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Abstract: 14 

This study investigates household fuel use, and its potential impacts on household energy practices and indoor air 15 
pollution in Syrian refugee camps. It covers the challenges faced by over a million displaced Syrians in 1,293 refugee 16 
camps, focusing on the scarcity of fuels for heating and cooking and the consequent health risks due to indoor air 17 
pollution. A mixed methods approach was utilized, combining questionnaires from a sample of 439 participants, 75% 18 
of them displaced, indoor air quality monitoring across 14 dwellings and in-depth interviews from 20 homes. The 19 
houses monitored were a mixture of apartments, tents, stone cement and containers; with fuel types ranging from 20 
diesel, coal and LPG to wood, olive husk and nut shells. The analysis reveals a significant correlation between the 21 
use of solid fuels in households and lack of ventilation with the increase in indoor air pollution, with maximum PM2.5  22 
concentrations above 114 µg/m³ and maximum TVOC concentrations above 1200 ppb, well above recommended 23 
threshold values. This is supported by 36% of participants reporting health issues, highlighting substantial health 24 
risks associated with these practices. It also demonstrates the influence of dwelling typology and ventilation in 25 
thermal comfort and indoor air pollution, with containers performing the worst, reaching maximum CO2 levels above 26 
5000 ppb. The paper underscores the pressing need for improved energy solutions and better quality of homes in 27 
refugee camps to enhance living conditions and reduce health hazards. The research provides valuable insights into 28 
the intersection of energy use, environmental conditions, and human health in conflict-affected and resource-limited 29 
settings, offering a foundation for informed policy-making and targeted interventions to improve living conditions. 30 
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1. Introduction 32 

As a result of the Syrian war, which began in 2011, there have been large numbers of refugees with most 33 
of them concentrated in northwest Syria. In August 2020, the total number of refugee camps in northern 34 
Syria was 1,293, accommodating 1,043,869 displaced Syrians; this included 282 unofficial camps 35 

 
* Corresponding Sohayb Abdulkerim 
   Email: karim@gantep.edu.tr 



accommodating 185,557 displaced people (Yosef, 2021). The area experiences high temperatures 36 
approaching 40ºC during summer, with winter temperatures falling close to 0ºC. In these circumstances, 37 
securing access to safe and sustainable energy sources for heating and cooking is essential for human 38 
wellbeing, but also hugely challenging. In Syria, NGOs have assisted by providing a variety of stoves and 39 
fuels as an emergency solution (United Nations Higher Commissioner for Refugees, 2023), but these may 40 
have unintended consequences on indoor air pollution and human health. The type of fuels provided range 41 
from diesel and Liquefied Petroleum Gas (LPG) to biomass, such as olive pomace pellets and briquettes, 42 
hazelnuts and pistachio-shells. Biomass fuels, in particular, are regarded as indicators of energy poverty, as 43 
they represent the lowest rung on the energy ladder (Roser, 2021; iMMAP, 2022; Serdaroglu Ela and Moore 44 
Brett, 2022). This has significant impacts on poverty and human productivity, public health, gender and 45 
education issues, and contributes to environmental degradation (Pachauri and Spreng, 2011; Sovacool, 46 
2011; González-Eguino, 2015).  47 

There is an association between household fuel type and Indoor Air Pollution (IAP) (Sovacool, 2011; Dhital 48 
et al., 2022). Although there is considerable research into the effects of household fuel on indoor air quality 49 
and health (Ezzati and Kammen, 2002; Odo, Yang and Knibbs, 2021; Adekoya et al., 2022; Nix et al., 50 
2022; Zhu et al., 2022), there is little research and coverage regarding the impact of energy choices for 51 
space heating and cooking on indoor air quality in the context of Syrian refugee camps. This represents a 52 
significant gap in scientific research. Most of the environmental studies about refugee camps focus on 53 
environmental health, with areas such as indoor air quality (IAQ) being understudied (Shackelford et al., 54 
2020). Fuel use in refugee camps depends on variables such as location, existing stove type in a household, 55 
and the local price of fuel (Serdaroglu Ela and Moore Brett, 2022; Neves, Baptista and Pires, 2021), with 56 
occupants often having little choice despite compelling evidence on the association between household 57 
solid fuel type and IAP (Sovacool, 2011; Dhital et al., 2022). 58 

Recent studies have analysed the impact of fuels for heating and cooking in IAP and occupant health in 59 
refugee camps (Fisk, 2017; Kik, Bukowska and Sicińska, 2020). Elbayoumi and Albelbeisi (2023) found 60 
that common fuels like wood, coal, and cardboard caused nasal irritation, headaches, and dizziness among 61 
families in Gaza's Al-Maghazi refugee camp. Albadra et al. ( 2020) found high levels of pollutants (VOC 62 
and PM) across various shelter designs, climates, and cultural settings in displacement shelters across Peru, 63 
Ethiopia, Djibouti, Jordan, Turkey, and Bangladesh. Kurtuluş and Can (2021) discovered that exposure to 64 
pollutants from burning wood and coal were linked to delayed tuberculosis diagnosis and more severe 65 
disease forms among refugees in the Middle East.  66 

Despite finding studies on IAP in emerging countries and refugee camps, characterized by limited fuel 67 
choices and poor dwelling conditions, there is a significant knowledge gap about IAP in the context of 68 
Syrian refugee camps. Only some local news agencies have reported residential heating systems causing 69 
general health problems in northern Syria and the black smoke covering the camps exacerbating asthma for 70 
the refugees (Alamal, 2021), but further systematic investigation is required to fully understand this 71 
phenomenon and its consequences. This study directly addresses this research gap, by investigating 72 
household fuel use and energy practices in Syrian refugee camps and their impact on indoor air pollution. 73 
In doing so, we contribute to furthering knowledge on the causes and consequences of energy poverty in 74 
the Global South, with the purpose of informing political action to address this pernicious problem. The 75 
research aims to address the following research questions: 76 

1. What types of fuel are currently used to power homes and camps in Northern Syria, and what are 77 
the reasons behind this? 78 



2. What are the effects of current fuel use practices on thermal comfort, air quality and the health of 79 
residents? 80 

A multifaceted methodological approach has been used combining household questionnaires, in-depth 81 
interviews, and indoor air quality measurements. This triangulated strategy allows us to provide a deep and 82 
comprehensive understanding of the problem. The study provides new insights into the research on 83 
household energy practices and the direct consequences relative to IAP, shedding light on potential misuse 84 
of fuels and their harmful and dangerous consequences. 85 

2. The impact of air pollution on health 86 

Poor air quality is a growing problem for citizens globally. There is strong evidence that air pollution can 87 
have serious and detrimental impacts on people’s health, wellbeing and ability to undertake activities. Air 88 
pollution is the first environmental cause of premature deaths in the world today, especially in urban areas 89 
(Landrigan et al., 2018), with some exceeding the safe limits determined by World Health Organisation. 90 
According to WHO, the recommended safe limits are an annual mean of 10 µg/m³ and a 24-hour mean of 91 
25 µg/m³ for PM2.5, and an annual mean of 20 µg/m³ and a 24-hour mean of 50 µg/m³ for PM10 (Chen et 92 
al., 2018; Morhulova et al., 2018; World Health Organization, 2022). Indoor air pollution (IAP) can be 93 
particularly severe as indoor concentrations of some pollutants are often 2 to 5 times higher than typical 94 
outdoor concentrations  (EPA, 1987), yet we spend 90% of our time indoors (Klepeis et al., 2001). Energy 95 
use is a leading cause of IAP; burning solid fuel produces Particle Matter (PM), while burning fossil fuel 96 
produces gaseous pollutants (e.g., CO, SO2, NOx, VOCs, O3) (El Morabet, 2019). In addition, IAP is 97 
especially harmful for vulnerable groups (Patel et al., 2009). Exposure to IAP from solid fuel causes adverse 98 
health effects. Smith et al. (2014) reported that IAP had caused 3.9 million early deaths and 4.8% of lost 99 
healthy living in 2010. Each year, 3.2 million people die prematurely from illnesses attributable to IAP 100 
caused by solid fuels and kerosene used for cooking (World Health Organization, 2023). Pollutants emitted 101 
by fuel combustion have a direct effect on respiratory systems and cause haematological problems and 102 
increased risk of cancer (El Morabet, 2019), higher risk of depression (Du et al., 2022), risk of being 103 
overweight and obese across different life periods (Shi et al., 2022) and greater morbidity in cystic fibrosis 104 
(Carson et al., 2022). Xing et al. (2016) found that the smaller particles can enter the respiratory system and 105 
cause more severe symptoms and increase disease rates. In this line, Hvidtfeldt et al. (2019) found an 106 
association between exposure to PM2.5, PM10, Black carbon, NO2 and cardiovascular disease mortality, 107 
whilst Mohapatra et al (2018) proved that exposure to PM2.5 and PM10 causes direct health problems such 108 
as nose and eye irritation. Similarly, Fu et al. (2019) identified a clear association between PM2.5 exposure 109 
and neurological diseases, such as stroke, dementia, Alzheimer's disease, autism spectrum disorder, 110 
Parkinson's disease, and mild cognitive impairment. IAP exposure has been also associated to an increased 111 
risk of low birth weight and stillbirth (Williams et al., 2016) (Flanagan et al., 2022). 112 

