of Kyrgyzstan mean that only 20% of the land is available for comfortable living. As a
result, most of the building stock of Kyrgyzstan is concentrated in rural settlements or
semi-urban clusters [19,20]. Progressively, urban areas (such as the capital, Bishkek and
its suburbs) have been developed because of the migration trend in recent years. People
in rural areas have tended to migrate to urban areas in search of prosperity [18]; however,
around three quarters of the Kyrgyz population still lives in rural areas. There are approxi-
mately 1.8 million dwellings in Kyrgyzstan. Due to the higher population in rural areas,
the number of houses there is greater than in urban areas [21]. Figure 2 characterises build-
ing footprints in the urban and rural areas and shows that urban areas (such as Bishkek,
Osh, Tokmok, Kara-kol, etc.) are both densely populated and well-structured because of
the migration and development priorities. Conversely, rural settlements are remote with
scattered buildings and a low population density [22].
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tion based on GIS data according to Humanitarian OpenStreetMap Team).

Because of the privatization of the housing sector in Kyrgyzstan, there is a growing
trend of self-constructed houses. The rural building construction procedure is highly influ-
enced by neighbours, because family members assist each other with building construction
knowledge. This tendency combines with Kyrgyz history to give new houses an imprint of
building designs and architectural knowledge mainly from Russian as well as from Turkic,
Iranian, and Tibetan practices [6,23].

Rural Kyrgyz households have a high heat demand (3–5 times higher compared to
European households) and lower thermal comfort due to their construction techniques and
inappropriate building infrastructure. The majority of the rural building stock was built
during the Soviet era (almost 50 years ago) and they follow the same construction practice
to date. The current construction technique of vernacular architecture has a huge influence
on energy demand. The high-energy demand is typically met with the help of traditional
and non-sustainable methods, for example, the use of traditional heating stoves fired by
coal and firewood. The heavy reliance on the local environment leaves a negative impact on
the ecosystem, land degradation, and reduction in forest cover and ignites climate change
in Kyrgyzstan.

Around 80% of Kyrgyz households use the traditional heating approach to meet
high domestic space heating demand (due to inappropriate building construction) [24].
It is appropriate to consult the vernacular architectural tradition of high-altitude rural
Kyrgyzstan. This holds a lot of potential to adapt historic culture and ideas to develop
energy efficiency that applies to local boundary conditions. Hence, to reduce the heat
demand of houses and the burden on the environment and bring sustainability to the
region, it is significantly important to understand the building construction technologies of
rural Kyrgyz buildings, which will allow the unlocking of the potential to reduce the high
heat demand (i.e., energy efficiency).

1.2. The Gap in the Research

There are very limited studies available about vernacular architecture in combination
with a different climate. Nguyen et al. [25] made a comprehensive review of the study
of vernacular architecture on the global level. Figure 3a represents the estimation of the
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studies carried out about vernacular architecture in different regions of the world. In
addition, Figure 3b represents the distribution of the studies by climate types, according to
the modified Köppen climate classification system.
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It can be observed that there is very limited information about cold climates and
vernacular architecture. At the same time, the old houses in the cold climatic region are
the most energy-vulnerable as they need most of the energy for house heating compared
to cooking and lighting. Further to this, Bergström and Johannessen [18] studied multi-
apartment dwellings and the available energy efficiency measures for the same. The study
contains limited information about energy use in Kyrgyz buildings, as the study focuses on
sustainable housing in Kyrgyzstan with a focus on multi-apartment buildings located in
Bishkek. However, their rural residential building construction techniques in combination
with energy efficiency were untouched.

Also, Fodde [6] derived useful information about traditional earthen buildings in
Central Asia. The paper provides an overview of the principal earthen building materials
of Central Asia and the cultural aspects of traditional architecture. The main focus was to
identify the manufacturing processes of various building materials in the Central Asian
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region. However, an in-depth investigation of building construction techniques was not
explored in the presented article.

Summing up, the state of the art review revealed that the majority of the available
research analysis focused either on various available materials or on urban buildings.
A closer investigation of the literature on Kyrgyz building construction techniques and
architectural knowledge reveals a research gap and shortcomings. There is a gap in the
knowledge of the detailed construction process, current building techniques, predominant
building materials, and the potential for energy savings in rural Kyrgyz houses.

1.3. Research Questions, Objectives and Methodology

By considering the existing research gap and the need for scientific contribution, the
presented research article sets the goal to investigate and analyse the existing residential
building construction techniques of high-altitude rural settlements in Kyrgyzstan. To
achieve this research goal, the paper raises and answers the following research questions:

• What sort of building construction techniques are available in high-altitude
rural Kyrgyzstan?

