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Abstract: The floodplain areas along the Naryn River in Kyrgyzstan are essential as they hold the
riparian (local) ecosystems because they provide firewood, pastureland, and areas for recreation
and protection against erosion. Due to limited access to adequate, reliable, and sustainable energy
services, the rural population usually derived their energy needs from multiple natural energy
resources (i.e., firewood, charcoal, agricultural residues, animal dung, and wood branches). This
is considered a common and predominant practice in rural Kyrgyzstan. This situation leads to a
negative impact on local ecosystem services. In addition to that, the reliance on solid fuels contributes
to indoor and outdoor air pollution, which is partially threatening the local ecosystem services. By
contrast, the employment of renewable-based energy supply systems would substantially reduce
the burden on the environment, which is mainly untapped. To integrate renewable energies, it
is important to understand the energy behavior of floodplain communities. In that response, the
presented article is the first attempt to capture the energy identity of the floodplain community
of Kyrgyzstan based on a quantitative energy-based (on-site) household survey. Furthermore, the
present research article synthesizes the driving factors that have a (direct or indirect) impact on the
energy and local ecosystem services. In addition, the present article proposes a brief pathway for
the sustainable energy transition. The article records the recommendation to integrate renewable
energies to preserve the local ecosystems of Kyrgyzstan.

Keywords: Central Asia; ecosystem services; energy pattern; energy profiling; floodplain community;
high-altitude; household survey; Kyrgyzstan; renewable energies; sustainability

1. Introduction
1.1. Background and Context

Ecosystems offer a wide spectrum of mandatory services for the sustainable function-
ing of the environment, social development, economic development, and, of course, the
development of the human being. Kyrgyzstan, a Central Asian country, is well known for
its continental climate. The abstracted water resources (especially rivers) and their flood-
plains hold natural yet important (local) ecosystems. Most of the ecosystems are still in a
natural state. Degembaeva et al. [1] and Lauermann et al. [2] described that such natural
ecosystems provide essential services to the local population, such as firewood, grazing
land recreational areas, and protection against erosion. Further to this, Karthe et al. [3]
described the water resources and their management including ecosystems in Central Asia.

However, such essential ecosystems, especially in rural Kyrgyzstan, are exposed to
overexploitation because people have heavily utilized the natural resources provided by
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such ecosystems to fulfil their needs [4]. Among Central Asian countries, Kyrgyzstan is
the country most vulnerable to climate change. Over 60% of the rural Kyrgyz population
directly depends on natural resources for their livelihoods [5,6]. The high reliance on
firewood usage negatively impacts the riparian forests, and therefore, the local ecosystem
becomes unbalanced [7]. Besides the nonsustainable exploitation of forest wood, rural
floodplain communities extensively use solid fuels such as charcoal and cow dung to meet
the primary needs (i.e., space heating because of the long and harsh winters) [8].

Most of the Kyrgyz building stock (especially in rural settlements) was built 30-60 years
ago during the Soviet era without regard for energy efficiency. The age of the residential
buildings, poor housing conditions, and the absence of proper thermal insulation result in
high heat demand and low thermal comfort in rural Kyrgyz houses [8]. To meet the high
domestic space heating, communities are more inclined to utilize natural resources to meet
their energy needs. Naturally, the overexploitation of nonsustainable solid fuels causes indoor
air pollution and outdoor pollution, resulting in health-damaging issues.

According to Brakema et al. [9], the high-altitude rural settlements in Kyrgyzstan are
particularly vulnerable to Chronic Obstructive Pulmonary Disease (COPD) and signifi-
cantly experience respiratory issues because of household air pollution. This pollution
directly or indirectly contributes to climate change. Climate change is an imperative
parameter that influences not only the environment but local ecosystems too [10,11]. It
is important to highlight that the resources which ecosystems provide are limited and
conventional (i.e., forest wood). The overexploitation of an ecosystem can be harmful to
the local biodiversity and environment.

Li et al. [12] provided a detailed illustration of how rural energy consumption affects
the environment and economy. The authors further identified that reliance on the envi-
ronment places great pressure on natural resources and seriously restricts the sustainable
development of the region. Hence, there is an urgent need to preserve the ecosystems
of Kyrgyzstan.

The rural communities in Kyrgyzstan are less likely to connect with community
services such as district heating services and hot water supply systems. As mentioned
earlier, local people exploit the ecosystem/surrounding environment to meet their energy
needs because they do not have access to modern energy services. By contrast, the country
is blessed with plentiful renewable energy resources, mostly unexploited because of the
lack of resources and infrastructure [5]. The recent theoretical development identified that
locally available renewable energy resources could be employed to ensure a sustainable
energy supply in Kyrgyzstan. Such a sustainable solution can indeed be helpful to reduce
the burden on the local ecosystem [13,14]. This is how the reliance on the ecosystem and
environment can be reduced [5].

1.2. Research Objective and Contribution to Knowledge

To integrate renewable energies to a community, it is necessary and important to
understand the dynamics of the energy behavior of the floodplain community. In that
regard, it is helpful to make the energy-related information about the floodplain community
available to establish a sustainable energy transition through potentially present renewable
energies. However, available information about floodplain communities in the context
of energy behavior is explicitly insufficient and does not provide enough knowledge to
map the energy identity. Furthermore, a detailed comprehensive assessment is missing
about community energy consumption and energy supply patterns to understand the
full picture of floodplain households and their dependency on the local ecosystem. The
scant information does not provide a complete depiction to international readers about the
energy-usage behavior. To address the research gaps and to contribute to the knowledge,
the authors conducted detailed energy-based on-site surveys of a floodplain community in
Kyrgyzstan. The authentic data collected from the household survey collect the novel and
comprehensive information about the energy characteristics of the rural Kyrgyz community.
The detailed outline assisted with defining the energy identity of the floodplain community.
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It can fill in as the strong base for designing the renewable energy-assisted supply system
to preserve the local ecosystems.