3. Methodology 113 

A mixed methods approach was used for understanding energy practices in refugee camps in Northern 114 
Syria. Quantitative data was obtained from indoor air quality monitoring in a selection of homes, alongside 115 
questionnaires. Qualitative data was obtained from interviews and questionnaires. Semi-structured 116 
interviews were used for obtaining in-depth insights into families’ energy utilization behaviours, 117 
particularly focusing on space heating and cooking practices. To complement the depth of the interviews 118 
and the precision of air-quality measurements, questionnaires were deployed to capture broader data from 119 
a larger sample of the population. 120 



3.1. Semi-Structured Interviews 121 

Semi-structured interviews were undertaken with 20 families in Northern Syria, (Table 1). Existing peer-122 
reviewed publications state that a sample of around 20 interviews (or less) is sufficient to reach data 123 
saturation in qualitative studies (Hennink and Kaiser, 2022), especially when triangulated with large-sample 124 
quantitative data as we do in this paper. The sampling strategy sought diversity particularly in household 125 
living conditions, with the final sample including those living in conventional houses, tents, and containers, 126 
also reflecting different ventilation systems. Variables such as fuel type, heating system, gender dynamics 127 
and internet access were also considered in selecting the participants. This strategy enabled a varied sample 128 
that captured a wide spectrum of perspectives and experiences (including health). To maximize reach and 129 
diversity, recruitment was facilitated through a dedicated website and amplified through networks in Syrian 130 
universities, effectively engaging a mix of graduate and undergraduate students.  131 

The interview instrument encompassed a variety of questions categorized into four main areas. These 132 
included inquiries about the location and type of residence, probing details like geographical location, 133 
dwelling type, size, construction materials, ventilation, and windows. The second category focused on 134 
heating and fuel, delving into the types of heating systems used, fuel types, system safety and suitability, 135 
fuel consumption patterns, and the accessibility of these fuels. The third section addressed demographics 136 
and health impacts, gathering information on household composition, the prevalence of respiratory diseases, 137 
and the health effects of heating systems and fuel types. Lastly, the interview sought participants' 138 
suggestions for resolving issues related to their heating or cooking systems and the fuels used. The complete 139 
list of interview questions is provided as supplementary material. 140 

All interviews were conducted online via Zoom and audio recorded and then transcribed. During data 141 
analysis, the transcriptions were initially read to comprehend the collected data. This was followed by the 142 
data aggregation and coding phase, where the data was organised into specific categories to facilitate 143 
analysis. Based on the study’s research questions main themes such as types of fuels and energy sources, 144 
health and indoor air quality (IAQ), economic and social impacts and energy practices and adaptations were 145 
identified. 146 

Ethical approval was obtained from the Cara ethical committee, ensuring complete confidentiality of 147 
participant data. Interviews were conducted after obtaining signed informed consent forms, with assurances 148 
that any personal information would be anonymised and deleted after the research outputs derived from the 149 
data have been published. 150 

Table 1: List of dwellings and fuel types for interviewed households 151 

Health Impact Resident perception 

of ventilation 

quality 

Heating System Type of Fuel Used Type of Housing Interview 

Code (R) 

No health impacts 

mentioned 

Good Wood stove Olive wood, nylon, 

Russian coal 

House R1 

No health impacts 

mentioned 

Good Wood heater Wood House R2 

No health impacts 

mentioned 

Poor - no windows Wood heater Coal, fabric scraps, 

plastic 

Unfinished 

House 

R3 

No health impacts 

mentioned 

Only windows Traditional diesel 

heater 

Refined diesel Multi-story 

House 

R4 

No health impacts 

mentioned 

Good Wood heater Coal, cardboard, 

nylon, shoes 

Standard House R5 



Health Impact Resident perception 

of ventilation 

quality 

Heating System Type of Fuel Used Type of Housing Interview 

Code (R) 

Wood usage caused 

whooping cough for 

the small daughter 

Good Coal heater, 

pistachio shell 

heater 

Wood, coal, 

pistachio shells 

Multi-story 

House 

R6 

No health impacts 

mentioned 

Only door Coal heater Stone coal, berin, 

olive wood 

Regular Tent R7 

Children have 

hereditary asthma 

Good Pistachio shell 

heater 

Pistachio shells Stone House R8 

Cold and cough 

from the cold 

weather 

Good with humidity Coal heater Stone coal, berin, 

nylon 

Stone House R9 

No health impacts 

mentioned 

Good with two 

directions 

Diesel heater Refined diesel Multi-story 

House 

R10 

Allergic cough Good but windows 

are not opened due to 

cold and polluted air 

Pistachio shell 

heater 

Pistachio shells, 

wood, berin, nylon 

Stone House R11 

Asthma, allergies No ventilation Diesel heater Diesel, coal, 

pistachio shells 

Multi-story 

House 

R12 

Cough and 

shortness of breath 

Good Coal heater Stone coal, 

pistachio shells, 

nylon 

camp R13 

Allergic cough Excellent Coal heater Coal, wood, berin, 

nylon 

Stone House R14 

No health impacts 

mentioned 

Good but humid Coal heater Wood, coal Stone House R15 

Cough and other 

respiratory diseases 

Good but windows 

are not opened due to 

rain 

Wood heater Wood Stone House R16 

Cough and other 

respiratory diseases 

Poor, only a balcony Coal and wood 

heater 

Wood, coal Stone House R17 

No health impacts 

mentioned 

Poor, no glass on 

windows 

Diesel heater Refined diesel Camp R18 

Children are sick all 

winter 

Poor, tent has only a 

zipper 

Coal heater Coal, wood, berin Tent R19 

Children are sick all 

winter 

Poor, tent has only a 

zipper 

Coal heater Coal, wood, berin Tent R20 

 152 

3.2. Air-Quality Measurements 153 

Indoor air quality was monitored across 14 dwellings using UHoo air quality monitoring devices. The 154 
selection of the dwellings was based on various criteria, including the types of fuel used, internet 155 
availability, and overall accessibility. The UHoo sensors measure the following parameters: temperature, 156 
humidity, PM2.5, CO2, CO, NO2, O3, TVOC, and air pressure. They require internet connection for data 157 
transmission, with data being logged in the cloud. Reliable internet connectivity was established using two 158 
send-and-receive WiFi dishes, a common practice in Northern Syria. 6 devices were procured for this 159 
activity. To ensure data reliability, each device (labeled A1 to A6) was tested for a minimum of 24 hours 160 
in a standard residential apartment (author's apartment) before deployment. During this testing phase, the 161 
devices recorded data under controlled conditions using an advanced floor heating system with a closed-162 
loop control. The temperature readings showed minimal fluctuations, indicating the accuracy of the devices. 163 



Additionally, particulate matter (PM2.5) measurements from the devices were cross-verified with a 164 
calibrated Arçelik air-filter device, which actively monitors and filters PM2.5 levels. 165 

The data logging process started on 15 March 2022 and lasted for 4 weeks. All dwellings were monitored 166 
at least for 10 days. Most of the dwellings contained only one room, which was used for all activities, and 167 
the devices were installed in these single-room dwellings. In multi-room dwellings, the devices were 168 
installed in the living room. The devices were installed at least 1.5 meters high and out of children's reach. 169 
Although participants of the 14 homes agreed to both install measurement devices and participate in 170 
interviews, only 6 of the 14 dwellings also participated in the semi-structured interviews in the end. This is 171 
due to a subset withdrawing their consent for the interviews at the stage where voice recording was involved, 172 
a key component of the interview process. A list of the dwellings where measurements/interviews were 173 
conducted is presented in Table 2 . The table includes detailed information such as the type of fuel used, 174 
the number of occupants in each dwelling, the volume size in cubic meters (m³), and the dates marking the 175 
start and end of the recording period. Some pictures are included for context, apart from the dwellings where 176 
participants did not authorise photos to be taken. 177 

Table 2: Dwelling and fuel types selected for measurements 178 

House 

code 

Interview 

code Fuel type Dwelling type occupants 

Volume 

m³ 

Logging 

start: 

Logging 

End: 

A1.2 R1 Coal Apartment ground floor 8 40 3/5/2022 3/15/2022 

A1.3 

- 

 
Diesel - second class 

 
Apartment 1st floor 7 40 

3/15/2022 3/30/2022 

A2.2 R4 Diesel Apartment 3rd floor 5 55 3/5/2022 3/15/2022 

A2.3 

- 

  
Olive husk briquettes and 

coal 
 

Tent 5 30 

3/20/2022 3/31/2022 

 A3.2 

R8 

 Pistachio 

and huzelnuts shell 
 

Stone cement 5 50.4 

3/4/2022 3/12/2022 

A3.3 - Wood + olive husk Stone cement 9 34.2 3/21/2022 3/29/2022 

A4.2 

- 

  
Diesel  container 5 20.7 

3/4/2022 3/14/2022 



House 

code 

Interview 

code Fuel type Dwelling type occupants 

Volume 

m³ 

Logging 

start: 

Logging 

End: 

    