• What are the predominant building materials used to build high-altitude rural houses?
• What is the energy demand of the existing rural Kyrgyz houses and what is the

potential for energy efficiency?

The main objective of this article is to identify the building construction methods
for rural areas in Kyrgyzstan. Besides a detailed investigation of building construction
techniques, the secondary objective is to present a roadmap to improve the energy efficiency
of rural residential houses in Kyrgyzstan by considering the local circumstances of the
country based on the locally available materials that are accessible and affordable.

To accomplish the research objective of the study, a three-stage approach was designed,
which is represented in Figure 4. The research work started with data collection, as there
was no authentic information available about rural Kyrgyz buildings. The data were
collected through various methods, from a literature review to on-site pilot interviews.
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The necessary information was collected about the buildings from on-site household
visits in the high-altitude Kyrgyz communities (Ak-Tal and Emgek-Talaa). Further to
this, pilot interviews were conducted with the local inhabitants and people involved in
building construction to obtain current knowledge about building construction techniques
and how they are involved. In total, around 50 + houses were visited in rural Kyrgyzs-
tan to obtain building information. The aim of the house visits was to collect data on
building information such as building material, floor area, occupant behaviour, level of
thermal comfort, etc. One can visit Mehta et al. [26] to obtain more information about
the household survey. Stage 2 was data analysis to categorize the building construction
techniques/procedure. The data were analysed by various building elements, for instance,
laying the foundations, floor construction, wall construction, wall plastering, ceiling con-
struction, roof construction, etc. They also provided a detailed description of available
building construction materials. As an outcome of stage 2, an in-depth assessment was
derived of the construction procedure.

Naturally, the aged, vernacular, and uninsulated building stock of rural Kyrgyzstan
outlines the great potential for increased energy efficiency. After having a comprehen-
sive understanding of Kyrgyz buildings and building construction materials, stage 3
discussed affordable and sustainable building energy efficiency. In order to provide a
suitable road map, the presented study developed four different cases starting from im-
proved windows to the insulation of the whole house by considering the existing building
construction techniques.

1.4. The Novelty of the Study

The presented study is the first attempt to discuss the residential building construction
techniques of the Kyrgyz houses that are situated at high-altitude and experience a cold
climate. The key novel outcomes of the presented article are mentioned below:

• Scientific information acquisition about residential building construction procedure.
• A detailed assessment of the old and new/current building construction techniques in

combination with the various building construction materials.
• Theory and context of the rural Kyrgyz building sector including architectural plans,

routine behaviour, cultural and traditional aspects.
• A novel and sequential roadmap for building energy efficiency was designed by

considering local boundary conditions.

2. Theory and Context: The Kyrgyz Building Sector

The building patterns and construction methods vary by region according to the alti-
tude and local climate. For instance, in North Kyrgyzstan, the dwellings are earthen houses,
predominantly built of rammed soil, while in southern Kyrgyzstan, adobe/mud/clay
blocks are used as rudimentary building elements [8].

In urban Kyrgyzstan, almost 40% of the total residential buildings (the rest of the
buildings are individual family houses) are structured as multi-apartment buildings. Most
urban buildings are constructed with brick masonry, monolithic concrete, concrete panels
with insulation, and also mud bricks [27]. The transition from urban areas to rural areas
is marked by a change in building construction. The majority of rural houses are single-
family houses of single-floor construction. Traditionally, rural buildings are built with clay
and/or soil-based materials, in combination with wood for floor and ceiling structures [27].
Figure 5 represents the typical urban and rural residential buildings.
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Ak-Tal (Source: Author).

Mountain ranges cover a large part of Kyrgyzstan, and the climate here is characterised
by extremely cold winters with temperatures ranging between about −4 ◦C and −6 ◦C
in the lowlands and −25 ◦C and −30 ◦C in the mountainous areas [18]. Most of the rural
population engages in agricultural and forestry activities. However, the cold climates and
snowfall in the mountain regions reduce agricultural activity between October and March.

Because of the long harsh winters, the rural population struggles to generate a con-
stant income from their agriculture occupation [28]. Modern house construction needs
a significant investment, which is not often possible for rural people [23]. Therefore, a
private house owner has limited opportunities for house renovation or repair because of
the financial situation in rural Kyrgyzstan.

As a result of the remote location and low construction rate, modern building tech-
niques are not yet expanded and accepted in rural regions. In the case of rural areas,
self-made houses constructed from clay are a common practice. However, both urban and
rural buildings are classified as low energy-efficiency buildings because of their age. Of
course, the newly constructed buildings have better construction techniques with modern
facilities. In any case, suitable Kyrgyz building codes are rarely considered while building
a house [27].

