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Abstract:

This study investigates household fuel use, and its potential impacts on household energy practices and indoor air
pollution in Syrian refugee camps. It covers the challenges faced by over a million displaced Syrians in 1,293 refugee
camps, focusing on the scarcity of fuels for heating and cooking and the consequent health risks due to indoor air
pollution. A mixed methods approach was utilized, combining questionnaires from a sample of 439 participants, 75%
of them displaced, indoor air quality monitoring across 14 dwellings and in-depth interviews from 20 homes. The
houses monitored were a mixture of apartments, tents, stone cement and containers; with fuel types ranging from
diesel, coal and LPG to wood, olive husk and nut shells. The analysis reveals a significant correlation between the
use of solid fuels in households and lack of ventilation with the increase in indoor air pollution, with maximum PMzs
concentrations above 114 pg/m?3 and maximum TVOC concentrations above 1200 ppb, well above recommended
threshold values. This is supported by 36% of participants reporting health issues, highlighting substantial health
risks associated with these practices. It also demonstrates the influence of dwelling typology and ventilation in
thermal comfort and indoor air pollution, with containers performing the worst, reaching maximum CO levels above
5000 ppb. The paper underscores the pressing need for improved energy solutions and better quality of homes in
refugee camps to enhance living conditions and reduce health hazards. The research provides valuable insights into
the intersection of energy use, environmental conditions, and human health in conflict-affected and resource-limited
settings, offering a foundation for informed policy-making and targeted interventions to improve living conditions.

Keywords: Indoor Air Pollution; Energy Poverty; Refugee Camps; Fuel Use Practices; Thermal Comfort.

1. Introduction

As a result of the Syrian war, which began in 2011, there have been large numbers of refugees with most
of them concentrated in northwest Syria. In August 2020, the total number of refugee camps in northern
Syria was 1,293, accommodating 1,043,869 displaced Syrians; this included 282 unofficial camps
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accommodating 185,557 displaced people (Yosef, 2021). The area experiences high temperatures
approaching 40°C during summer, with winter temperatures falling close to 0°C. In these circumstances,
securing access to safe and sustainable energy sources for heating and cooking is essential for human
wellbeing, but also hugely challenging. In Syria, NGOs have assisted by providing a variety of stoves and
fuels as an emergency solution (United Nations Higher Commissioner for Refugees, 2023), but these may
have unintended consequences on indoor air pollution and human health. The type of fuels provided range
from diesel and Liquefied Petroleum Gas (LPG) to biomass, such as olive pomace pellets and briquettes,
hazelnuts and pistachio-shells. Biomass fuels, in particular, are regarded as indicators of energy poverty, as
they represent the lowest rung on the energy ladder (Roser, 2021; iIMMAP, 2022; Serdaroglu Ela and Moore
Brett, 2022). This has significant impacts on poverty and human productivity, public health, gender and
education issues, and contributes to environmental degradation (Pachauri and Spreng, 2011; Sovacool,
2011; Gonzélez-Eguino, 2015).