A4.3 

- 

  
Diesel 

 
ceiling several layers from 

fabric made out of cotton or 

linen and Nylon 6 25.3 

3/19/2022 3/27/2022 

    

A4.4 
- 

Diesel container 4 22.5 
3/27/2022 3/31/2022 

    

A5.2 
R19 

coal+olive husk container 5 20.7 
3/6/2022 3/16/2022 

    

A5.3 

R18 

  
Diesel 

  
ceiling several layers from 

fabric made out of cotton or 

linen and Nylon, cement-

block-walled 5 16.5 

3/19/2022 3/24/2022 

    

A5.4 

R20 

 
olive husk briquettes and 

wood log 

 tent 

from fabric 7 19.8 

3/27/2022 01/04/2022 

    

A6.1 
- 

LPG Container level2 3 34.5 
03/03/2022 20/03/2022 

    

A6.2 

- 

  
LPG Container 6 20.7 

3/20/2022 01/04/2022 

 179 

Data was recorded every minute using six devices numbered from 1 to 6, resulting in a maximum of 1440 180 
records per day for each device. Some dwellings required up to 17 days of recording, not only due to 181 
intermittent internet and electricity but also to ensure accurate recording by relying on averages rather than 182 
single recordings and to avoid capturing non-routine behaviour in the dwellings. The datasheet was coded 183 
to identify the device and dwelling; for example, 'A1.2' means device number 1 installed in house number 184 
2, and 'A6.3' means device number 6 installed in house number 3. 185 

The data logged by the six devices was downloaded in CSV format and imported into Excel for cleaning 186 
and analysis. VBA code was used to remove duplicate records and empty rows. Since each of the six devices 187 
was used to record data from multiple dwellings (some for two houses, others for three), it was necessary 188 
to split the data into separate tables based on the date and time of re-installation in different dwellings, 189 
resulting in a total of 14 sheets. 190 



To capture the average daily routine, the date was removed from the date_time field, leaving only the time 191 
in minutes. Each day was treated as 1440 minutes. Data from all days for each house was sorted by minute, 192 
and the average for all parameters at each minute was calculated, resulting in 1440 rows. By plotting the 193 
variations of parameters over 1440 minutes (24 hours), the resulting curves provided a better understanding 194 
of the daily heating routine and its impact on air quality. This allowed for the evaluation of various factors, 195 
such as dwelling type, fuel type, and heating system operation, on indoor air quality. 196 

UHoo air quality safety thresholds were used to better understand exposure levels, (Table 3). The thresholds 197 
used are set inside the uHoo app and these are based on US EPA, the World Health Organization (WHO) 198 
and the Occupational Safety and Health Administration (OSHA) standards. 199 

Table 3 Air quality safety thresholds 200 

 Temperature 
[C] 

PM2.5 
[µg/m³] 

TVOC 
[ppb] 

CO2 
[ppb] 

CO 
[ppb] 

Humidity 

Comfortability limit 18 - 10 50 - 100 400 - 800 800 - 1500 9 - 35 40% 
Dangerous limit  10  100  800  1500  35 60% 

 201 

3.3. Questionnaires 202 

Questionnaires tried to capture data from a large sample of the population. They were created in 203 
Kobotoolbox and distributed using social media and university networks. The total number of unique 204 
responses was 439. To assess the survey’s reliability, Cronbach's Alpha coefficient was used, a statistical 205 
tool that measures the internal consistency and trustworthiness of the data by evaluating how closely related 206 
a set of items are as a group. Cronbach’s Alpha values range from 0 to 1, with values closer to 1 indicating 207 
higher reliability. In this study, a Cronbach's Alpha value of 0.79 was obtained, signifying good consistency 208 
and reliability, which suggests that the survey results are dependable and credible for drawing accurate 209 
conclusions. 210 

The questionnaire comprised 22 main questions, each designed to gather specific information about the 211 
living conditions and energy usage of households in Northern Syria. These questions were further 212 
subdivided into more detailed sub-questions, allowing for a comprehensive understanding of various 213 
aspects such as dwelling type, family demographics, health issues, fuel types used for heating and cooking, 214 
and the availability of resources like solar panels and hot water systems (The complete list of Questionnaires 215 
is provided as supplementary material). To ensure accurate statistical analysis of survey data using SPSS, 216 
advanced preparation and cleansing steps were implemented. This included removing duplicates by 217 
matching demographic details such as names and phone numbers, which reduced unique responses to 439. 218 
After cleansing, an exploratory analysis was conducted to identify patterns, followed by main statistical 219 
analyses. The survey data, coded and analysed, offered quantitative insights that complemented the 220 
qualitative findings from the interviews. 221 

4. Results and discussion 222 

4.1. What types of fuel are currently used to power homes and camps in Northern Syria, and what 223 
are the reasons behind this? 224 

Demographic data from the questionnaires was analysed to understand location of participants and type of 225 
dwelling tenure (see Figure 1). 70.2% of the responses were from Idlib province, while 29.8% were from 226 
Aleppo province (see Figure 1-(a)). In terms of ownership, only 25% of the families owned their dwellings, 227 
while 43% of participants were tenants and 32% were living in refugee camps. This reflects that the 228 



majority, as high as 75%, of the participants, are displaced. This is supported by the graph of residence 229 
duration in the last dwelling, which shows that 136 out of 439 families (31% of respondents) moved to their 230 
current home in the last two years, coinciding with the date when the largest wave of displaced Syrian 231 
occurred, from December 2019 to February 2020 (UNICEF, 2020) (Thenationalnews, 2021). 116 families 232 
(26% of respondents) moved to their current dwelling in the last 3-4 years, while 13% of respondents moved 233 
7 years ago, a long period for people living in refugee camps. 234 

 235 

(a) Geographical distribution of 

participants 

 

(b) Participant’s dwelling (tenant, 

owner, refugee camps) 

 

(c) Duration of Residence  

in Last Dwelling 

  
Figure 1a-c: Geographical and Household profile of questionnaire participants 

Figure 2 shows the proportion of different energy sources used for domestic heating and cooking among 236 
the questionnaire respondents. Wood is the predominant fuel, accounting for 30%. Coal and pistachio 237 
constitute each around 16% of total use. Notably, electricity accounts for less than 6% of heating fuel. 238 
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Overall, the vast majority (93.3%) of households are using some form of solid fuel (wood, coal, pistachio 239 
shells, clothing, olive pellets, or plastics) as their main heating source. 240 

  
Figure 2a and 2b: Breakdown of the major energy sources used for domestic residential heating (a) and cooking (b) in 241 
northern Syria 242 

For cooking, LPG was the most commonly used fuel among the respondents (40%), with biogas second 243 
with 18.8% of respondents (see Figure 2b). Notably, a larger proportion of respondents used electricity for 244 
cooking (11.7%) in comparison to space heating, but this still represents a small minority of people.  245 

Questionnaire respondents were asked if they were satisfied with their energy source for space heating. 246 
Only 25% of respondents were satisfied, while 75% were unsatisfied and wished to change their heating 247 
stoves. Participants were then asked their main reasons for not changing their heating or cooking fuel source. 248 
87.8% of respondents said the main reason was unaffordability due to their limited income (see Figure 3).  249 
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 250 

Figure 3: Reasons for not switching to a different fuel source for heating or cooking 251 

This data is further confirmed in Figure 4, with 92% of participants living below the higher World Bank 252 
global poverty line ($300), and 40% living below the World Bank’s international extreme poverty line 253 
($50). Household interviews corroborated that financial resources are often the determining factor in their 254 
selection of stove and fuel type. Many participants reported that they had little choice and had to select the 255 
cheapest heating system, since they were displaced, often jobless, and the poorest who live at camps relied 256 
on NGOs for food aid. Interviewee R18 reported “I am using the cheapest heating system because I have 257 
no money, if I had more money, I would use the pistachio stove”. Similarly, R20 stated “we are living at 258 
camps waiting the aids who give it to us IHSAN organization, the aid is not enough we have to buy more 259 
diesel fuel”. 260 

 261 
Figure 4: Breakdown of monthly income of questionnaire respondents, in US Dollars 262 

Table 4 shows the stove types, cost and consumption obtained from the interviews. Overall, stove cost, 263 
which varies from $30 to $150 , is relatively small compared to fuel costs especially as the stoves can 264 
normally last for several years whilst fuel has to be purchased regularly. The most expensive fuels system 265 
seems to be the pistachio, and the stove used for this fuel cannot be used for other type of fuel, while the 266 
cheapest fuel is coal and the stove can be fed by other type of solid fuels such as wood logs or second hand 267 
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clothes. The cheapest stove made from steel in local workshops costs between $30 to $40, although this 268 
stove cannot be used for coal. 269 

Table 4: fuels and stove types, cost and consumption (source: household interviews) 270 

Fuel type winter Unit 

price 

summer 

Unit price 

daily 

consumptions 

daily costs $/ 

day 

Stove type Unit price of 

stove 

Sack of Coal 

(25 kg) 