1.3. Outlook to the Case Study Area

Degembaeva et al. [1] identified that floodplain areas along the Naryn River are vital
as they are closely linked with the riparian ecosystems, which have a high magnitude
on the life of local people. The Naryn River is one of the primary water sources of the
country which originates in the Tian Shan mountains and flows across Kyrgyzstan and
Uzbekistan. As one of the largest rivers (length around 700 km), the Naryn River contains
diverse patterns through the flow regiment. It was identified that the largest floodplain
areas are located in the central part of the catchment (downstream of the Naryn city) [1].
The rural settlement Ak-Tal was selected from this catchment as the case study area. Ak-Tal
is a floodplain community located around 80 km downstream from Naryn city, which is
represented in Figure 1. Ak-Tal is a high-altitude floodplain area around 1600 m above
sea level and situated between the Naryn River in the North and the mountain ranges in
the South.

KAZAKHSTAN

TAJIKISTAN

Figure 1. The location of the Naryn River catchment and the case study area: Ak-Tal community
(floodplain area) [source: author, base map: Google Earth].

The presented research article quantifies the energy identity of a typical floodplain
community (in this case, Ak-Tal) by performing a quantitative household survey. The
findings from the household survey helped to derive the energy characteristic which
can serve as a base for the sustainable energy transition in Kyrgyzstan to preserve the
local ecosystems.
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2. Materials and Methods
2.1. Survey Design

Rural communities in Kyrgyzstan are mainly formulated with residential houses.
Hence, it is necessary to understand the residential energy behavior. The amount and
type of energy used in residential houses in the community are mainly associated with
the housing conditions, building envelope, and building characteristics. Furthermore,
the energy carrier, energy devices, and user behavior are also the parameters that are not
only associated with energy consumption but also with the ecosystem, as the majority of
the households directly rely on the environment. To comprehensively realize the energy
consumption and energy usage behavior of households in the floodplain community, the
question form for the quantitative household survey was designed with energy-related
content and attention displayed in Figure 2. The survey content includes detailed questions
about building information, occupant behavior, energy information, and thermal comfort.

Quantitative household survey

v

Building Information

Energy information

Occupant profile Thermal comfort

i« Indoor thermal
i comfort :
i + Seasonal energy '
i behaviour
i« Energy efficiency :
! measures
i » Energy use pattern !

Energy cantered questionnaire form

Detailed assessment and energy profile of rural
settlement

Figure 2. Research design and survey coverage of the presented work.

The survey was performed in the Kyrgyz language to avoid linguistic barriers. Later,
the survey results were translated to English for further evaluation. To analyze the energy
consumption of rural Kyrgyz households, the developed questionnaire appropriately
included various aspects of energy supply. For example, respondents were asked to
estimate their fuel consumption per year (including coal, firewood, and cow dung) and
were asked specific questions about daily routines to derive usage profiles. In addition,
the questionnaires were used to collect general building information as well as data on the
housing situation, domestic space heating, hot water, and electricity supply. During the
on-site stay in the middle of winter, the performed survey was able to take a closer look at
local household conditions and the ground reality. Conversations with the residents during
the interviews provided both fundamental insights into their views on energy supply and
consumption and their use and perception of the energy.
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2.2. Sample Size Calculation and Selection

Ak-Tal is a community where a total of 234 households are positioned on both sides
of the country’s main road, and it is home to around 1500 people. Since it was a qualitative
household survey, the sample size and sample selection were calculated based on the total
households. To determine the same size, the following equation was used [15].

Z2x p (1=p)
L

Z2x p (1-p) M

Sample size =
T+ ()

where

Z = Confidence level (standard normal distribution);

N = Population size (total number of households = 234);
e = Margin of error;

p = Value of probability.

The calculated sample size was 35, and that was the satisfactory sample size with a
confidence level of 80% and a margin of error of 10%. However, to cover more households,
the sample size was rounded to 40. The survey quality was guaranteed and maintained
because questions were asked in the local language (Kyrgyz), and answers were recorded
in the Kyrgyz language to avoid miscommunication. Figure 3 displays the interviewed
houses during the Ak-Tal household survey.

P
P 1OBSO..
¥ N Faaason

Figure 3. Interviewed houses (sample size N = 40) in the Ak-Tal community [source: author, base map: Google Earth].

To cover each corner of the community, the sample was selected thoroughly based on
the random sampling method. The survey results and detailed assessment are presented
in the following chapter. All the described data are based on the survey, visual/personal
observation, and conversation with the local people.