3. Traditional Single-Family House in Rural Kyrgyzstan: An Outlook

In the Kyrgyz residential sector, single-family houses, located in rural areas, acquire
most of the floor space because the proportion of the rural population is more significant
than the urban population [27]. Due to their geographical isolation and poor infrastructure,
rural homes are less likely to have access to public utility services such as a piped potable
water supply, district heating system, or natural gas supply [29]. Because of the limited
water supply, most low-income rural houses do not have an inside bathroom or shower
room. Rural people generally use a community bathhouse for shower purposes. To meet
drinking water demand, people fetch water from open water sources such as irrigation
canals, ditches, and rivers [26].

Similarly, the district heating network for house heating only covers the capital city
and urban areas. Hence, rural people use a low-efficiency traditional heating stove to
maintain thermal comfort inside the house [21,27]. This solid fuel-operated traditional
heating stove is located either in the middle of the heated space of the living room or placed
between two walls (built between two walls) of the room with a chimney in the ceiling.

In Kyrgyz culture, living with an extended family has great importance. Therefore,
several generations often live together in one household. However, this is not the same for
urban areas where small families are more common. Rural houses in Kyrgyzstan consist
of a floor area of 90–100 m2 with four to five rooms (previously, it was common to have a
floor area of 60–80 m2 with one to two rooms) with an average of five to seven people in
the house [23]. The typical house in rural Kyrgyzstan consists of four to six rooms, with an
open room to store shoes and for miscellaneous purposes adjacent to the kitchen, living
room and bedrooms. Because of the cultural tradition of eating meals together and the
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gathering of families for meals during the summer holidays, a living room is generally
large compared to the bedrooms. Figure 6 represents the typical building plan of a rural
Kyrgyz house.
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Figure 6. Typical architectural plan of rural Kyrgyz house (own illustration based on the site visit).

Especially in high-altitude mountain areas, rural settlements have low population
density; therefore, most rural houses in Kyrgyzstan are detached. Outside the house,
householders tend to build small storage areas and a yard to accommodate livestock.
However, this storage and the open yard are not a part of the building construction and
they tend to be arranged according to the available number of livestock and farming
capacity. Also, most rural homes have a separate structure (room) for summer cooking.

The interactions allowed an understanding of the daily routine of local people. Based
on them, the presented study derived the occupancy profile that was later used in the
simulations of the Kyrgyz building to obtain accurate results. Based on the daily routine
observations of various houses, a generalized occupancy profile for rural Kyrgyz houses
was developed, and this is shown in Figure 7. Also, it reveals the cultural aspects of
Kyrgyz citizens. It was noticed that the eldest son is in charge of looking after his aging
parents. While a Kyrgyz male normally manages the home’s finances, Kyrgyz women are
typically in charge of domestic chores including cooking, feeding and watering animals,
and refuelling solid fuel stoves.
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Figure 7. Daily occupancy of a typical rural Kyrgyz house.

4. The Kyrgyz Building Construction Techniques

In nomadic times, the yurt was the most common type of dwelling in Kyrgyzstan
because of its portability and speed of assembly. Today, permanent residential buildings
have largely replaced the yurt as a dwelling; however, yurts are still commonly used for
family gatherings and special occasions, especially in the summertime. In the 18th century,
Kyrgyz people began to construct permanent dwellings from mud bricks, which became a
widespread transition in the Kyrgyz building sector [12]. However, because of the nomadic
culture, the house structure is still usually a wooden frame. To construct a building, the
adobe and/or cob techniques are adopted historically in rural Kyrgyzstan. Therefore, all
buildings in rural communities tend to be quite uniform in terms of their design as well as
the building plan.

The key building material for most private residential buildings in Kyrgyzstan (and
other Central Asian countries) is a dust-like soil known as loess [6]. Hence, from historic
times, soil-based materials have dominated Kyrgyz building practice and are considered to
be low-cost building materials due to their high availability. In addition to this, low-income
families naturally avoid investing in more sophisticated building materials. This section
classifies the construction techniques of the various building elements such as foundation,
floor, walls, ceiling, and roof based on the on-site interviews and observations of various
rural Kyrgyz houses.

4.1. Building Foundation

In ancient times, natural stone or the ground were used as building foundations, and
the building was directly built on the ground (without any trench foundation). However,
these simple buildings were not able to withstand earthquakes. Kyrgyzstan is highly
exposed to frequent earthquakes because of its active seismic zone, and Kyrgyz people
learned to modify the original foundation design to resist earthquakes.