5$ /sack (25kg) 2.5$/ sack 0.3-0.5 

sack/day 

8-13 kg/day 

0.8-2.6 Stove to burn 

coal from Turkey 

120-150$ 

Wood logs 

Olive-husk 

200$ / tone 125$/ tone 15-25 kg/day 1.875-5 primitive stove to 

burn wood made 

of steel local 

workshops 

30-40$ 

Pistachio and 

Hazelnut shells 

200$/tone 

the peaks reached 

300$/tone 

125$/ tone 5-25 kg/day 1.5-7.5 Pistachio shells 

stove 

140-150$ 

Unpurified 

Diesel 

0.5$/Litre 0.3$/Litre 5-10 litre/day 1.5-5 Diesel fuel stove 

(traditional) 

70-80$ 

Purified Diesel 1.5$/Litre 1$/Litre 5-10 litre 5-15 Diesel fuel stove 

(traditional) 

70-80$ 

LPG tube 12.2/tube 12.2/tube 1/3-1/7 bottle 1.7-4 LPG stove 140-150$ 

 271 

For fuel sources that were within their budget, questionnaire respondents were asked the primary reasons 272 
for selecting their current fuel type. Figure 5 shows that availability of fuel was the most common 273 
determinant (25%). The salience of this factor was echoed in the household interviews, with participants 274 
recounting how the disappearance of pistachio shells from the market had forced people to switch to using 275 
wood or coal stove. For example, R13 said “if pistachio shells were available all the time, I will not use any 276 
other type of fuels. But unfortunately, traders monopolize it [so I am forced to switch fuel type]”. A harsh 277 
winter coupled with people not being able to afford to store their fuel for the complete winter season, 278 
contributed to fuels disappearing from the market.  279 



 280 

Figure 5: Criteria for selecting fuel type among those that were within respondents’ budget 281 

Some participants reported using the stove that is appropriate to the fuel provided by NGOs, particularly 282 
people living in camps. R3 (Unfinished House, fuel type is wood) and R20 (tent, uses olive husk, and wood) 283 
reported: “NGO organization has given us coal”. However, some NGOs prefer to offer vouchers or cash 284 
“[they] distributed 150$ voucher to buy fuel and stoves” (R7, tent, fuel is coal, olive husk, and wood). This 285 
might explain why only 1.1% of participants claimed using their fuel types because they are distributed by 286 
NGOs. This is quite small ratio, suggesting that NGOs are only having a limited effect on the everyday 287 
energy practices and experiences of many Syrians. 288 

Some interviewees reported changing their heating system following concerns about its impact upon their 289 
family’s health. For example, R3 (Unfinished House, fuel type is wood)  said: “I was using coal but I found 290 
that my children’s health was deteriorating and were suffering from flu, severe cough, and frequent visits 291 
to hospitals, therefore I enforced to change to pistachio shells stove.” However, only 11.8% of questionnaire 292 
respondents selected “more healthy” as a criteria when selecting a fuel type (see Figure 5). Overall, results 293 
suggest that people living in Northern Syria are concerned about the health impacts of heating and cooking 294 
fuels, and that they would switch to a fuel they deem healthier if they were able. Yet their ability to make 295 
such choices is often constrained by circumstances, namely a lack of financial resources and physical 296 
scarcity of some fuels, leaving them with few options but to use those fuels that are both affordable and 297 
available. 298 

4.2. What are the effects of current fuel use practices on thermal comfort, air quality and the health 299 
of residents? 300 

In order to understand the impact of heating system on indoor environment, parameters related to thermal 301 
comfort and indoor air pollution were analysed. Maximum, average, median and standard deviation values 302 
for the parameters Temperature [°C], Relative Humidity [%], PM2.5 [µg/m³], TVOC [ppb], CO2 [ppb] and 303 
CO [ppb], were calculated for every dwelling as shown in Table 5.  304 
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Table 5: shows Maximum, Average and standard deviation for Temperature [°C], Relative Humidity [%], PM2.5 [µg/m³], 305 
TVOC [ppb], CO2 [ppb] and CO [ppb] 306 

 
Code 

  
Temperature 

[°C] 
Relative 

Humidity[%] 
PM2.5 
[µg/m³] 

TVOC 
[ppb] 

CO2 
[ppb] 

CO 
[ppb] 

 Max 18.8 92.3 200 1200 1368 57.6 
A1.2 Ave. 12.8 62.3 9.2 176.6 649 0.6 

 Median 12.9 63.6 7.0 28.0 645.0 0.0 
 STDEV 1.9 6.9 8.4 335.1 128.1 2.8 
 Max 19.1 100 200 1200 3720 3.2 

A1.3 Ave. 12.2 69.8 22.2 563.5 1171.3 0.0 
 Median 12.3 70.1 12.0 517.0 1185.0 0.0 
 STDEV 1.9 6.7 35.2 325.7 447.3 0.2 
 Max 17.3 76.4 200 1200 2141 2.4 

A2.2 Ave. 13.3 65.0 19.3 145 988 0.0 
 Median 13.4 66.3 10.0 95.0 866.0 0.0 
 STDEV 1.6 6.4 31.4 187.8 355.1 0.1 
 Max 37.3 92.3 200 1200 2075 122.9 

A2.3 Ave. 20 37.4 11.9 348 830.9 0.8 
 Median 20.6 35.3 6.0 215.0 836.0 0.0 
 STDEV 6.5 12.6 28.6 344.5 283.2 3.7 
 Max 16.9 96 200 1200 2602 2.6 

A3.2 Ave. 11.1 74.8 15.3 185.4 709.3 0 
 Median 11.4 75.3 8.0 86.0 651.0 0.0 
 STDEV 1.7 6.5 24.5 258.2 u 0.1 
 Max 28.4 93.3 200 1200 2728 27.6 

A3.3 Ave. 16.6 61 25.2 613.5 1033.1 0.3 
 Median 16.5 59.3 8.0 588.0 843.0 0.0 
 STDEV 2.2 8.4 37.2 419.1 463.1 1.2 
 Max 39.2 94.9 200 1200 5444 107.6 

 A4.2 Ave. 17.9 70.1 14.4 660 2081.5 11.4 
 Median 16.4 73.0 7.0 600.5 1871.0 2.1 
 STDEV 5.7 15.9 24.1 422.2 1172.8 18 
 Max 25.2 76.9 200 1200 4946 14.8 

A4.3 Ave. 14.6 55.2 16.3 261.6 811.4 0.2 
 Median 14.6 57.8 5.0 107.0 728.0 0.0 
 STDEV 5 11 38.1 321.5 417 0.9 
 Max 33.1 78.5 200 1200 2621 11.8 

A4.4 Ave. 17.4 51.3 16 601.6 892.7 0.3 
 Median 16.8 51.2 7.0 546.0 865.0 0.0 
 STDEV 7.1 13.1 24.2 369.2 378.5 0.7 
 Max 40.7 84.9 200 1200 6019 294.8 

A5.2 Ave. 18.4 57.6 99.7 424.6 1874.3 15.9 
 Median 18.3 58.4 91.0 213.0 1677.0 1.8 
 STDEV 6.8 16.5 68.3 446.4 924.2 35.2 
 Max 24.4 82.7 200 1200 2433 9.2 

A5.3 Ave. 14.7 56.3 23.5 489.9 780 0.4 
 Median 14.9 56.7 13.0 516.0 831.0 0.0 
 STDEV 4.3 10.7 31 233.4 323.5 1 
 Max 27.3 74.7 114 1200 1584 63.9 

A5.4 Ave. 20.2 46 32.4 418.3 789.6 2.2 
 Median 20.9 45.1 27.0 196.0 676.0 0.0 
 STDEV 3.8 10.6 21.1 449.1 399 5.6 
 Max 22 70.5 154 1200 4702 7.8 

A6.1 Ave. 10.8 54.2 13.3 296.4 811.5 0 
 Median 10.4 55.8 10.0 179.0 689.0 0.0 
 STDEV 3.6 7.7 12.5 337.1 465.7 0.3 
 Max 29.9 81.1 162 1200 6380 10.6 

A6.2 Ave. 21.1 42.5 11.9 308.3 2436.3 0.5 
 Median 21.2 41.4 9.0 219.0 2285.0 0.0 
 STDEV 3.3 7.6 12.2 315.7 1198.6 1.4 



Data in the table confirms high peak temperatures when the heating is on, with temperatures going as high 307 
as 37.3ºC (A2.3, coal/olive husk, tent), 39.2ºC (A4.2, diesel, container) and 40.7ºC (A5.2, coal/olive husk, 308 
container). The same dwellings show average temperatures of 20ºC, 17.9ºC and 18.4ºC respectively. This 309 
underscores the high temperature fluctuations due to low thermal mass of the dwellings. A1.2 (coal, 310 
apartment), A1.3 (diesel, apartment), A2.2 (diesel, apartment) and A3.2 (pistachio, stone cement) have low 311 
maximum and average temperatures, below comfortable levels (18ºC). Table 5 also confirms high levels of 312 
humidity in all the houses, although they don´t seem to correlate with temperature, which might be an 313 
indication of occupants’ activities (such as cooking) driving up the humidity levels, paired with insufficient 314 
ventilation. Insufficient ventilation seems to be corroborated by high levels of CO2, such as in A1.3 (diesel, 315 
apartment), A3.3 (wood/olive husk, stone cement) and A4.2 (diesel, container), all of them above 60% RH 316 
average. A4.2 (diesel, container), A5.2 (coal/olive husk, container) and A6.2 (LPG, container) have also 317 
very high CO2 levels, above 5000 ppb, although safe levels of humidity, possibly an indication of high 318 
occupation levels paired with poor ventilation rates. Maximum and average levels of PM2.5, TVOC and 319 
CO show considerable fluctuations during the day. These will be further explained in the next section, 320 
where the mean daily values are analysed in more detail to understand their impact in air pollution and 321 
health. 322 