3. Profile of the Studied Households

The communities located in the mountains regions of Kyrgyzstan typically hold a
lower population density than urban areas and are disconnected from the urban centers.
The mountain people reside in difficult high-altitude terrain, far from economic centers,
and exert over the policies and decisions that influence their living standards. Therefore,
these societies face a significant challenge in community development because of poor
infrastructure and rural-urban communication channels. The majority of the Kyrgyz area is
symbolized by high-altitude background (average elevation 3000 m above sea level) and is
covered by an extended range of mountains. The geographical condition results in the cold
climatic zone in Kyrgyzstan. The winter temperatures range from about —4 °C to —6 °C
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in the lowlands and from —25 °C to —30 °C in the mountainous. Hence, high-altitude
settlements with long periods of cold weather conditions face additional challenges because
most of the energy is used for house heating rather than cooking [5]. Figure 4 represents
the Ak-Tal community and house arrangement.

Figure 4. Ak-Tal community during wintertime [source: author].

Many rural communal households, especially in mountainous areas, do not have a
permanent source of income because job opportunities are often scarce. Hence, almost all
households are engaged in agricultural activities/animal husbandry. However, harsh and
long winters and collected snowfall on agricultural land cause the agricultural activities to
slow down. Hence, during the winter season, it is not easy to generate a constant income
for rural households.

3.1. Occupant Behavior

It was identified during the household survey that most households consist from
around four to six people living together in a traditional rural house. Generally, rural
families stay together as a big family—two adults and their children and grandparents.
The interviews identified the general routine of the rural household. The youngest son is
responsible for taking care of his aging parents. Kyrgyz women are mainly responsible
for household tasks such as cooking, livestock feeding, and watering, fueling solid fuels
to heating stoves, and baking, while a Kyrgyz man is typically the financial head of the
house. Men and children go to work and school, respectively, in the early morning. Based
on the daily routine observations of various houses, a generalized occupancy profile for
rural Kyrgyz houses was developed, which is shown in Figure 5. The profile is presented
in a fraction of present persons in the house at various timeslot of the day.

Morning

03

Afternoon

0.5|0.5

Evening

0707 .

Figure 5. Generalized daily household occupancy pattern in a fraction of present persons (1 is a full occupancy, 0.5 is half of

the total occupancy).
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3.2. Building Characteristics

Almost all the Kyrgyz housing stock was constructed during the Soviet period (dur-
ing 1950-1980) with earthen materials (i.e., adobe, mud, clay, soil, etc.) without any
energy efficiency measures. During those years, energy cost was low/negligible, and
therefore, residential buildings did not consider any energy efficiency measures to improve
the thermal performance of houses. This is rightly associated with the case study area
Ak-Tal community.

All the houses in the Ak-Tal community are self-built and single-family houses with a
single floor. More than 80% of Ak-Tal households are built with earthen materials. Out of
all earthen materials, clay—straw bricks are the most common and favorite building con-
struction materials because this technique is well known, and the knowledge is available
locally. Generally, families assist each other with house construction in rural Kyrgyzstan.
Therefore, the housing profile in most rural communities is relatively homogeneous. Be-
cause of the independent house construction, the building codes are seldom considered
while constructing the rural houses [8].

An average house in Ak-Tal is constructed with clay-straw bricks (mixture of clay and
straw and mold in brick form). In the majority of the cases, the bricks are self-made and
then left under the sun for natural drying (generally 15 cm x 15 cm x 30 cm but varies by
region). Besides clay—straw bricks, soil wall (with the rammed earth) is widely accepted
for house construction because it does not require any mixing process.

The majority of the houses in the community are private households. Besides the
private households, the community has several public buildings (around seven) such as
kindergarten, local self-governance, school, etc. More than 50% of the building stock was
built 30 years ago. Figure 6a represents building construction materials of the interviewed
households, and Figure 6b displays the age band (house construction age) of the houses.
More than 90% of household respondents said that they did not apply any insulation
measures while constructing their houses.

Respondents in %

Raw brick

b)

m1to 20 m21 to 40

Adobe bricks  Clay-straw Soil wall

brick @41 to 60 @ Not answered

Construction material of wall

Figure 6. (a) Building construction material and (b) the age band of houses (N = 40).

The average floor area of the household in Ak-Tal ranges between 90 and 110 m2. The
houses are generally large and consist of four to five rooms (more than 70%) which contain
an open room to store shoes, winter clothes, and/or for miscellaneous purposes, kitchen,
living room, and bedrooms. It was observed that the houses which were constructed in the
last 10 years hold more floor area (i.e., 125 m?) as compared to the average house because
of the improved living standards. Figure 7 represents the recorded data.
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Respondents in %

jl .I-_

30-60

61-90

Living areain m?

91-110 111-130 131-160 Above

160 E2 ©3 @4 O5 m6 EMorethan?7

Figure 7. (a) Distribution of household floor area and (b) number of rooms (N = 40).

3.3. Building Construction Technique

From the household survey questions related to the building envelope characteristic

and visual observation, the typical housing profile was derived. This housing profile can be
transferable to any other rural /neighboring communities as the rural areas in Kyrgyzstan
look uniform.

Foundation and Floor: A typical rural house has an earthen floor with a layer of natural
stone and/or concrete for the stability of the foundation as a first layer. Generally,
the floor has a thickness of 0.25-0.50 m without thermal insulation (in the majority of
the cases).

Walls: As mentioned above, walls are constructed with soil-based materials without
insulation materials. To cope with the cold climate, the walls are thicker, and the
thickness of the wall ranges between 0.35 and 0.50 m. To protect and give a finished
look to the soil-based walls, a thin layer of plaster is applied. It is a predominant
practice to apply clay plaster (with a thickness of 2-3 cm).