To upgrade the original foundations, a trench may be excavated 30 cm to 50 cm deep in
the ground with a width of 50 to 80 cm (according to desired wall thickness). Then, boulders
are used to fill the trench to give stability and prevent dampness. Today, however, concrete
foundation designs are gradually replacing the old foundation techniques. Figure 8 shows
examples of two Kyrgyz houses with different foundation designs.
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Naturally, reinforced concrete-based foundations are better able to withstand earth-
quakes; however, this technique is expensive compared to other foundation practices as
it uses cement, as well as iron bars to create the foundation. This type of foundation is
therefore generally limited to the homes of high-income families. However, it can be noticed
that progressively the foundation techniques in rural Kyrgyzstan have been improved to
improve the stability of the house.

4.2. Floor

The earthen floor is considered to be a common practice for floor construction. This
type of floor is used when building directly on the ground. Generally, to construct the floor
the first step, a boundary, is created out of stone to increase stability and durability. In
newly constructed houses, a foundation frame of concrete is more common than one made
of stone (Figure 9). Nowadays, to prevent the cold being felt from the ground, the outer
frame consists of concrete and has a total height of 70 to 200 cm depending on the house
design and available finance.
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To create the floor of the house, medium-sized gravel is used to fill the inside of the
concrete or stone frame, and this functions as a humidity barrier. Long wooden beams are
used to span the top of the frame and, finally, floorboards of pine are fixed to the wooden
beams. Most rural houses have wooden floors, and while concrete floors have become
more common in recent years their use is limited because of the cost of concrete. Figure 8
demonstrates the foundation and floor construction process.

Small openings are made in the outer frame for natural ventilation to generate an air
gap between the gravel and the floor construction to avoid humidity. Figure 10 represents
the inlet and outlet of natural air ventilation.
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Figure 10. Natural ventilation inlet/outlet to the environment in the floor of rural Kyrgyz houses.

The wooden floor is easy to build, and no special knowledge or sophisticated building
materials are required for its construction. However, during wintertime the provision of
natural ventilation results in a cold wooden floor as cold air from the outside circulates
under the floor. To prevent this, households often block ventilation holes in the wintertime.
In addition, to avoid cold feet it is common to use thick wool carpet on the floor.

4.3. Walls

Walls in rural Kyrgyzstan are usually made from different soil-based materials such as
mud brick, adobe brick, raw brick, clay-straw brick, clay lumps, and rammed earth. The
selection of wall materials for a traditional house is based on the available cash, the actual
need, and the knowledge and experience of local people. Mostly, the house owners follow
the regional traditions established by their forebears.

Because of their low income as well as the limited awareness of energy efficiency in
rural areas, households can rarely afford insulation materials. Hence, to reduce heat losses
and gain more thermal mass, the wall itself is built with high thickness. In the past, houses
typically had a wall thickness of 40 to 60 cm, according to the material quality; however,
in recent years the wall thickness has been reduced to 30 cm to 40 cm by using suitable
materials. However, it was observed during the on-site visit that the wall thickness varied
according to the building requirements and structural design.

4.3.1. Clay/Adobe/Cob Walls

Adobe and cob are both ubiquitous building materials not only in Central Asia but
over the world, and they are some of the best soil-based superior natural building materials.
In Kyrgyzstan, the brick is formed by adding water to a clay and straw mixture until
it becomes a sticky and firm mass with a consistency that promotes processability. It is
common to add livestock manure into the mixture, which is prepared in small quantities
for use immediately to prevent premature hardening.

In the past, the wet cob mixture was directly applied layer by layer to create walls.
However, in that technique, a suitable shape could not be given to the wall. Hence,
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craftsmen introduced the brick design to give a proper architectural shape to the building.
To prepare bricks, the clay-straw/cob/adobe mixture is added to a mould and pressed
into the form of brick (generally 15 cm × 15 cm × 30 cm, but this varies by region). After
moulding, the bricks are left to dry under the sunlight in an open area for 3–4 days before
use in wall construction (Figure 11).
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Figure 11. Clay-straw bricks being dried naturally.

The addition of straw brings strength to the building wall, and it also helps to absorb
moisture from the clay. Because of the straightforward preparation and construction, adobe
and clay-straw have become the most common building materials for wall construction in
rural Kyrgyzstan.