4.2.1. Some thermal comfort 323 

Mean temperature daily values for each house were plotted to obtain daily temperature variations. Results 324 
were grouped by fuel type to assess potential differences in thermal comfort between dwellings related to 325 
the type of fuel used. Figures 6 and 7 show a distinct daily pattern in temperature variations within the 326 
different dwellings, which seems to reflect occupants' routines.  327 

 328 

Figure 6: Temperature for houses with coal and wood/biomass as fuel type. ('av' denotes average, indicating values 329 
calculated as an average over several days of the recorded period.) 330 
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 331 

Figure 7: Temperature for houses with diesel and LPG as fuel type.  332 

Temperatures in apartments (A1.2, A1.3 and A2.2) seem generally more stable than other types of dwellings 333 
analysed and show temperatures more constant across the day, although below comfortable levels. 334 
Behaviour in apartments is similar despite using different types of fuel (coal in A1.2 and diesel in A1.3 and 335 
A2.2). On the contrary, in A5.2 (container), A5.4 (tent) and A2.3 (tent) temperatures seem to rise quickly 336 
when the heating is turned on and decay quickly when it is turned off, achieving high peak temperatures 337 
(up to 28ºC) and very low temperatures at night when the heating is off (10ºC). High temperature 338 
fluctuations are indicative of the type of construction, with low thermal mass, producing quick heat loss 339 
when the heating is off.  340 

Temperature data also reveals that the indoor environment remains below 18°C the majority of the time. 341 
There is evidence that temperatures below 18°C can be detrimental to health (Janssen et al., 2023). The 342 
World Health Organisation recommends minimum indoor temperature of 18°C for healthy populations, 343 
with a higher minimum temperature potentially required by vulnerable groups including older people and 344 
children (WHO Team, 2018). The lack of consistent temperatures at comfort levels is indicative of both 345 
poor housing conditions and the inhabitants' inability to afford continuous heating, particularly within the 346 
poorly insulated and temporary dwellings that many people in Northern Syria live in, and is therefore a 347 
symptom of energy poverty (Bouzarovski and Petrova, 2015). This is reflected in the questionnaires 348 
responses, as only 20% of participants reported using their heating system all day during the winter months 349 
(see Figure 8), with 16% having their heating on less than 5 hours per day, affecting overall indoor 350 
temperatures. It is also consistent with the results of the interviews. For example, R9 expressed their 351 
hardship, saying, “I do not have money to buy fuel; I go outside and search through the rubbish piles and 352 
fields to find any burnable material to run my stove in order to warm up my kids”.  353 
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 354 
Figure 8: The daily running hours of space heating in dwelling in northern Syria in the heating season† 355 

The average humidity levels for the dwellings were also calculated after recording and plotted over a 24-356 
hour period, grouped by fuel type, in Figure 9 and Figure 10 for coal/biomass, and diesel/LPG respectively. 357 
The minimum and maximum safe limits are indicated according to the U.S. Environmental Protection 358 
Agency (United States Environmental Protection Agency, 2008). 359 

 360 

Figure 9: Relative Humidity for houses with coal and wood/biomass as fuel type .  361 

*Minimum healthy limit being 40% and maximum healthy limit being 60% 362 

 
† Running hours relate to usage in the month of March, which remains part of the heating season in northern Syria 
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 363 

Figure 10: Relative Humidity for houses with diesel and LPG as fuel type.  364 

Relative humidity levels for the majority of the dwellings are higher than the upper comfortable limit (60%) 365 
determined by the EPA. High humidity and lack of ventilation can lead to the growth of damp and mould, 366 
which are detrimental to health and exacerbate respiratory conditions. This finding seems to be in line with 367 
(AL-khateeb, 2020) research, who found that poor housing conditions, leading to cold, dampness, mould, 368 
dust, smoke, poor ventilation and inadequate lighting, were directly related to higher rates of respiratory 369 
diseases such as common cold, cough, pharyngitis, influenza, ear infection, asthma, and bronchitis among 370 
the Al-Ama'ri refugee camp's residents.  371 

 372 

4.2.2. Air Pollution and its impact in health 373 

To understand the daily patterns, mean daily values of PM2.5, TVOC, CO2 and CO for each house were 374 
plotted. Results were again grouped by fuel type to assess potential differences in indoor air pollution 375 
between dwellings related to the type of fuel used. Figures 11-18 show fluctuations that correlate with the 376 
operation of the heating system, cooking practices and ventilation. 377 
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 378 

Figure 11: PM2.5 for houses with coal and wood/biomass as fuel type.  379 

  380 

 381 

Figure 12: PM2.5 for houses with diesel and LPG as fuel type.  382 

Figures 11 and 12 show PM2.5 daily averages. A5.2 (coal/olive husk, container) show high levels of PM2.5 383 
across the day. This dwelling has also very high average CO2 levels, which might be an indication of low 384 
ventilation rates and therefore, higher PM2.5 concentration. Other dwellings such as A2.3 (tent), A4.3 385 
(cement+ceiling fabric), A4.4 (container) and A5.3 (cement+ceiling fabric), show high peaks followed by 386 
quick decay, probably related to cooking practices. Peaks in PM2.5 suggest particulate emissions, emitted 387 
from combustion-based heating or cooking stoves especially those using solid fuels or poorly maintained 388 
systems. These particles can be harmful to health, particularly in enclosed spaces. 389 

Figures 13 and 14 show TVOC daily averages. TVOC values show variability, which may correspond with 390 
the heating and cooking cycles. 391 
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 392 

Figure 13: TVOC for houses with coal and wood/biomass as fuel type.  393 

 394 

Figure 14: TVOC for houses with diesel and LPG as fuel type.  395 

A1.3 (diesel, apartment), A5.2 (coal, container), A5.3 (diesel, cement/fabric) and A5.4 (olive husk/wood, 396 
tent) present above threshold average TVOC daily values, with A3.3 (stone cement, wood/olive husk), A4.2 397 
(diesel, container) and A4.4 (diesel, container) showing the highest average daily levels of TVOC above 398 
600 ppb, Table 5. A3.3 has above threshold levels for both PM2.5 and TVOC in the evening hours. A1.2 399 
(coal, apartment), A2.2 (diesel, apartment), A2.3 (coal, tent), A3.2 (pistachio, stone cement), A4.3 (diesel, 400 
fabric ceiling) and A5.2 (coal, container) present a quick decay of TVOC at night, presumably when the 401 
heating is turned off. This is consistent with temperature readings dropping at the same time, particularly 402 
in dwellings with low thermal mass such as the tent and fabric ceiling. Similarly, A1.3 (diesel, apartment), 403 
A4.2 (diesel, container) and A4.4 (diesel, container) show high levels of TVOC building up at night and 404 
decreasing early morning, probably due to occupants ventilating the dwelling. A1.2 (coal, apartment), A2.2 405 
(diesel, apartment) and A3.2 (pistachio, stone cement) have the lowest values despite using the same fuels 406 
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as the worst performing dwellings, inferring that fuel choices are not as determinant as occupants’ 407 
behaviour, ventilation and house type.  408 

To better understand the effects of ventilation in the building up of pollutants, CO2 daily averages were 409 
represented and analysed. CO2 is a natural by-product of combustion and human respiration considered a 410 
proxy for ventilation (Zhang and Smith, 2003). Figures 15 and 16 show CO2 levels for different dwellings 411 
grouped by fuel type.  412 

 413 

 414 

Figure 15: CO2 for houses with coal and biomass as fuel type.  415 

 416 

Figure 16: CO2 for houses with diesel and LPG as fuel type.  417 

A4.2 (diesel, container), A5.2 (coal, container) and A6.2 (LPG, container), show very unhealthy CO2 levels 418 
with maximum values close to 2500 ppb, and most of the day above 1000ppb, particularly at night. This 419 
indicates lack of ventilation. Apart from A1.2 (coal, apartment), A3.2 (pistachio, stone cement), A5.3 420 
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(diesel, cement/fabric) and A5.4 (olive husk/wood, tent), the rest of the dwellings have CO2 average values 421 
above recommended thresholds of 800 ppm. Most of the dwellings show increasing values at evening and 422 
night, due to higher occupation and less ventilation. CO2 values drop dramatically in the morning in some 423 
cases (A1.3, A2.3, A4.2, A4.3 and A4.4), due to families ventilating their homes. In all the dwellings, CO2 424 
decreases during the day due to increased ventilation. 425 