Ceiling: The construction of the ceiling is most similar to the floor. The wooden
(timber)-beam ceiling is the most common in the Ak-Tal community. The ceiling
contains wooden beams placed on the walls and wooden plank/boards on the top. To
cover the wooden planks, a thick layer of clay and/or slag is applied for protection.
Roof: The wooden beam ceiling is usually covered by an open gable roof. More than
50% of households do not have closed roofs because of a lack of knowledge and
income. However, this is a common practice in Kyrgyzstan. The houses which have a
closed gable roof are either open from one end or have leakages. Naturally, the open
space induces a considerable amount of heat loss during windy and cold days.
Windows: The windows are generally double-glazed; however, the frame materials are
varied across the community. Almost 40% of households have PVC-based windows.
Around 33% of houses are equipped with wooden-framed windows, mostly crackly
and exposed to air leakages. The rest of the houses have mixed (wooden and PVC)
windows installed.

Table 1 portrays the detailed illustration of the building envelopes constructions with

real on-site images.
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Floor

Installed wooden floor

Table 1. The construction process of individual building features [source: author].

Foundation frame Gravel/stone filling

Walls

Earthen walls Clay/silicate wall plaster

Earthen wall in construction

Self-made soil-based bricks

Ceiling

- =

Wooden beam with a wooden plank

Open roof earthen houses

Wooden beam ceiling with a clay
layer

Wooden beam structure
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3.4. Thermal Comfort

As discussed above, buildings in Ak-Tal are mostly built with natural materials with-
out proper building construction techniques and energy efficiency measures. Hence, houses
are the key energy consumer as they tend to have high heat demands. Mehta et al. [8]
identified that the (heat) energy consumption of rural traditional Kyrgyz houses ranges
between 290 and 320 kWh/m?. Furthermore, UNDP [16] also mentioned that energy use
in Kyrgyzstan varies between 320 and 690 kWh/m? per year, which is almost 3-5 times
higher than European buildings.

The building thermography is one of the most convenient ways to diagnose and
monitor the heat transfer of a building. To identify the heat transfer of rural Kyrgyz houses,
a thermography analysis was performed for the presented research work. The thermal
image of a rural Kyrgyz house is exemplarily shown in Figure 8a, which illustrates the heat
losses through the old and uninsulated building envelope. Figure 8b represents the thermal
image of the newly built house in Ak-Tal, which has an improved building envelope
installed with PVC windows.

Figure 8. Thermal images of different Kyrgyz houses in the Ak-Tal region during the heating season
(February 2020) (a) the old and uninsulated building, (b) newly built house [source: author].

It can be seen that the earthen houses need a high amount of energy to maintain
thermal comfort inside the house. The current deteriorated and outdated building in-
frastructure conditions indicate a massive potential for energy savings in Kyrgyzstan.
According to the Mountain Societies Research Institute, “up to almost 60% of heat losses
can be saved by introducing the proper thermal insulation measures to rural buildings” [17].
Furthermore, Boronbaev [18] estimated that rural Kyrgyz houses could diminish energy
use by around 70% by suitable sections of building materials, planning, thermal insulation,
and appropriate building construction techniques.

Because uninsulated houses, open roofs, and leaky windows are the key players acting
as thermal leakage, the indoor temperature drops down and reduces the thermal comfort
inside the house. To improve indoor thermal conditions, households use thick wool carpets
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during the winter season. The thick carpet can work as an additional building layer and
help to prevent the coming cold from the outside. Around 50% of the household responded
that they cover windows. By contrast, around 25% of households used to protect walls
with carpet. Figure 9 illustrates the detailed data as well as the pictures of buildings

where the carpets are visible. This is a common practice followed in Kyrgyzstan during
the wintertime.

Respondents in %

Wall

House part covered with thick carpet

Floor Door Window

Figure 9. (a) House part covered with the carpet and (b) carpet in the traditional rural Kyrgyz house (N = 40).

Indoor comfort/satisfaction with living conditions is a key indicator to understanding
the household behavior and views on the existing building condition. Despite the termi-
nated and poor energy efficiency buildings, more than 75% of households reported that
they are satisfied with the current building conditions. While around 65% of households
responded that they are satisfied with the indoor thermal temperature, overall, about 10%
of respondents were dissatisfied with the housing, window, and door conditions. Table 2
summarizes the responses of the household on the indoor comfort and satisfaction level.

Table 2. Satisfaction of housing conditions (N = 40).

Satisfaction with Indoor
House Temperature

Satisfaction with Current Satisfaction with Windows Satisfaction with Door
Housing Conditions Condition Condition

2%

Fully satisfied; Somewhat satisfied; - Not satisfied.

However, even though with the high level of satisfaction with thermal comfort, when
households were asked about their plans to renovate their homes, around 80% of house-
holds said they would like to renovate their house in upcoming years (until 2030) based
on the financial conditions in most of the cases. In reality, the lack of financial resources

and knowledge prevents rural Kyrgyz people from improving the energy efficiency of
their homes.
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3.5. Building Energy Use and Consumption
3.5.1. Electricity

Because of the legacy of Soviet infrastructure and the strength of hydropower plants,
access to electricity through the national grid is common in Kyrgyzstan (~99%), includ-
ing urban and rural households. In that context, all the houses of the case study area
are electrified. More than 90% of the electricity in Kyrgyzstan is produced by various
hydropower plants [5]. However, during the freezing winter, the water flow is reduced,
leading to limited electricity production. Because of urbanization and high population
density, priority is given to urban areas to meet the increased electricity demand in the
wintertime. Due to the isolated locations and low population density, rural areas are left out
from the reliable electricity supply. Around 60% of these rural households stated that they
experience voltage fluctuation/cut-off in electricity supply in winter. Despite the lowest
and non-cost-effective electricity tariff of 0.01 USD/kWh, more than 20% of respondents
reported that electricity is too expensive for them. Hence, the current electricity access is
neither reliable nor affordable for house heating. Only 10% of the local population use
electricity (i.e., electric radiator) for house heating as a backup /support to the traditional
heating system.

