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Abstract 

The increasing trend of air pollution in Kabul listed this city, one of the most polluted in the world. The air 

pollution in Kabul contrasting to other polluted cities in the world is seasonal pollution. According to some reports 

during the winter season as the demand for heating increases, the majority part of the households and industries 

in cities use biomass and low-quality fossil fuels to meet their energy demand. The increase of greenhouse gases 

(GHG) emissions due to the use of conventional energy resources, especially raw coal considered a serious threat 

to people's lives in Kabul. Due to the abundance of solar energy radiation and the simplicity of technologies, 

Solar Heating (SH) installation on the rooftop of houses is one of the most prominent solutions to minimize 

environmental impacts and air pollution related diseases in Kabul. The primary objective of this paper is to assess 

the potential of GHG reduction with the use of SH technologies in houses. Additionally, the impact of SH 

installation on non-renewable energy consumption and electricity bill reduction is deliberated in this paper as 

well. This study is supported by a public web-based survey, which is designed for municipal planned and non-

planned areas in Kabul city. The results of the study indicate, due to poor reliability of electric energy supply, 

most of the population in Kabul city rely on polluted energy sources to meet their primary demand. The study 

also points; housing sector in Kabul has the biggest portion of energy consumption, which is mainly used for 

heating purposes. Employing solar thermal technologies in households can significantly decline the utilization of 

coal and firewood, which in turn leads to a substantial reduction in GHG emissions. This study could be a good 

reference for the policymakers and investors in the field of green energy in Afghanistan. 
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1.  Introduction 

Kabul city is one of the fast-developing and 

densely populated cities in the world. Most of the 

people in Kabul city experiencing regular power 

outages throughout the year. During the winter as the 

power demand rise the load, shedding expands which 

mainly due to an increase in heating load. In this case, 

most people are compelled to consume alternative 
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sources of energy including gas, coal, and biomass to 

meet their primary demand [1]. 

The growing trend of Kabul city augmented the 

primary energy supply for alternative energy sources. 

Coal is the most prominent fuel among the others, 

which comprises the biggest share in greenhouse gas 

emissions. Households are the biggest coal and 

biomass consumer during winter in Kabul city and 

Over 70% of the household’s energy is used to heat 

space and water [1]. Covering a large portion with a 

solar system leads to energy as well as financial 

savings, which also have an essential impact on 

environmental pollution [2].  

1.2 Solar heating systems technologies 

Solar thermal energy is a suitable option for both 

heating and cooling applications. Solar thermal 

technologies are an environmentally friendly solution 

for applications such as domestic water heating, space 

heating, and pool heating, drying process, and certain 

industrial processes and applied in numerous projects 

worldwide. Solar heating systems can be broadly 

classified in two categories: (1) active solar systems 

and (2) passive solar systems. Active solar systems 

require electrically powered pumps or blowers to 

circulate the thermal transport fluids utilized by the 

system. Passive solar systems collect and utilize solar 

energy by natural means and do not involve the use of 

mechanical power to circulate the heat transport fluid 

[3].  

The Fig.1 represent a typical solar thermal system 

with its main components and the solar collectors’ 

types are described in the proceeding sections. 

 

 

Fig. 1. A typical solar thermal system [4]. 

Flat-plate-collectors 

These solar collectors have the biggest usage on 

the market and are a popular option for the application 

of domestic hot water production. Tube connection 

(coupling of the tubes with the absorber) issue is the 

most serious issue that affects the performance of the 

flat-plate collectors. This solar heating technology is 

mostly installed on a simple supporting structure and 

for the pitched roof; it is usually integrated with the 

sloped surface of the roof [2]. 

Evacuated tube collectors 

Evacuated Tube Collectors (ETCs) can achieve 

temperatures above 200°C. There are various types of 
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ETCs, and a typical collector is shown on Fig.2. ETCs 

are typically designed with parallel rows of twin glass 

tubes, with each inner glass tube containing a metal 

heat pipe attached to an absorber fin. The air between 

the two glass tubes is removed (or evacuated) to form 

a vacuum, which reduces conductive and convective 

heat loss [5]. 