4.3.2. Rammed Earth

Rammed earth is a widely accepted material for wall construction all over Central
Asia. To make a rammed earth wall, loose soil is mainly used. This technique has the
advantage over clay-straw or adobe bricks that it does not require any mixing. To construct
a solid wall, a wooden support fixture is installed according to the desired wall thickness
(typically 40–50 cm). To compact the soil, wooden shutters are attached to the support
fixture directly on top of the building foundation. After that, loose soil is filled into the
fixture and rammed with the help of a special wooden tool to compress the soil. After
ramming the soil, the whole arrangement is usually left for 5 to 7 days to dry naturally in
the sun, after which it forms a solid structure. The compression of the soil layer by layer
will make the resulting wall more durable. Due to the compression technique, rammed
earth construction is usually more durable than clay lumps or mud bricks, especially
against water rising by capillary action from the ground. However, the thermal qualities
of soil walls are directly dependent on the stamping techniques/compression of the soil.
Today, many old rammed earth buildings are in poor condition because the masonry of
the rammed earth walls does not contain any binding materials and has a high risk of
deformation [30]. The principle of rammed earth construction is illustrated in Figure 12.
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4.3.3. Clay Lumps

Hand-made clay lumps are known as ‘Gualyak’, and are prepared in round or slightly
oblong shapes without the addition of extra materials. The clay lumps are arranged in a
layer within a rectangular wooden frame called a ‘synch’. The clay mortar/lime render
layers are used to apply finished looks and hold the lumps together as illustrated in
Figure 13.
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Figure 13. A wall structure with clay lumps and a wooden frame (left) and clay lumps in
preparation (right).

This is a traditional technique often found in older houses, especially in seismic zones;
however, it is not a common practice today.

4.3.4. Wall Plaster

The walls are usually covered by plaster to protect the wall base (clay/adobe/soil). It
is very common to apply clay/silicate as plaster to protect the soil-based walls from the
environment (i.e., rainfall, snowfall). High-income households can afford to decorate the
façade with materials imported from neighbouring countries (Russia, Turkey, and China),
which makes them costlier. Middle-income and low-income households prefer to have
either clay plaster or whitewash on the exterior and interior walls (Figure 14).
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Figure 14. A decorative façade or exterior wall (left) and a whitewashed exterior wall (right).

Usually, clay plaster is applied to the walls in two to three different layers (to a
thickness of 2 cm to 3 cm). Smooth plaster is considered a good quality plaster. However, in
rural areas, the durability of the plaster is a concern as it is applied without any proper/poor-
quality materials. Hence, it tends to crack after a limited time because of environmental
effects. Naturally, the cracked plaster is not good enough to protect the walls. In this case,
walls are subject to erosion as well as moisture penetration.

4.3.5. Vapour Barrier

Traditional natural floors with a foundation of stones are highly vulnerable to moisture
ingress. Even though rain and snowfall are low, they can be enough to cause issues of
moisture ingress to the foundation of the building. This is particularly problematic in old
buildings when groundwater rises through floor masonry and earthen walls through the
capillary effect. This dampness results in diffusion of the soil-based walls, which can lead to
mould development that appears as a collection of black dots inside the house. Sometimes,
the rising dampness damages the plaster or a painted wall and this can be commonly seen
in older houses.

To avoid humid walls, modern construction addresses the wall diffusion issue by
including a water-resistant vapour barrier between the foundation frame and the wall. This
can be visible in Figure 15. In addition to the vapour barrier, and when funds permit, the
moisture diffusion process is slowed in newer buildings by increasing the floor height by
up to 1 m. This will also reduce the cold coming from the ground.
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4.4. Ceiling

A typical rural Kyrgyz house has a timber beam ceiling. To construct the ceiling, the
beams (typically 0.5 m in diameter) are usually placed on the walls at a spacing of 10–15 cm.
On top of the beams, wooden planks and boards are added, and over these, a layer of loose
soil and straw is applied. A reed panel may be used as an alternative to straw. The idea
behind using straw or reeds is to reduce heat losses through the ceiling. Lastly, a thick layer
of slag or clay mortar (10–20 cm) is applied to protect the whole ceiling sandwich.

This traditional ceiling construction does not address energy efficiency or protect
from the climate as well as more modern methods; therefore, the ceilings of old houses are
vulnerable to moisture ingress. New buildings use an extra layer of cardboard and a vapour
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barrier to prevent moisture ingress into the ceiling structure and give better protection.
Figure 16 shows the typical ceiling of a rural Kyrgyz house.
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Also, to enhance the interior aesthetic of the house, high-income houses often cover
the wooden beams by adding an extra layer of cardboard over the beams to hide them.

4.5. Roof

Low-income families in rural areas typically live in a house with a metal roof that is
placed on a wooden-beamed ceiling. However, the gables of the roof are usually open at
both ends, which creates an open space between the ceiling and the gable roof (Figure 13).
Naturally, the open space induces a considerable amount of heat loss during windy days.
Lack of knowledge and limited income are considered to be the primary reasons behind
the open gable roof.