It was assessed from the household survey that households who have stable income
sources use electric radiators for heating (as a support to the traditional heating system).
When answering the question of the reason for not using electricity for heating, the majority
of the households stated that they are happy with the traditional heating stoves. Hence, it
can be comprehended that rural people are inclined more towards the traditional approach.
Most electricity is used for household purposes such as an electric stove, hot water with
an electric kettle (for tea preparation), a washing machine, refrigerator, and television.
Figure 10 displays the electrical appliances identified during the household survey.

100
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s
2 25
x
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L @ @ & & © & F S &
XS X S ((\’b XS \Q)O (%) N ;\}(\ O
x$ ) © EN 2 2 ) )
& &N {\59 ¥ & S ¢ S
2 & & >

Electrical appliances

Figure 10. List of electrical appliances (N = 40).

The electricity costs 0.7 som for the first 700 kWh per month, after that the cost
is increased to 2.16 som/kWh (som is a Kyrgyz currency (KGS), 1 som = 0.012 euro in
February 2020). During the wintertime, because more hot water is required for cooking
and livestock, it was observed that winter electricity consumption was higher as compared
to the summer. Figure 11 illustrates the generalized seasonal electricity consumption and
electricity expenditure of the households.
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Figure 11. Average monthly electricity consumption and expenditure classified according to season (a) Seasonal electricity

consumption and (b) seasonal electricity expenditure.

3.5.2. Space Heating and Heating Fuels

Longer heating periods and poor thermal insulation of the rural houses promote
high consumption of heating fuel to maintain a pleasant temperature inside the village
homes. Almost all the houses have long relied on solid fuel-fired traditional heating
stoves. Figure 12 represents the characterization of existing space heating systems in the
Ak-Tal community.

Stove placed in a corner used by Stove placed between two walls Stove with radiator heat distribution

33% of household

used by 40% of household system used by 27% of household

Figure 12. Characterization of existing space heating systems fueled by solid fuels (N = 40).

However, the heating devices and methods to maintain thermal comfort in the house
vary from household to household. The survey results show that a traditional stove without
any hydraulic is the most common installation to heat the house. As most of the rural
houses are not connected with the central water distribution system, they do not have an
in-house hydraulic setup. By contrast, the (high-income) households who are equipped
with hydraulics would have installed the radiator-based water pipe heating system. In
sporadic cases, it was observed that the eclectic radiators were in use for house heating only
as an additional heating source. Table 3 explains the brief description of various heating
systems in use.
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Table 3. Description of house heating system used in Ak-Tal/rural Kyrgyzstan.

This stove is placed in the corner of the room
which the household would like to heat up.
Naturally, the heating effect can be stimulated
in the room where the stove is placed. There is
a small opening to fuel the solid fuels in front.
In addition, these stoves are equipped with
heating plates on the top to cook at the same
time.

Stove placed in the corner

This is also a common heating solution and is
installed between two walls of the house. This

Stove positioned between two walls is convenient for heating the two rooms
simultaneously. This stove is also used for
cooking in the wintertime.

This stove is assisted by an integrated heating
cycle through the hydraulic system. The heat is
distributed in the form of hot water with
radiators in the rooms where it is required. The
cold-water tank is generally placed over the
roof, and with the help of a thermosiphon
pump, water is circulated. Water flows to the
stove coil/jacket where the temperature is
raised, and later, it flows through the radiator
and releases the heat by convection. Cold
water travels back through the return pipes to
the stove, and the heating cycle restarts.

Stove with a water pipe system

All abovementioned traditional heating stoves are usually operated by solid fuels
such as raw coal, firewood, wood branches, cow dung, and self-grown trees. The long
heating period in a combination of low thermal insulation properties houses results in high
consumption of heating fuel to maintain thermal comfort inside the house. However, be-
cause of high heat demand, house heating is an expensive task as it requires a considerable
amount of heating fuels. To save money on heating fuels, rural households are used to
occupying only one room for heating and closing down the rest of the house. More than
50% of households reported that they heat only the living space (2-3 rooms) in winter to
save heating expenditure. Almost 65% of households limit the heating space by closing the
door to the not heated rooms.

The household survey identified that coal is the most popular type of heating fuel and
is used by all households (100%). While around 70% of households use firewood, almost
67% of households utilize cow dung. It was assessed that during the winter period (from
October to March), based on the availability of heating fuels and financial capabilities,
households would like to use the heating fuel in combination to maintain thermal comfort
inside the house. It was calculated that the average rural family needs to employ 2-6 tons
of coal (cost ~50-250 €), 1.5-3 m> of firewood (cost ~5-30 €), and 1-2 truckloads of cow
dung (most of the time self-prepared, but in case they outsource, it costs ~5-10 €) for house
heating. Figure 13 portrays heating fuel expenditure.