From the CO2, PM2.5 and TVOC graphs it can be inferred that ventilation is key to reduce indoor pollutants. 426 
Lack of proper ventilation can increase indoor pollution to dangerous levels. Ventilation also emerged as a 427 
key issue in the interviews. For example, R19 stated, “I prefer to live in a cave instead of this tent because 428 
of its bad ventilation, which caused us a lot of allergic diseases”. R20 blamed the poor ventilation for the 429 
chest diseases that his family suffer from, saying: “Although we use diesel fuel in the tent the main reason 430 
of chest diseases is that there is no window for ventilation”. 431 

Whatever the dwelling design, position and type, lack of ventilation seemed to be a high contributing factor 432 
to IAP. In this regard, some dwelling windows were completely covered during the whole winter by a layer 433 
of PVC Nylon preventing any leakage, as reported by R12 (multi-storey house, diesel/coal/pistachio shells). 434 
Whilst such practices help to maintain a comfortable indoor temperature, it also increases the risk of harmful 435 
build-ups of air pollutants.  436 

 437 

Figure 17: CO for houses with coal and wood/biomass as fuel type.  438 
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 439 

Figure 18: CO for houses with diesel and LPG as fuel type.  440 

Regarding carbon monoxide (CO), A4.2 (diesel, container) and A5.2 (coal, container) show very unhealthy 441 
CO levels, as shown in Figures 17 and 18. The same dwellings present very high CO2 levels. A1.2 (coal, 442 
apartment), A2.3 (coal, tent) and A5.4 (olive husk/tent) show some peaks above recommended threshold 443 
values, although followed by quick decay. The peaks seem to be associated with the heating system being 444 
turned on. CO presence is concerning as it is a toxic gas produced by incomplete combustion. Any spikes 445 
in CO levels could suggest that the heating system is not burning fuel completely. This could be due to the 446 
type of fuel used, the age and condition of the system, or a lack of maintenance (Zhang and Smith, 2003). 447 

Lack of proper ventilation in some of the dwellings exacerbates indoor pollution, which in turn affects 448 
occupant health. 64% of questionnaire respondents stated they had no health issues relating to the 449 
respiratory system, with 36% reporting having health issues. However, the proportion of respondents 450 
reporting health problems was greater among those using certain fuel types. Figure 19 shows that among 451 
those burning clothing and shoes, or plastic material, over 47% of respondents reported respiratory health 452 
problems. The proportion was also over 40% among respondents using olive pomace and coal. Reports of 453 
respiratory health concerns were substantially less common among those using electricity for cooking and 454 
heating.  455 
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 456 

Figure 19: Percentage of participants reporting health issues according to the utilized fuel 457 

Several interviewees felt that pre-existing health conditions within their household, such as asthma, were 458 
exacerbated or worsened when burning wood or coal. Additionally, some interviewees claimed that the 459 
heating system initiated new illnesses, particularly among children and older people. Several recounted 460 
incidences where they had queued for many hours at hospitals with other sick people (old and children) due 461 
to respiratory illnesses caused by burning polluting fuels, such as R2: “My daughter was dying due to a 462 
severe cough when we reached the hospital the doctor saved her using the spray device for resuscitation. 463 
The doctor had warned us of using coal. But unfortunately we are not capable of changing it”. These results 464 
are in line with (Alamal, 2021) who reported doctors receiving high number of emergency cases due to 465 
severe shortness of breath and pneumonia in children and elderly, particularly from the border areas of 466 
Atma refugee camps and Deir Hassan camp. Data obtained aligns with findings from (Elbayoumi and 467 
Albelbeisi, 2023) who found that common fuels like wood, coal, and cardboard caused nasal irritation, 468 
headaches, and dizziness in a study among families in Gaza's Al-Maghazi refugee camp. Similarly, Albadra 469 
et al. (2020) found high levels of pollutants (VOC and PM) across various shelter designs, climates, and 470 
cultural settings in displacement shelters across Peru, Ethiopia, Djibouti, Jordan, Turkey, and Bangladesh.  471 

AL-khateeb (2020) also reported  several cases of fires and suffocation occurring as a result of the use of 472 
stoves for heating and cooking, as happened in the “Al-Hol” camp in Al-Hasakah and the “Al-Bal” camp 473 
in Soran Azaz in the northern countryside of Aleppo. Pennise et al. (2009) assessed the impact of improved 474 
cookstoves on indoor air quality in Ghana and Ethiopia. The study found significant reductions in PM2.5 475 
and CO levels with the use of ethanol and wood-burning rocket stoves. As well as exacerbating or causing 476 
chronic illnesses, the health risks of fuel burning also included more immediate impacts in the form of 477 
accidents and injuries. Figure 20 shows that questionnaire respondents reported various forms of accident 478 
such as asphyxiation 27.3%, dwelling catching fire 23.8%, and burns 23.3%. Nearly 10% of respondents 479 
reported death occurring because of heating or cooking.  480 

8%

26%

26%

27%

37%

40%

43%

47%

48%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

Electricity

Pistachio shells

Diesel

Wood

Olive wood

Coal

Olive pomace

Plastic material

second-hand stuff, (cloths, shoes)

PERCENTAGE OF PARTICIPANTS REPORTING HEALTH ISSUES [%]

T
Y

P
E

 O
F

 F
U

E
L

 U
T

IL
IZ

E
D



 481 

Figure 20: Percentage of households reporting different injury types caused by accidents from running heating or cooking 482 
stoves 483 

Findings from the interviews provide further evidence of accidents and injuries resulting from burning fuels 484 
for cooking and heating, with multiple accounts of fires and suffocation. R4 reported: “the stove is very 485 
primitive and has no sensors and no controllers, therefore, the temperatures are not limited and could reach 486 
dangerous limits. I know a house caught fire because of the heating stove”. Some reported knowing people 487 
who died due to their heating systems, such as R15 “a woman, one of my relatives, and her children have 488 
died because their house was caught fire due to the heating system” and R13 “two of my relative have been 489 
died when their coal stove was left running during the whole night, the doors and windows were kept close 490 
as well. Therefore, they were suffocated”. 491 

Not only do the stoves used pose a health hazard, some dwellings are made of combustible materials that 492 
are more prone to catch and spread fire, such as tents, as R2 reported “People are charring because of 493 
heating system. 38 people have died to cold and fires in tents. I am teaching in a school where diesel stoves 494 
were utilized. The fuel tank was turned over. There was a fire in the classroom and a student was burned”.  495 

5. Conclusion and recommendations 496 

This paper has addressed two research questions. Firstly, what types of fuel are currently used to power 497 
homes and camps in Northern Syria, and what are the reasons behind this. Among questionnaire 498 
respondents, LPG and solid fuels were the most commonly used fuels, with the vast majority (93.3%) of 499 
households using some form of solid fuel (wood, coal, pistachio shells, clothing, olive pellets, or plastics) 500 
as their main heating source. For both space heating and cooking, relatively small proportions of 501 
respondents used electricity (3.6% for space heating and 11.70% for cooking), the cleanest fuel source. The 502 
reliance on solid fuels, and the limited use of electricity, can be seen as an indicator of energy poverty and 503 
is consistent with the absence of a national electricity grid during a period of war. The main determinants 504 
of household’s fuel choices were availability (25.40%) and ease of use (18.10%). Many participants were 505 
aware of the negative health implications of solid fuel but were not able, in many cases, to act upon this 506 
awareness due to limited financial resources (87.80%) and other constraints, underscoring the crucial role 507 
that sufficient monetary resources can have on the comfort and living conditions of the affected populations.  508 
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The second research question asked what the effects of current fuel use practices were on thermal comfort, 509 
air quality and the health of residents. In terms of thermal comfort, temperatures for many households 510 
frequently fell below 18°C, the WHO’s minimum threshold for a healthy living environment. As with their 511 
choice of fuel, insufficient financial resources emerged as a key determinant of thermal comfort, as many 512 
respondents and interviewees reported rationing their use of heating due to affordability concerns, as only 513 
20% of participants reported using their heating system all day during the winter months, with 16% having 514 
their heating on less than 5 hours per day. Income poverty is further exacerbated by poorly insulated and 515 
temporary dwellings, common in northern Syria, as these are generally characterised by low thermal mass 516 
(tents, fabric ceiling, containers) and therefore high heat loss, leading to the need of using more fuel to keep 517 
the dwellings warm. This, in turn, leads to a reduction in ventilation of dwellings to avoid heat loss and, 518 
therefore, to an increase in indoor air pollution concentration. 519 

Lack of ventilation proved to exacerbate indoor pollution, which in turn affects occupant health. In this 520 
regard, containers seem to perform the worst, reaching maximum CO2 levels above 5000 ppb, as they are 521 
more airtight, whereas other dwelling types, such as tents (with maximum CO2 concentration between 1500 522 
and 2000 ppb), seem to perform the best as they have high levels of infiltration and allow for naturally 523 
ventilation without occupants’ interference. In general, permanent (concrete and stone fabric), and high 524 
elevation dwellings seem to perform well from a ventilation point of view, and this was noted by the 525 
interviewees. While coal and olive husk seem to be the worst performing fuels across all indoor air quality 526 
parameters analysed, diesel seems to be the worst for TVOC (with average values above 500 ppb). As well 527 
as exacerbating or causing chronic illnesses, the health risks of fuel burning also included more immediate 528 
impacts in the form of accidents and injuries, with stoves and combustible materials used in dwellings 529 
posing a health hazard. 530 