 

Fig. 2. A typical solar thermal system [5].  

Solar air collectors 

Solar air collectors (SACs) are a type of solar 

thermal collectors that use solar radiation to actively 

deliver warm air into buildings. Typically deployed 

onto surfaces of a building with a southerly aspect, the 

technology has a proven record and great potential as 

an available and cost-effective means of space heating 

[6]. 

Afghanistan solar resource  

Afghanistan on average has 300 sunny days can 

take benefit from this bulk amount of solar energy by 

employing different technologies. Solar energy has the 

most potential among all renewable energy sources in 

Afghanistan, which is abundant and environmentally 

friendly. Afghanistan can potentially produce 220,000 

MW of solar power with 300 sunny days each year and 

can generate 6.5 kWh/m2. The southern and western 

parts of Afghanistan receive even more direct sunlight 

and can potentially generate 1022 KW/m2/year or 

more with the installation of concentrating solar power 

(CSP) which is indicated in Fig.3 [7]. 

 

Fig. 3. Solar radiation map of Afghanistan [7]. 

As the population is increasing the demand for 

water heaters and space heating technologies 

following the same trend. People are mostly using coal 

and wood for heating during the cold season. 

However, we cannot find any report to show that 

renewable energy consumption causes CO2 emissions 

[8]. From 2000 to the present people are tending to 

extend the use of renewable energy technologies, such 

as solar heating technology for buildings in Europe 

that people are developing building-integrated 

photovoltaic BIPV modules [9-11]. Solar heating 

technologies are mainly used for hot water and space 

heating purposes that are installed on the rooftop of 

buildings [12-14]. 

There are several papers to show that RET use 

will directly affect to reduce the greenhouse gas 

emissions as reported in [15]. The current 

conventional use of global energy use of fossils and 

other GHG-rich sources such as coal negatively affects 

people's lives, land, and culture; it is recommended to 

consider the people's concerns in highest priority [16]. 
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There is a direct relation between CO2 emissions and 

the financial resources of people [17]. 

[18] Reports that people in Pakistan are using 

natural gas as an energy source for cooking and water 

heating purposes. The use of solar water heaters 

instead that of domestic water heaters can reduce the 

demand for natural gas and can help the green 

environment and reduce the GHG emissions of the 

environment. Since the conventional energy, sources 

are causing damages to human lives. Lawyers for the 

related public-private organizations are responsible for 

continuously warn customers about the damages due 

to the emissions of GHGs and climate change, and 

therefore, they need to be well aware of these risks 

[19]. 

The solar heating technologies are not effective 

for long distances; however, it is very effective if used 

close to the buildings [20]. 

2.  Research questions 

To achieve the objectives of this research, we 

have to meet the following research questions. 

Research question 1: How much is the potential 

GHG reduction if solar heating technologies are used 

in residential housings? 

This research will assess the potential of GHG 

Reduction with the use of Solar Heating (SH) 

Technologies in residential houses to provide water 

and space heating demand. 

Research question 2: How much would the 

demand for non-renewable energy sources will 

decrease with the installation of solar heating 

technologies? 

The impact of the installation of solar heating 

technologies on the public use of non-renewable 

energy resources in residential houses will be 

evaluated in the research. 

Research question 3: How much would be the 

savings of electricity consumption, when the solar 

heating technologies are used in residential houses. 

3. Methodology 

The primary research method for this study is a 

literature review and web-based survey. The web-

based questionnaire was modeled based on the 

objective of the research, which targeted the 

population in Kabul city. The survey was conducted 

between September and November 2020 and the data 

for the results were selected through a random 

sampling process. The questionnaire with an option to 

prevent participant’s duplication reply was developed 

in Google Docs platform and was disseminated using 

various communication networks including email, 

social media, and messaging apps. 

The questionnaire was designed to collect data 

with 13 questions. Questions 1 to 5 have asked 

demographic data to declare the number of people per 

family, the number of rooms for space heating, rooftop 

areas, urban/rural areas, and the districts they live. 