The traditional heating stoves are operated with low thermal efficiency. In that regard,
almost 70% of the households responded that their heating stoves emit ash particles inside
the house and create indoor air pollution. In addition to this, more than 30% of households
reported health issues because of indoor air pollution (i.e., breathing problems, lung
problems, and asthma).
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Figure 13. Heating fuel expenditure during the heating period (the costs are calculated based on the
currency conversation rate in February 2020).

3.5.3. Cooking and Cooking Pattern

Respondents were asked about the cooking fuel type they use most frequently for
cooking. The results indicate that cooking pattern varies according to the season. As
mentioned in the previous section, a traditional heating stove can serve as a cooking
stove. Hence, more than 80% of households practice cooking on a traditional heating stove
during winter. In the other seasons, people like to switch to electric cooking. Apart from
an electric stove, Ochok is a homemade outdoor cooking stove operated by solid fuels,
mostly with coal and firewood. Figure 14 gives an impression of cooking patterns through
various seasons.

OElectric stove ®mOchok ®@Traditional heating stove

Winter

Spring

Summer

Autumn

0 20 40 60 80 100

Respondents in %

(b)

Figure 14. The identified cooking pattern according to season and cooking equipment (a) electric stove, (b) Ochok, and
(c) cooking with a traditional heating stove (N = 40).
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3.5.4. Hot Water Preparation

Most of the houses are not equipped with the domestic hydraulic setup as well as
not having an inbuilt shower room to use the hot water. However, they use hot water for
cooking, washing clothes, dishes, etc. The precise data on the consumption of hot water is
not known by the household as they fetch the water from the outside (i.e., well and river).
Therefore, no water meter is available to measure hot water usage. The way of heating
water varies from household to household according to their preference. Most households
use the combination of an electric kettle and a traditional heating stove to prepare the
hot water.

4. Capturing Energy Profile and Trajectory for a Sustainable Energy Transition

The previous chapter of the research article has provided a detailed overview of the
complex energy situation to meet the primary energy needs of high-altitude rural Kyrgyz
people. The rural population generally benefits less from economic and infrastructural
development than the substantial population cluster in urban areas. Because of that, the
rural population highly rely on the surrounding. Based on the above discussion, the energy
pattern was derived by summarizing the three pillars plotted in Figure 15.

Primary energy Usable Energy
sources energy form demand
Riparian

Self grown

coal mines

Firewood
Domestic space
heating demand
Coal
Domestic hot
water preparation
Residues
Domestic
cooking
Dried animal
Agriculture dung Domestic
lighting

Livestock

Electricity

National grid

Figure 15. Energy supply and consumption pattern of high-altitude rural Kyrgyz settlement: Solid line represents the direct
use, and dashed line represented the partial use (own illustration based on the on-site visit).
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The energy supply and consumption pattern clarify the catalogue of the energy
behavior of rural Kyrgyzstan. It is essential to understand the driving factors that drive the
household energy consumption pattern and/or are responsible for the traditional energy
approach. An inadequate energy-related analysis is a major impediment to decoding the
complex energy structure. In that regard, the introduced results can be adaptable to other
high-height rural communities as the energy circumstance is uniform. The derivation of
such factors helps to unlock the potential solutions to preserve the local ecosystems, which
are described consequently.

4.1. Driving Factors for Traditional Energy Approach

According to survey results, people would like to heat their homes from October to
March. This means that the heating season lasts for six months in the case study area. In
general, this is true for the whole of Kyrgyzstan. The household survey identified the
relation between income and heating period, which is explained subsequently. Because of
subzero temperature and snow-covered land, the agriculture process slows down during
the wintertime. The vegetation period is short, and the cultivation of the crops is always
challenging/difficult. As cold weather frequently hampers agricultural production, the
local farmers create less revenue, limiting their ability to afford the energy expenses.

During the winter period, the country cannot produce enough raw foods (i.e., vegeta-
bles, fruits, and grains) in cooperation with demand. In that case, Kyrgyzstan relies on the
neighboring countries to import food. Naturally, the imported items are costlier than the
ones own-produced; therefore, the winter is more expensive for Kyrgyz citizens than the
summertime. In addition to that, the coal demand is hiked because urban households who
are not connected with the district heating start using coal-operated low-pressure boilers
as well as electricity-based heating radiators. This situation is solely responsible for the
raising of the price of coal.

In addition, during the winter, the electricity supply is inconsistent and yields frequent
power shortages and/or voltage fluctuation. These circumstances lead rural people to use
the traditional approach to meet the primary energy needs. Energy price is an essential
factor that impacts the selection of energy sources to meet household energy. For example,
local biomass resources are readily available, while commercial energies are costlier for
rural households due to their low income. Hence, the energy cost plays a crucial role in the
selection of energy services. Naturally, the development of the legislative framework about
energy costs easily inspires the household energy consumption pattern. The previous
literature identified that the higher the energy price, the lower the acceptance among the
rural people [19,20].