On the other hand, the homes of high-income households are more likely to feature a
closed gable roof. The closed gable roof may use sheet metal at both ends, or four sides
may be covered with sheet metal in the case of a hip roof. It was also observed from the
site evaluation that a wooden closer is also widely used to improve the appearance of the
gable roof. The selection of roof material is directly linked to the income of the household.

Sometimes the high-gable roof/hip roof contains a special wooden structure that is
placed on the ceiling to support the sheet metal. This roof frame is held together by a
ridge beam, rafters, and horizontal logs. The height of the ridge beam usually varies in
the range of 2.5–3 m. Figure 17 shows the various roof designs that can be found in rural
Kyrgyz houses.
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4.6. Windows and Doors

Most rural Kyrgyz houses have traditional wooden-framed windows. The windows
are generally double-glazed with around 3 to 5 cm of air gap. Many windows are leaky
because of the cracked panes, and also the wooden frames are often poorly fitting and allow
draughts. In high-altitude houses, the old and cracked windows cause high heat losses and
are often responsible for condensation within the sealed unit of the double-glazed pane.
Hence, improved windows can significantly contribute to reducing energy consumption.
However, new buildings tend to implement PVC-framed windows. Figure 18 shows both
wooden and PVC windows.
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The main entrance door and other doors in a rural Kyrgyz house are made from wood
with a typical thickness of 5 to 8 cm. As with the windows, uninsulated doors in rural
homes are often found to be cold and draughty.

5. Outlook and Discussion
5.1. Potential of Building Energy Efficiency in Rural Kyrgyzstan

Owing to the high altitude and mountainous terrain, Kyrgyzstan experiences a cold
climate with long and harsh winters. High-altitude remote communities, therefore, face an
additional energy challenge because a significant amount of energy is needed for domestic
space heating as well as cooking and hot water preparation [21]. Traditional buildings are
built with natural materials and generally have poor thermal efficiency, and this is the main
cause of the higher energy demand for domestic space heating. It has been identified that
the typical domestic space heating energy consumption of uninsulated, vernacular Kyrgyz
houses is 290–320 kWh/m2, which is 3–5 times higher than European houses whose energy
consumption is typically 100–120 kWh/m2 [18,21].

The provision of district heating is limited to only 1.1 million Kyrgyz households
situated mainly in the capital (Bishkek) and nearby urban areas. Most rural and semi-urban
houses (more than 80%) rely on traditional but inefficient individual heating stoves fired
by solid fuels such as coal and firewood [27]. However, these traditional solutions are
not capable of fulfilling the high heat demand and therefore domestic heat demand often
goes unmet.

Traditional heating stoves are significant contributors to local energy poverty. Solid
fuel-burning stoves have a thermal efficiency of 20–40% and this inefficient combustion
induces indoor air pollution, and outdoor air pollution, leading to serious health issues
due to the ash particles [31,32]. Because of the lack of an appropriate energy supply,
high-altitude rural communities are forced to meet all their energy needs from their sur-
rounding environment, which promotes the intensive use of unsustainable solid fuels.
Mehta et al. [26] mentioned that “during the winter period (from October to March), based
on the availability of heating fuels and financial capabilities, the average rural family needs
to use 2 to 4 tons of coal, 1.5 to 3 m3 of firewood and 1 to 2 truckloads of cow-dung to
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meet their residential heat demand”. In addition to the health impacts of burning solid
fuel on traditional stoves, wood collection by rural communities leads to a negative impact
on riparian forests. As a result of low incomes and the unavailability of modern building
technologies, the available building codes are rarely considered when building new houses.
Hence, old houses and newly constructed houses both have high energy demands for
domestic space heating. Figure 19 shows a comparative assessment of the U-value (in
W/m2 K) of real buildings compared to the Kyrgyz building code.
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Figure 19. U-value of buildings based on the author’s observations (from the developed simulation
model) vs. recommended U-values in Kyrgyz building code [33].

It is estimated that rural Kyrgyz houses have the potential to reduce energy consump-
tion by almost 50–70% through more appropriate choices of building materials, planning,
thermal insulation, and more appropriate building construction techniques [34], which
shows the huge potential for energy efficiency in rural Kyrgyzstan. The high heat demand
for Kyrgyz houses is expected to remain the same unless the implementation of energy
efficiency is fully realized.