Questions 6 to 8 collected data for main energy sources 

for hot water demand, family average hot water 

demand, and main energy resources for space heating. 

Questions 9, 10, and 11 asked about family average 

monthly electricity, coal, and wood consumption 

respectively. The last two questions 12 and 13 asked 

about the number of coal-fired stoves and electric 

boilers the family use during the winter season. We 

used simple percentage calculations for the analysis of 

collected data. 
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4. Results 

4.1  Demographic characteristics 

The number of participants in the survey was 

overall 128 individuals where each of them 

representing one family. The survey contains a 

question to distinguish participants living location in 

Kabul city. The Kabul city was considered in six 

geographical zones where each zone comprising 

multiple municipal districts. Table 1 summarize the 

characteristic of the participants based on their 

location.

 
Table 1:  Location versus the number of participants 

Location Characteristic Frequency Percentage (%) 

Western Parts of Kabul City 38 29.69 

Eastern Parts of Kabul City 12 9.38 

Southern Parts of Kabul City 16 12.50 

Northern Parts of Kabul City 21 16.41 

Central Parts of Kabul City 19 14.84 

Neighboring districts of Kabul City 22 17.19 

Total 128 100 

Although the survey was designed for those who 

live in Kabul city, however, according to the results 

17.2% of the respondents were living in neighboring 

districts of Kabul city. The questionnaire comprises 

demographic-related questions to find out the number 

of persons per family in Kabul city. Table 2 shows the 

respondent's family size and their frequency in Kabul 

city from different geographical zones. 

Table 2:  Frequencies of participants according to number of individuals per family 

Number of Individuals Per Family Frequency Percentage (%) 

Twelve Persons 28 21.88 

Ten Persons 2 1.56 

Six Persons 2 1.56 

Nine Persons 30 23.44 

Three Persons 10 7.81 

Five Persons 34 26.56 

Seven Persons 22 17.19 

Total 128 100 

According to the above results, the average 

number of individuals per family is 7.75, which can be 

as round as eight and taken as a reference number to 

estimate the total number of families in Kabul city.  

 

 

4.2  Characteristics of Kabul city households  

The survey includes queries pertinent to the 

physical characteristics of the participant's house to 

determine the number of rooms to be heated during 

cold seasons. Table 3 summarizes the participant’s 

number of rooms that are heated throughout winter. 
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Table 3:  Number of rooms for heating in households and its frequencies 

Number of rooms to be heated Frequency Percentage (%) 

1 Room 44 34.38 

2 Room 30 23.44 

3 Room 16 12.50 

4 Room 28 21.88 

5 Room 10 7.81 

Total 128 100 

As the results show, the majority of the 

population in Kabul city not heating more than two 

rooms in their houses which may be due to the 

economic affordability of the people to purchase  

heating fuels. Table 4 shows the estimated rooftop 

area of the houses in Kabul, which is imported to 

know for SH technology installation. 

Table 4:  Participants households’ rooftop area and its frequencies 

Estimated rooftop area Frequency Percentage (%) 

100 m2 42 32.81 

150 m2 32 25.00 

200 m2 42 32.81 

>= 300 m2 8 6.25 

Apartment no rooftop 4 3.13 

Total 128 100 

The above results provide information for the 

technical feasibility of SH systems installation at 

residential houses in Kabul city. According to the 

above findings, only a small percentage of the Kabul 

population resides in apartments and most of the 

family living in flat houses which have sufficient free 

space on their rooftop for SH installation. 

4.3  Main fuels for heating in Kabul city 

Due to the shortage of electric energy in Kabul 

city during the cold season, the majority of their 

population utilize other sources specifically raw coal 

and woodfire to satisfy their energy demand for 

heating purposes. The following illustrates the 

monthly usage of each of these fuels and its frequency 

among the participants during the cold period. 