To reduce the economic burden, villagers collect heating fuel or purchase and store it
whenever they have the financial capacity. The financial situation is more robust during the
summertime as the agriculture fields are in action as well as because of the active pasture
lands and livestock. Hence, 98% of households reported that they are trying to purchase
solid fuels in advance of the heating period. Figure 16 represents the interconnection
between monthly average temperature, heating degree days (HDD), and income status.
The income categories were developed based on the survey results.
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Season Winter Spring Summer Autumn
Month Dec Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov
Avg. temp (°C) | 10.29 | -13.9 | -10.18 | -0.26 8.5 1251 | 1563 | 17.18 | 17.69 | 13.83 7.08 0.05
HDD 913 1015 833 627 328 212 109 52 50 139 359 606
Income status Lowest / No income Low income Highest income Medium / High income

Figure 16. A generalized interconnection of income and heating period (for temperature and heating degree days, weather

data from Naryn city were utilized) (higher values are shown in red, and lower values are presented in green).

Apart from financial and climatic circumstances, the current building situation and
inappropriate construction techniques are key factors that lead to more solid fuel con-
sumption inside the houses. Since the independence of Kyrgyzstan 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. Between 1950 and 1960, energy
costs were low, and residential buildings were constructed with very little consideration of
energy efficiency. This can be considered as a historical imprint. In addition, the limited
transportation network to the remote settlements, the building material supply chain of
modern construction materials (such as perforated bricks, industry processed insulation
materials, etc.) has not yet reached the high-altitude rural settlements.

The majority of the building materials in Kyrgyzstan are imported from neighboring
countries (especially from Turkey, China, Kazakhstan, and Russia) to Bishkek. The building
material supply chain does exist in capital and urban areas. However, rural areas are not
profited because of their interior positions. Most of the houses are without any regard of
energy efficiency in the combination of cold climatic characteristics exposed least thermal
comfort inside the rural houses.

To maintain thermal comfort inside their houses, rural people mostly use coal in the
combination of firewood and cow dung. However, the high-altitude locations of such
communities make the coal supply/delivery difficult and costly. Irregular and costly coal
supply forces rural families (predominantly low-income households) to extract firewood
from the nearby riparian forests. Previous researchers have identified that overdependency
on the riparian forests leads to deforestation and mutilation of local ecosystems [2]. Family
energy behavior (decision making about selecting the energy sources), livelihood strategy,
and knowledge are also vital factors affecting household energy consumption. For instance,
low-income rural families tend to use noncommercial energy sources (low cost) because of
their local circumstances as well as limit their fuel expenditures to save money:.

As a corollary of high-altitude and remote locations, rural communities are not coupled
with the modern energy services which generally exist in capital and nearby areas. After the
economic collapse due to the dissolution of the Soviet Union, the major economic activities
were reestablished in the urban sites. However, the rural settlements were left behind. This
situation is responsible for less population density in high-altitude settlements.

The aforementioned factors have a high impact on energy demand, energy consump-
tion, and energy supply directly or indirectly. It is difficult to rank the factors for traditional
energy use/high dependency on the environment as they all are interlinked with each
other. To present the interconnection between factors, Figure 17 portrays the interrelation
of various factors. The listed factors and interrelation were plotted based on the opinion of
local people and experts (from energy, social, agricultural, and building fields) working in
Kyrgyzstan. It can be outlined from the expert opinion that geographical situation (high
altitude, remote location, and cold climate), seasonal income, limited money to spend on
electricity, absence of modern energy services, and current building stocks are substantially
accountable for the traditional energy approach.
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Figure 17. Factors influencing the traditional energy approach and the interrelationship (the greater

bubble size represents more connections).

The presented research further differentiated the derived factors into the stationary
and variable categories. The stationary (fix) variables are the ones that cannot be changed.
For example, the geographical characteristics, climatic profile, and demographics are not
changeable. Such factors have the same impact on the energy usage pattern. However, at
the same time, the variable factors such as building energy efficiency, solid fuel consump-
tion, energy services, etc., can be changed. For example, space heating demand in rural
areas is aggravated due to the absence of insulation parameters and inappropriate building
structures. This can be immediately reduced by implementing the insulation/energy effi-
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ciency parameters, which significantly affect energy supply. The derived variable factors
can be focused to develop a future strategy to improve rural livelihoods. The special
focus on the variable factors would help to substantially solve the classic energy issues of
high-altitude rural Kyrgyz communities. The derivation of the driving factors is critically
significant to outline and project the energy transition process, especially when it concerned
the rural settlements in Kyrgyzstan.

The scope of the energy transition is directly or indirectly connected to preserving
the ecosystems. Thus, a methodical explanation of the driving factors would be valuable
outcomes that offer the fundamental linkage between rural livelihoods and the provision
of modern energy services.

4.2. A Way to Environmental Sustainability: A Brief Overview

Access to modern and sufficient energy services is a critical component of achieving
the Sustainable Development Goals (Goal 7: Affordable and clean energy). A substantial
amount of conventional resources are abstracted at the country’s disposal. Besides the
conventional energy resources, Kyrgyzstan has great potential for variable renewable
energy sources such as solar, wind, and biomass energy. It was reported in the literature that
the employment of renewable energy to provide energy services could ensure sustainability
in Kyrgyzstan. However, there has been a significant shortage of renewable energy-based
energy generation and supply systems in Kyrgyzstan. Out of the other available untapped
renewable energy resources, solar energy is considered one of the pioneer sources. The solar
potential of Kyrgyzstan is almost 60% higher than in European countries [1,5,13,21,22].
However, the available vast energy resources are not exploited in favor of local rural
communities because of the limited infrastructure. It was also recognized that the current
energy policy with a low feed-in tariff is considered as one of the key barriers to developing
the renewable energy sector in Kyrgyzstan [5,13]. The sustainable pathway and energy
solution depend on various factors described earlier in this article.