5.2. Motivation for the Energy Efficiency Roadmap Devolvement

Rural people would like to improve their living conditions by improving building
envelope qualities. However, the lack of financial resources prevents rural Kyrgyz people
from improving the energy efficiency of their homes. Many rural households, especially in
mountainous areas, do not have a permanent source of income because job opportunities
are often scarce. Due to unstable income sources and low-income scenarios in rural
Kyrgyzstan, the application of thermal insulation to their homes is not considered practical
for most rural households. Also, the remote locations of high-altitude rural settlements
in Kyrgyzstan restrict access to supplies of modern building materials [35]. On top of
that, it was recognized through household surveys that rural people do not have enough
knowledge about building energy efficiency. For example, some of the houses closed the
open roof without insulating the ceiling. Of course, closing the roof can help to prevent
the cold air from passing through the roof space. However, the uninsulated wooden-beam
ceiling still causes high heat loss. Due to a lack of awareness and a knowledge gap, effective
energy-building efficiency is not yet applied to rural Kyrgyzstan.

Summing up, there is a need to identify a suitable hierarchy of energy efficiency
investments to reduce the residential space heating demand of vernacular buildings. This
will allow effective and affordable building energy efficiency for rural Kyrgyzstan. In
response, this article suggests a suitable order to implement energy efficiency measures
by considering the local circumstances such as low income, availability of sustainable
materials for insulation, and climate.

To plot a sequential pathway, a reference earthen house (base case) was developed
using the building energy modelling tool EnergyPlus [36]. Modelling data were collected
through interviews with local people and visual observation. Later, the model of the refer-
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ence house was modified sequentially to examine the impact of various energy efficiency
measures on the residential heat demand. This study explores several potential solutions
starting from improved windows to the insulation of the whole house, in four different use
cases. The four cases are listed in Table 1 in sequence.

Table 1. Description of the case studies designed for the simulation. The cases are ar-
ranged in sequence/steps that Kyrgyz households need to consider to realize effective energy
efficiency affordably.

Base Case Typical Rural Kyrgyz House

Case 1 (step 1) Replacing the wooden windows with plastic-based windows

Case 2 (step 2) Ceiling insulation with locally available sustainable insulation material

Case 3 (step 3) Open roof closing

Case 4 (step 4) Wall insulation with locally available sustainable insulation material

5.3. Base Case: Typical Rural Kyrgyz House

Based on the above discussion (eventually, based on the author’s observations of
the various houses and interactions with rural Kyrgyz residents), the typical uninsulated
rural Kyrgyz home was modelled in EnergyPlus. The single-family home that was chosen
offered 100 m2 of living space with a single thermal zone but had no thermal insulation
in its design. The house orientation was given in the north direction. To optimize solar
benefits, two windows were taken into consideration, one on the eastern wall and one
on the western wall, both having an area of 6 m2. The heating setpoint for the reference
home was determined to be 20 ◦C in order to achieve pleasant thermal comfort inside the
building. The building simulation was performed for one full year to obtain the full picture
of the heat demand. More scientific information about building characteristics and models
can be found in Mehta et al. [20].

5.4. Case 1/Step 1: Replacing the Wooden Windows with Plastic-Based Windows

Firstly, the reference house was modified by replacing wooden windows with double-
glazed polyvinyl chloride (PVC) windows. The old windows with cracked panes and
wooden frames are key thermal bridges for heat leakage. The raw materials for PVC
windows are usually imported from China and Turkey to Bishkek, in Kyrgyzstan, before
being supplied to the local centres and regional producers. Due to the decentralized PVC
window assembly process as well as low prices to implement energy efficacy measures,
installing PVC-based windows is now a common practice in new houses. The average price
of PVC windows ranges from 4500 to 7000 KGS (45–60 €) per square metre, depending on
the location of purchase due to transport problems. In most cases, the suppliers offer free
installation of PVC windows. However, the labour and transportation charges represent
additional costs [37]. The simulation result shows that introducing double-glazed PVC
windows to a vernacular house can reduce the total heat demand by 10%.

5.5. Case 2/Step 2: Ceiling Insulation with Locally Available Sustainable Insulation Material

The use of insulation on a vernacular building has high potential to reduce the heat
demand. However, because of the remote location of high-altitude rural settlements, access
to modern insulation materials is difficult. For example, industrially produced insulation
materials such as extruded polystyrene foam, Styrofoam, or mineral wool are generally
available only in the capital and urban areas [20,37]. Local suppliers in urban areas charge
additional fees to transport the insulation materials to remote locations, which makes such
insulation materials even more costly for rural dwellers. Despite the unavailability of
industrially manufactured insulation products, since most rural populations engage in
agricultural activities [38], they have access to several agricultural by-products that are
widely available locally, and that may make effective insulation materials. Mehta et al. [20]
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identified the impact of such materials on the domestic space heating demand. The com-
mon agricultural materials that can be used for insulation in Kyrgyzstan are straw-bale,
reed, and sheep wool. Hence, this case simulates the ceiling insulation with natural insula-
tion materials. Figure 20 presents the simulation results of sustainable ceiling insulation.
The simulation results identified that ceiling insulation with any locally available (and
affordable) insulation materials has the potential to reduce the heat demand by between 10
and 20% of the base case (typical rural Kyrgyz house).
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Figure 20. Ceiling insulation with locally available insulation materials with varying thicknesses of
the insulation layer to present the potential of natural insulation materials in rural Kyrgyzstan.