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

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

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

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



79
80

81
82
83
84
85

86

87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112

113

114
115
116
117
118
119
120

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

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

2. The impact of air pollution on health

Poor air quality is a growing problem for citizens globally. There is strong evidence that air pollution can
have serious and detrimental impacts on people’s health, wellbeing and ability to undertake activities. Air
pollution is the first environmental cause of premature deaths in the world today, especially in urban areas
(Landrigan et al., 2018), with some exceeding the safe limits determined by World Health Organisation.
According to WHO, the recommended safe limits are an annual mean of 10 pg/m? and a 24-hour mean of
25 pg/m3 for PMz5, and an annual mean of 20 pg/m?2 and a 24-hour mean of 50 pg/m3 for PM1o (Chen et
al., 2018; Morhulova et al., 2018; World Health Organization, 2022). Indoor air pollution (IAP) can be
particularly severe as indoor concentrations of some pollutants are often 2 to 5 times higher than typical
outdoor concentrations (EPA, 1987), yet we spend 90% of our time indoors (Klepeis et al., 2001). Energy
use is a leading cause of 1AP; burning solid fuel produces Particle Matter (PM), while burning fossil fuel
produces gaseous pollutants (e.g., CO, SOz, NOx, VOCs, O3) (EI Morabet, 2019). In addition, 1AP is
especially harmful for vulnerable groups (Patel et al., 2009). Exposure to IAP from solid fuel causes adverse
health effects. Smith et al. (2014) reported that IAP had caused 3.9 million early deaths and 4.8% of lost
healthy living in 2010. Each year, 3.2 million people die prematurely from illnesses attributable to 1AP
caused by solid fuels and kerosene used for cooking (World Health Organization, 2023). Pollutants emitted
by fuel combustion have a direct effect on respiratory systems and cause haematological problems and
increased risk of cancer (ElI Morabet, 2019), higher risk of depression (Du et al., 2022), risk of being
overweight and obese across different life periods (Shi et al., 2022) and greater morbidity in cystic fibrosis
(Carson et al., 2022). Xing et al. (2016) found that the smaller particles can enter the respiratory system and
cause more severe symptoms and increase disease rates. In this line, Hvidtfeldt et al. (2019) found an
association between exposure to PM2s, PMyo, Black carbon, NO2 and cardiovascular disease mortality,
whilst Mohapatra et al (2018) proved that exposure to PM2sand PM1o causes direct health problems such
as nose and eye irritation. Similarly, Fu et al. (2019) identified a clear association between PM2 s exposure
and neurological diseases, such as stroke, dementia, Alzheimer's disease, autism spectrum disorder,
Parkinson's disease, and mild cognitive impairment. IAP exposure has been also associated to an increased
risk of low birth weight and stillbirth (Williams et al., 2016) (Flanagan et al., 2022).

3. Methodology

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

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

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

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

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

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

Interview Type of Housing Type of Fuel Used  Heating System Resident perception  Health Impact

Code (R) of ventilation
quality

R1 House Olive wood, nylon,  Wood stove Good No health impacts
Russian coal mentioned

R2 House Wood Wood heater Good No health impacts
mentioned

R3 Unfinished Coal, fabric scraps, = Wood heater Poor - no windows No health impacts
House plastic mentioned

R4 Multi-story Refined diesel Traditional diesel Only windows No health impacts
House heater mentioned

R5 Standard House Coal, cardboard, Wood heater Good No health impacts
nylon, shoes mentioned
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Interview Type of Housing Type of Fuel Used

Heating System

Resident perception

Health Impact

Code (R) of ventilation
guality
R6 Multi-story Wood, coal, Coal heater, Good Wood usage caused
House pistachio shells pistachio shell whooping cough for
heater the small daughter
R7 Regular Tent Stone coal, berin, Coal heater Only door No health impacts
olive wood mentioned
R8 Stone House Pistachio shells Pistachio shell Good Children have
heater hereditary asthma
R9 Stone House Stone coal, berin, Coal heater Good with humidity ~ Cold and cough
nylon from the cold
weather
R10 Multi-story Refined diesel Diesel heater Good with two No health impacts
House directions mentioned
R11 Stone House Pistachio shells, Pistachio shell Good but windows Allergic cough
wood, berin, nylon  heater are not opened due to
cold and polluted air
R12 Multi-story Diesel, coal, Diesel heater No ventilation Asthma, allergies
House pistachio shells
R13 camp Stone coal, Coal heater Good Cough and
pistachio shells, shortness of breath
nylon
R14 Stone House Coal, wood, berin, Coal heater Excellent Allergic cough
nylon
R15 Stone House Wood, coal Coal heater Good but humid No health impacts
mentioned
R16 Stone House Wood Wood heater Good but windows Cough and other
are not opened due to  respiratory diseases
rain
R17 Stone House Wood, coal Coal and wood Poor, only a balcony ~ Cough and other
heater respiratory diseases
R18 Camp Refined diesel Diesel heater Poor, no glass on No health impacts
windows mentioned
R19 Tent Coal, wood, berin Coal heater Poor, tenthasonlya  Children are sick all
zipper winter
R20 Tent Coal, wood, berin Coal heater Poor, tenthasonlya  Children are sick all