From the findings in Fig.4, the average coal and 

woodfire monthly consumption per family in Kabul 

city estimated is 1.1 and 0.55 ton respectively. This 

value has been used as a reference to estimate the total 

monthly GHG emissions caused by mentioned fuels 

during the cold season in Kabul city.
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Fig. 4. Average Monthly Coal & woodfire Consumption per Family

 

Fig. 5. Average Monthly GHG Emission per Family due to in Kabul city

As the results in Fig.5 indicates, carbon dioxide 

has the highest potion in GHG emissions among all 

heating fuels in Kabul city during winter. The average 

number of individuals per family was estimated from 

the survey findings and the total family number in 

Kabul city was then calculated by dividing the Kabul 

population by the calculated individual per family. 

As per the questionnaire results, the monthly 

average fuel consumption for coal and wood 

consumption was determined. Based on the calculated 

monthly fuel consumption, the total number of 

families, and the emission factor for both coal and 

wood, the greenhouse gas emission was calculated 

which is summarized in Table 5. 
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Table 5:  GHG Emission Reduction by Employing SH in Residential Housing in Kabul City. 

Estimated Kabul Population (2020) 4,273,000.00 

Average Persons in Each Family as per finding (Person) 8.00 

Total Average Estimated Number of Families in Kabul city 534,125.00 

Average Monthly Wood Consumption per family in the cold season (Kg) 503.20 

Average Monthly Coal Consumption per family in the cold season (Kg) 970.97 

Total estimated monthly wood consumption in Kabul city during the cold 

season (ton) 

268,773.86 

Total estimated coal consumption in Kabul city during the cold season (ton) 518,619.97 

Total Estimated Monthly CO2 Emission due to wood consumption (ton) 816,461.21 

Total Estimated Monthly CO2 Emission due to coal consumption (ton) 1,575,425.16 

Total Estimated Monthly CH4 Emission due to wood consumption (ton) 71.85 

Total Estimated Monthly CH4 Emission due to coal consumption (ton) 138.64 

Total Estimated Monthly N2O Emission due to wood consumption (ton) 10.45 

Total Estimated Monthly N2O Emission due to coal consumption (ton) 20.17 

Total Estimated Monthly GHG Emission due to coal & woodfire (mton) 2.39 

4.4  Electricity saving potential 

Per capita, electricity consumption in 

Afghanistan averages 186 kilowatt-hours (kWh) per 

year, which is far below the global average of 3,126 

kWh (ESMAP. 2017). We assume this amount is the 

same for Kabul city during the winter, during one 

month approximately 46362 Mwh of electrical energy 

can be saved as shown in Table 6. 

 

Table 6. Electricity Saving Potential by employing SH technologies in Kabul city households 

Annual per capita average electrical energy consumption (kwh) 186 

Monthly per capita average electrical energy consumption (kwh) 15.5 

Monthly per capita electricity consumption for heating {taken 70%} (kwh) 10.85 

Number of persons per family {from results} (number) 8 

Average monthly electricity consumption per household (kwh) 86.8 

Total Average Estimated Number of households in Kabul city 534125 

Approximate monthly electricity saving for whole Kabul city (Mwh) 46362.05 
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5.  Conclusion and recommendation 

The purpose of this study was to evaluate the 

impact of the installation of solar heating technologies 

on the public use of non-renewable energy resources 

in residential houses. A web-based survey was 

conducted to examine the usage of CO2 rich energy 

resources for heating purposes in residentials. Despite 

the results of the study designates on average there is 

eight individual per family at Kabul city however, our 

results show that, most of the families heating two 

rooms in their dwellings. Moreover, the study shows 

due to the unreliable supply of electricity by the utility 

company in Kabul city, the people are obliged to use 

other polluted sources for heating during the cold 

seasons. The results demonstrate during the cold 

seasons, on average each family monthly produces 

4062 kilograms of greenhouse gases (CO2, N2O & 

CH4) and concerning this value, approximately 2.39 

mton of GHG emits in one month during winter.  

As per the energy consumption behavior and solar 

resource availability, the application of solar heating 

technology in residential housing is technically 

feasible in most households in Kabul city. However, 

this requires more detailed technical investigation 

including sustainability of SH systems specifically 

during the harsh cold weather and cloudy periods in 

winter. Additionally, the economical viability of this 

technology for Kabul city family’s needs to be 

calculated.  
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