The findings suggest that type of dwelling construction, occupants’ activities and ventilation regime are 531 
more determinant of poor air quality than fuel type, highlighting the crucial role that decent housing and 532 
occupant behaviour have on the health and wellbeing of people. House construction should be improved to 533 
increase thermal mass so heat loss can be minimised (reducing the heating demand and the number of 534 
people living in informal buildings or tents) and new regulations should be implemented on minimum 535 
chimney heights and the restriction of incineration of hazardous substances, such as tyres and nylons, to 536 
reduce air pollution. The public should be educated on the risks associated with the lack of ventilation and 537 
the use of inappropriate fuel for heating, and, perhaps more importantly, provided with the resources 538 
necessary to enable them act upon this awareness by transitioning to cleaner heating fuels and stoves. 539 
Ultimately, a lasting solution will only come from the restoration of peace in the region. 540 

Our study also highlights areas for future research. In this study, we examined pollution resulting from the 541 
use of rudimentary heating methods, a necessity due to the harsh conditions faced by many Syrians 542 
displaced by ongoing conflict. Our data collection focused on the winter season, as the cold climate 543 
necessitates particular heating practices that significantly impact indoor pollution levels. Recognizing that 544 
other factors, such as cigarette smoking, may also influence air quality, future research could incorporate 545 
these variables to provide a more comprehensive assessment. Furthermore, air quality measurements could 546 
be conducted in a larger sample of households to provide a more comprehensive assessment of indoor air 547 
pollution, across a more diverse range of dwelling types. Finally, we also suggest that future studies could 548 
consider conducting similar assessments during the summer season. The warmer, drier conditions and 549 
reduced rainfall in summer are likely to increase dust levels, potentially elevating particulate matter 550 
concentrations and introducing a different set of respiratory risks. A comparative study across seasons 551 
would provide valuable insights for the same population and region, helping to capture seasonal variations 552 
in environmental health impacts and guiding appropriate interventions year-round. 553 



The results of this paper highlight the dire circumstances faced by many people living in Syria’s refugee 554 
camps. The study contributes to the fields of environmental and energy research and provides a nuanced 555 
understanding of energy behaviours and air quality issues in northern Syria. Moreover, it offers a 556 
methodological blueprint for conducting similar studies in other contexts. The findings not only shed light 557 
on the impact of fuel poverty and energy practices in the health of people living in refugee camps, but also 558 
identifies practices that increase air pollution and provides recommendations to improve living conditions, 559 
enriching the broader discourse on sustainable living and environmental health. 560 

6. Acknowledgments 561 

The investigation team would like to thank all people and organizations that facilitated this project. In 562 
particular, we would like to thank Cara who funded this project, and NGOs, in particular, IHSAN and their 563 
employees in particular. We also would like to thank the academic staff and MSc and BSc students of the 564 
Mechatronics department of Sham University and Aleppo University who also helped. 565 

Declarations 566 

1. Funding: This work was supported by CARA (Grant number Dec20URN6). 567 

2. Competing Interests: The authors have no competing interests to declare. 568 

3. Ethics Approval :  This study was approved by the CARA Ethics Committee under Approval No. 569 
15/03/2022. 570 

4. Consent to Participate: Informed consent was obtained from all participants. 571 

5. Consent to Publish: Participants provided consent for publication of their data. 572 

6. Data Availability: The data supporting the findings of this study are available in the attached files. 573 

References 574 

Adekoya, A. et al. (2022) ‘Effects of Household Air Pollution (HAP) on Cardiovascular Diseases in Low- 575 
and Middle-Income Countries (LMICs): A Systematic Review and Meta-Analysis’, International Journal 576 
of Environmental Research and Public Health 2022, Vol. 19, Page 9298. Multidisciplinary Digital 577 
Publishing Institute, 19(15), p. 9298. doi: 10.3390/IJERPH19159298. 578 

AL-khateeb, I. (2020)   مركز الصحافة الاجتماعية  -وسائل التدفئة في الشمال السوري..خيارات عديدة وقلة حيلة , syrianpc.com. 579 
Available at: https://syrianpc.com/archives/51357 (Accessed: 25 May 2021). 580 

Alamal, A. (2021) ‘ السوري   الشمال  في  الكثيرين  تدهور صحة  في  تتسبب  التدفئة  السورية  -وسائل  الأيام  ’, ayyamsyria.net. 581 
Available at: https://ayyamsyria.net/ الكثي-صحة-تدهور-في-تتسبب-التدفئة-وسائل / (Accessed: 25 May 2021). 582 

Albadra, D. et al. (2020) ‘Measurement and analysis of air quality in temporary shelters on three continents’, 583 
Building and Environment. Pergamon, 185, p. 107259. doi: 10.1016/J.BUILDENV.2020.107259. 584 

Bouzarovski, S. and Petrova, S. (2015) ‘A global perspective on domestic energy deprivation: Overcoming 585 
the energy poverty–fuel poverty binary’, Energy Research & Social Science. Elsevier, 10, pp. 31–40. doi: 586 
10.1016/J.ERSS.2015.06.007. 587 

Carson, S. W. et al. (2022) ‘Indoor air pollution exposure is associated with greater morbidity in cystic 588 
fibrosis’, Journal of Cystic Fibrosis. Elsevier, 21(2), pp. e129–e135. doi: 10.1016/J.JCF.2021.08.015. 589 

Chen, Y. Y. et al. (2018) Estimating household air pollution exposures and health impacts from space 590 



heating in rural China, Environment International. Elsevier Ltd. doi: 10.1016/j.envint.2018.04.054. 591 

Dhital, S. et al. (2022) ‘A scientometric analysis of indoor air pollution research during 1990–2019’, 592 
Journal of Environmental Management. Elsevier Ltd, 320(January), p. 115736. doi: 593 
10.1016/j.jenvman.2022.115736. 594 

Du, X. et al. (2022) ‘Indoor air pollution from solid fuels use, inflammation, depression and cognitive 595 
function in middle-aged and older Chinese adults’, Journal of Affective Disorders. Elsevier B.V., 596 
319(August), pp. 370–376. doi: 10.1016/j.jad.2022.09.103. 597 

Elbayoumi, M. and Albelbeisi, A. H. (2023) ‘Biomass use and its health effects among the vulnerable and 598 
marginalized refugee families in the Gaza Strip’, Frontiers in public health. Front Public Health, 11. doi: 599 
10.3389/FPUBH.2023.1129985. 600 

EPA (1987) The Inside Story: A Guide to Indoor Air Quality | Indoor Air Quality (IAQ) | US EPA. Available 601 
at: www.epa.gov/iaq (Accessed: 21 May 2024). 602 

Ezzati, M. and Kammen, D. M. (2002) ‘The health impacts of exposure to indoor air pollution from solid 603 
fuels in developing countries: Knowledge, gaps, and data needs’, Environmental Health Perspectives. 604 
Public Health Services, US Dept of Health and Human Services, 110(11), pp. 1057–1068. doi: 605 
10.1289/EHP.021101057. 606 

Fisk, W. J. (2017) ‘The ventilation problem in schools: literature review’, Indoor Air, 27(6), pp. 1039–607 
1051. doi: 10.1111/ina.12403. 608 

Flanagan, E. et al. (2022) ‘Ambient and indoor air pollution exposure and adverse birth outcomes in Adama, 609 
Ethiopia’, Environment International. Elsevier Ltd, 164(February), p. 107251. doi: 610 
10.1016/j.envint.2022.107251. 611 

Fu, P. et al. (2019) ‘The association between PM 2.5 exposure and neurological disorders: A systematic 612 
review and meta-analysis’, Science of the Total Environment. Elsevier B.V., pp. 1240–1248. doi: 613 
10.1016/j.scitotenv.2018.11.218. 614 

González-Eguino, M. (2015) ‘Energy poverty: An overview’, Renewable and Sustainable Energy Reviews, 615 
47, pp. 377–385. doi: 10.1016/j.rser.2015.03.013. 616 

Hennink, M. and Kaiser, B. N. (2022) ‘Sample sizes for saturation in qualitative research: A systematic 617 
review of empirical tests’, Social Science and Medicine. Elsevier Ltd, 292, p. 114523. doi: 618 
10.1016/j.socscimed.2021.114523. 619 

Hvidtfeldt, U. A. et al. (2019) ‘Long-term residential exposure to PM2.5, PM10, black carbon, NO2, and 620 
ozone and mortality in a Danish cohort’, Environment International. Elsevier, 123(December), pp. 265–621 
272. doi: 10.1016/j.envint.2018.12.010. 622 

iMMAP (2022) ‘The Current Status of Social Support in Syria ASSESSING CONDITIONS, DYNAMICS, 623 
AND CHALLENGES ACROSS THE FOUR ZONES OF CONTROL 02 THEMATIC REPORT-KEY 624 
FINDINGS AND GRAPHICS: THE CURRENT STATUS OF SOCIAL SUPPORT IN SYRIA’, (January). 625 