5.6. Case 3/Step 3: Open Roof Closing

The use of an open-gable roof exposes the uninsulated wooden-beam ceiling to the
cold wind and sub-zero temperatures, which induce high heat losses through the ceiling.
After ceiling insulation, closing the open gable roof from both sides has a significant benefit
in reducing heat demand. It was observed during the on-site visit that if and when rural
Kyrgyz people can afford to close an open gable, they generally do so with metal sheets. To
estimate the heat demand reduction of installing a roof closer (case 3), the base model was
modified by introducing a sheet-metal closer on both open gables. The simulation results
revealed that closing the open roof leads to a 20 to 25% reduction in the total heat demand
of earthen houses.

5.7. Case 4/Step 4: Wall Insulation with Locally Available Sustainable Insulation Material

Similar to the ceiling, the base case was simulated with wall insulation with locally
available sustainable insulation materials. Figure 21 displays the results for sustainable
wall insulation.

The results showcase that sustainable wall insulation can reduce heat demand by
between 15 and 20% of the base case. However, wall insulation is recommended as the
last step in the energy efficiency hierarchy in the presented article. Compared to ceiling
insulation, wall insulation needs a special structure to insulate the walls; also, labour might
be costly compared to ceiling insulation, as it needs to cover more area for the insulation.
At a certain interval, rural people apply new plaster to enhance the aesthetic of the façade.
It seems reasonable to carry out the wall insulation during this renovation of the façade.
Figure 22 summarizes the comprehended results of all the cases.
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Figure 21. Wall insulation with locally available insulation materials with varying thicknesses of the
insulation layer presents the potential of natural insulation materials in rural Kyrgyzstan.
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Figure 22. Recommended sequential energy efficiency parameters to reduce annual domestic space
heating demand of vernacular Kyrgyz house.

Novel information presented in this article about a sequential suggestion for energy
efficiency will help rural people to make building energy efficiency more effective. Also, rec-
ommended step-by-step thermal modifications will allow local people to invest stagewise
into energy efficiency. The presented solution is viable in the local context and transferable
to other regions/areas of Central Asia.
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6. Conclusions

The key objective of the research described in this paper was to investigate the building
construction techniques in rural Kyrgyzstan, especially for high-altitude remote settlements.
To address the knowledge gap, the information presented in the paper was gained from
a site visit and interviews with local people. Because of widespread availability and cost
factors, earthen houses are standard practice in rural Kyrgyzstan. However, this vernacular
architecture performs poorly from an energy perspective in the long and harsh winters
there. Inappropriate building designs with inadequate insulation lead to a high domestic
space heating demand. To meet this demand, the rural population burns solid fuels in
traditional heating stoves. The paper proposes a suitable solution to reduce the residential
heat demand sequentially by improving the building envelope.

It can be noted that the data used in the modelling were collected from a visual
inspection of the buildings and interviews with local people. To enhance the initial research
results, future work is necessary:

1. Experimental analysis of the building structure is highly advisable. Because most of
the houses were built 40–50 years ago, it is difficult to gain accurate information about
building structures (for example, the thickness and composition of the individual
layers and materials of the building envelope).

2. Because of the use of traditional heating devices, there are no detailed data available
on heating setpoints or heating demand profiles. The household initializes the heating
process when they feel cold inside the house. In that case, it is necessary to measure
the inside air temperature for a more extended period to identify the level of thermal
comfort and the heating setpoint, both of which have a significant impact on the
simulation results.

3. The energy efficiency only considers the existing houses right now. During the
interview, it was identified that ground insulation is expensive, as it needs additional
labour to carry out the ground insulation work. Therefore, the article only focuses on
the building energy efficiency of the existing rural houses.

Nevertheless, the proposed roadmap was developed by considering local conditions
such as low incomes, cold climate, current building structure, locally available construction
resources, and geographical location. Hence, the proposed research has high potential
for adoption by low-income rural Kyrgyz habitations to reduce the residential heat load
sequentially to overcome financial barriers and, therefore, contribute to establishing sus-
tainable buildings in rural Kyrgyzstan. Also, these results are partially transferable to other
Central Asian rural communities based on the location and building characteristics.
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