In rural Kyrgyzstan, it is critical to assess whether a sustainable energy supply model is
both low cost and viable. Individual improvements (i.e., insulating the dwellings, installing
high-efficiency traditional heating stoves, and plantation of fast-growing trees for energy
supply) are likely to be less expensive than a classic community energy solution (i.e., DH
network). Naturally, any technical solution (such as incorporating a large share of solar
thermal into a community-owned heating plant, thermo-siphon systems, microdigesters for
biogas production, and so on) would always be costly (capital cost). Nonetheless, the local
circumstances particularly the low-income and restricted information can be a deterrent to
the sustainable energy adaption in Kyrgyzstan.

Thus, to leverage the sustainable energy transition, there is a requirement for a com-
prehensive arrangement that can address the social, economic, and technical issues by
considering the different factors introduced in the present article. Furthermore, the local
government needs to foster the fundamental components for the operation and conduction
of sustainable sources in terms of legal and economic aspects.

4.3. Potential Recommendations

Although a lot of research remains to be conducted, the present work generated
important findings in the field of energy-related information of the floodplain community.
The presented findings were derived from the on-site household survey, which provided a
complete picture of energy usage behavior from rural Kyrgyzstan. To integrate renewable
energies, it is essential to consider the following suggestions and recommendations which
are articulated as a key outcome of the household survey assessment.

Buildings are the highest energy consumers as they are built without any insulation
and proper construction techniques. Vernacular architectures yield to the high heat demand
of rural buildings. In that regard, introducing the energy efficiency measures (i.e., building
insulation and renovation based on thermal improvement) seems the promising solution
to reduce the heat demand of the houses. However, it is challenging to install more energy-
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efficient building features (such as draught-proof windows, insulation, reduced thermal
bridges, etc.) all at once for rural people due to their low income, limited and concentrated
supply chain of building materials, price of the building materials, and lack of knowledge
and expertise. The reduced heat demand opens the door for integrating renewable energies
in rural Kyrgyzstan.

As stated earlier, modern building materials are costly and rarely available for the rural
population. In that case, there is a need to identify the materials that are locally obtainable
and useful for improving the thermal energy efficiency of rural buildings. For example,
Mehta et al. [8] identified the effectiveness of various thermal insulation materials that are
available locally (i.e., sheep wool, reed panel, and straw bale) on the annual space heating
demand of a high-altitude single-family rural Kyrgyz house. The results demonstrated
that such materials have a substantial potential to reduce the heat demand drastically and
can be economically feasible as well. The introduction of sustainable materials helps to
save a considerable amount of space heating demand by up to 30% in the case of existing
houses and up to 70% for new houses in rural Kyrgyzstan. Such a selection of locally
available materials can make the communities independent in terms of improving the
thermal efficiency of the houses as it does not require one to depend on modern materials.
The thermal efficiency measure can solve the energy-related issues simultaneously. This
can be confirmed with the variable factors mentioned in Figure 17. Hence, one should
focus on the building energy efficiency topic to initiate the sustainable energy transition.

4.4. Limitations of the Study

The small sample size can be considered as the limitation of the presented study. In
addition, the prices for solid fuels frequently change in rural Kyrgyzstan. Additionally,
there were no exact measures available to identify the accurate solid fuel consumption of
households. Furthermore, the fuel consumption can be varied per heating season according
to the financial capacity of individual households. Despite those factors, the presented work
demonstrated the catalog of the energy profile of high-altitude floodplain communities,
which can be served as the solid base for designing any kind of energy supply system. The
multifaced energy-based household survey revealed the ground reality about the building
energy situations in the rural communities of Kyrgyzstan.

5. Conclusions

The floodplains ecosystems along the Naryn River are in the natural state, and their
ecosystems provide essential services to the local population. However, because of the
absence of modern energy services in the rural/interior areas of Kyrgyzstan, local people
are overexploiting the local ecosystems to extract their primary energy needs. In addition,
the overuse of solid fuels for house heating considerably contributes to indoor and outdoor
air pollution. To resolve the issue, the integration of renewable energy can provide a
multifaced solution as it can supply sustainable energy to local people and at the same
time help to reduce the progressive destruction from the regional ecosystems. This is one
of the key pathways to preserve the local ecosystems in Kyrgyzstan.

To incorporate renewable energies in any region, it is essential to understand the
energy usage behavior of the local people first. However, so far, there has been a research
gap about the energy identity of a typical floodplain community. To bridge the gap, the
presented research article illustrated the energy supply and consumption pattern of Ak-Tal
(a floodplain community) by performing the household survey. The article demonstrated
the in-depth assessment of the energy situation of the floodplain community by providing
comprehensive information about the building structure, occupant behavior, energy use,
energy supply, energy consumption, energy expenditure, thermal comfort, and potential of
energy efficiency.

The detailed overview helped to illustrate the energy identity of the floodplain com-
munity. It can serve as the solid base for designing the renewable energy-assisted supply
system to preserve the local ecosystems. In summary, the article recapitulates the important
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factors responsible for the traditional energy approach, which are immediately linked with
the use of resources from local ecosystems. The derived interrelationship of the various
drivers is the research significance of the presented study. The article concluded the mean-
ingful recommendations for the sustainable energy transition in rural Kyrgyzstan. Based
on their location and characteristics, the presented results can be partially transferable to
the other rural Kyrgyz communities.
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