Janssen, H. et al. (2023) ‘Cold indoor temperatures and their association with health and well-being: a 626 
systematic literature review’, Public Health. The Authors, 224, pp. 185–194. doi: 627 
10.1016/j.puhe.2023.09.006. 628 

Kik, K., Bukowska, B. and Sicińska, P. (2020) ‘Polystyrene nanoparticles: Sources, occurrence in the 629 
environment, distribution in tissues, accumulation and toxicity to various organisms’, Environmental 630 



Pollution, 262. doi: 10.1016/j.envpol.2020.114297. 631 

Klepeis, N. E. et al. (2001) ‘The National Human Activity Pattern Survey (NHAPS): a resource for 632 
assessing exposure to environmental pollutants’, Journal of Exposure Science & Environmental 633 
Epidemiology 2001 11:3. Nature Publishing Group, 11(3), pp. 231–252. doi: 10.1038/sj.jea.7500165. 634 

Kurtuluş, Ş. and Can, R. (2021) ‘The Effect of Environmental Exposures on the Diagnosis of Tuberculosis 635 
in Syrian Refugees’, Turkish thoracic journal. Turk Thorac J, 22(6), pp. 489–493. doi: 636 
10.5152/TURKTHORACJ.2021.21158. 637 

Landrigan, P. J. et al. (2018) ‘The Lancet Commission on pollution and health.’, Lancet (London, England). 638 
England, 391(10119), pp. 462–512. doi: 10.1016/S0140-6736(17)32345-0. 639 

Mohapatra, I., Das, S. and Samantaray, S. (2018) ‘Health impact on women using solid cooking fuels in 640 
rural area of Cuttack district, Odisha’, Journal of Family Medicine and Primary Care. Medknow, 7(1), p. 641 
11. doi: 10.4103/jfmpc.jfmpc_21_17. 642 

El Morabet, R. (2019) ‘Effects of Outdoor Air Pollution on Human Health’, in Nriagu, J. (ed.) Encyclopedia 643 
of Environmental Health (Second Edition). Second Edi. Oxford: Elsevier, pp. 278–286. doi: 644 
https://doi.org/10.1016/B978-0-12-409548-9.11509-X. 645 

Morhulova, V. et al. (2018) ‘P II – 2–6 Ambient air pollution pm 10 and pm 2,5 due to coal tpp’, in. BMJ, 646 
p. A42.2-A42. doi: 10.1136/oemed-2018-iseeabstracts.106. 647 

Neves, D., Baptista, P. and Pires, J. M. (2021) ‘Sustainable and inclusive energy solutions in refugee camps: 648 
Developing a modelling approach for energy demand and alternative renewable power supply’, Journal of 649 
Cleaner Production. Elsevier Ltd, 298. doi: 10.1016/J.JCLEPRO.2021.126745. 650 

Nix, E. et al. (2022) ‘Health effects of liquid and gaseous fuels for household energy use: systematic 651 
evidence mapping’, Environmental Research Letters. IOP Publishing, 17(12), p. 123003. doi: 652 
10.1088/1748-9326/ACA1D2. 653 

Odo, D. B., Yang, I. A. and Knibbs, L. D. (2021) ‘A Systematic Review and Appraisal of Epidemiological 654 
Studies on Household Fuel Use and Its Health Effects Using Demographic and Health Surveys’, 655 
International journal of environmental research and public health. Int J Environ Res Public Health, 18(4), 656 
pp. 1–30. doi: 10.3390/IJERPH18041411. 657 

Pachauri, S. and Spreng, D. (2011) ‘Measuring and monitoring energy poverty’, Energy Policy. Elsevier, 658 
39(12), pp. 7497–7504. doi: 10.1016/j.enpol.2011.07.008. 659 

Patel, M. M. et al. (2009) ‘Spatial and temporal variations in traffic-related particulate matter at New York 660 
City high schools’, Atmospheric Environment. Pergamon, 43(32), pp. 4975–4981. doi: 661 
10.1016/J.ATMOSENV.2009.07.004. 662 

Pennise, D. et al. (2009) ‘Indoor air quality impacts of an improved wood stove in Ghana and an ethanol 663 
stove in Ethiopia’, Energy for Sustainable Development. Elsevier, 13(2), pp. 71–76. doi: 664 
10.1016/J.ESD.2009.04.003. 665 

Roser, M. (2021) The ‘Energy Ladder’: What energy sources do people on different incomes rely on? - Our 666 
World in Data, Oxford Martin School. Available at: https://ourworldindata.org/energy-ladder (Accessed: 667 
13 September 2022). 668 

Serdaroglu Ela and Moore Brett (2022) ‘Global Shelter Cluster 2022 Achievements Report 2 A 669 
FOREWORD FROM THE GLOBAL SHELTER CLUSTER COORDINATORS’, p. 27. 670 



Shackelford, B. B. et al. (2020) ‘Environmental health in forced displacement: A systematic scoping review 671 
of the emergency phase’, The Science of the total environment. Sci Total Environ, 714. doi: 672 
10.1016/J.SCITOTENV.2020.136553. 673 

Shi, X. et al. (2022) ‘Exposure to outdoor and indoor air pollution and risk of overweight and obesity across 674 
different life periods: A review’, Ecotoxicology and Environmental Safety. Academic Press, 242, p. 113893. 675 
doi: 10.1016/J.ECOENV.2022.113893. 676 

Smith, K. R. et al. (2014) ‘Millions dead: How do we know and what does it mean? Methods used in the 677 
comparative risk assessment of household air pollution’, Annual Review of Public Health, 35, pp. 185–206. 678 
doi: 10.1146/annurev-publhealth-032013-182356. 679 

Sovacool, B. K. (2011) ‘Conceptualizing urban household energy use: Climbing the “Energy Services 680 
Ladder”’, Energy Policy. Elsevier, 39(3), pp. 1659–1668. doi: 10.1016/J.ENPOL.2010.12.041. 681 

Thenationalnews (2021) Renewed strikes in northern Syria threaten to stoke Turkey-Russia tensions | The 682 
National, Thenationalnews. Available at: https://www.thenationalnews.com/mena/renewed-strikes-in-683 
northern-syria-threaten-to-stoke-turkey-russia-tensions-1.1188944 (Accessed: 23 August 2024). 684 

UNICEF (2020) UNICEF Whole of Syria Summary Analysis of UNICEF Response information : Available 685 
at: https://www.unicef.org/media/77341/file/Syria-NW-SitRep-Jan-2020.pdf. 686 

United Nations Higher Commissioner for Refugees (2023) Syria emergency: UNHCR. Available at: 687 
https://www.unhcr.org/emergencies/syria-emergency (Accessed: 22 October 2023). 688 

United States Environmental Protection Agency, (EPA) (2008) ‘Indoor Air Quality (IAQ) Care for Your 689 
Air: A Guide to Indoor Air Quality’, Epa.Gov, (September), pp. 1–7. Available at: 690 
https://www.epa.gov/indoor-air-quality-iaq/care-your-air-guide-indoor-air-quality. 691 

WHO Team (2018) WHO Housing and health guidelines, Recommendations to promote healthy housing 692 
for a sustainable and equitable future, Department of Housing and Urban Development. Available at: 693 
https://www.who.int/publications/i/item/9789241550376 (Accessed: 23 August 2024). 694 

Williams, O. et al. (2016) ‘RELATIONSHIP BETWEEN AMBIENT AIR POLLUTION ( PM 695 
RELATIONSHIP BETWEEN AMBIENT AIR POLLUTION ( PM 2 . 5 ) AND LOW BIRTH WEIGHT 696 
DELIVERIES IN NEW JERSEY’, (August). 697 

World Health Organization (2022) Ambient (outdoor) air pollution, World Health Organisation Geneva. 698 
Available at: https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health 699 
(Accessed: 21 May 2024). 700 

World Health Organization (2023) Household air pollution, WHO. Available at: 701 
https://www.who.int/news-room/fact-sheets/detail/household-air-pollution-and-health (Accessed: 9 702 
October 2023). 703 

Xing, Y. F. et al. (2016) ‘The impact of PM2.5 on the human respiratory system’, Journal of Thoracic 704 
Disease. Pioneer Bioscience Publishing, pp. E69–E74. doi: 10.3978/j.issn.2072-1439.2016.01.19. 705 

Yosef, O. (2021)   السوريون الجزيرة نت2021النازحون  المأساة | سوريا |  أرقام كارثية تكشف حجم   .. , www.aljazeera.net. 706 
Available at: https://www.aljazeera.net/news/humanrights/2021/1/5/ تكشف -كارثية-أرقام-السوريون-النازحون  707 
(Accessed: 27 May 2021). 708 

Zhang, J. and Smith, K. R. (2003) ‘Indoor air pollution: a global health concern’, British Medical Bulletin. 709 
Oxford Academic, 68(1), pp. 209–225. doi: 10.1093/BMB/LDG029. 710 



Zhu, K. et al. (2022) ‘Assessing exposure to household air pollution in children under five: A scoping 711 
review’, Environmental pollution (Barking, Essex : 1987). Environ Pollut, 311. doi: 712 
10.1016/J.ENVPOL.2022.119917. 713 

 714 