zipper

winter

3.2. Air-Quality Measurements

Indoor air quality was monitored across 14 dwellings using UHoo air quality monitoring devices. The
selection of the dwellings was based on various criteria, including the types of fuel used, internet
availability, and overall accessibility. The UHoo sensors measure the following parameters: temperature,
humidity, PM2s, CO2, CO, NO2, Oz, TVOC, and air pressure. They require internet connection for data
transmission, with data being logged in the cloud. Reliable internet connectivity was established using two
send-and-receive WiFi dishes, a common practice in Northern Syria. 6 devices were procured for this
activity. To ensure data reliability, each device (labeled Al to A6) was tested for a minimum of 24 hours
in a standard residential apartment (author's apartment) before deployment. During this testing phase, the
devices recorded data under controlled conditions using an advanced floor heating system with a closed-
loop control. The temperature readings showed minimal fluctuations, indicating the accuracy of the devices.
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Additionally, particulate matter (PM2.5) measurements from the devices were cross-verified with a
calibrated Arcelik air-filter device, which actively monitors and filters PM2.5 levels.

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

Table 2: Dwelling and fuel types selected for measurements

House Interview Volume Logging Logging
code code Fuel type Dwelling type occupants ms3 start: End:
a2 R Coal Apartment ground floor 8 40 8/5/2022 8/15/2022

T 3/15/2022  3/30/2022

Al3 Diesel - second class Apartment 1st floor 7 40

a2 R4 Diesel Apartment 3rd floor 5 55 3/5/2022 3/15/2022

3/20/2022  3/31/2022

Olive husk briquettes and

A2.3 coal Tent o 5 30

R8 3/4/2022 3/12/2022
— Pistachio : 1

A3.2 and huzelnuts shell Stone cement 5 50.4

A3.3 ) Wood + olive husk Stone cement 34.2 3/21/2022 3/29/2022
- ; ' 3/4/2022 3/14/2022

LA
A4.2 Diesel container 5 20.7
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House Interview Volume Logging Logging
code code Fuel type occupants ms3 start: End:
- 3/19/2022  3/27/2022
ceiling several layers from
2 ot fabric made out of cotton or
A4.3 Diesel linen and Nylon 6 25.3
- 3/27/2022  3/31/2022
Ad.4 Diesel container 4 22.5
R19 3/6/2022 3/16/2022
A5.2 coal+olive husk container 5 20.7
R18 3/19/2022  3/24/2022
ceiling several layers from
fabric made out of cotton or
linen and Nylon, cement-
A5.3 block-walled 5 16.5
R20 ' S - 3/27/2022  01/04/2022
o i ,
olive husk briquettes and tent
A5.4 wood log from fabric 7 19.8
- 03/03/2022 20/03/2022
A6.1 LPG Container level2 3 34.5
- i 3/20/2022  01/04/2022
A6.2 LPG Container 6 20.7

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

The data logged by the six devices was downloaded in CSV format and imported into Excel for cleaning
and analysis. VBA code was used to remove duplicate records and empty rows. Since each of the six devices
was used to record data from multiple dwellings (some for two houses, others for three), it was necessary
to split the data into separate tables based on the date and time of re-installation in different dwellings,
resulting in a total of 14 sheets.
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To capture the average daily routine, the date was removed from the date_time field, leaving only the time
in minutes. Each day was treated as 1440 minutes. Data from all days for each house was sorted by minute,
and the average for all parameters at each minute was calculated, resulting in 1440 rows. By plotting the
variations of parameters over 1440 minutes (24 hours), the resulting curves provided a better understanding
of the daily heating routine and its impact on air quality. This allowed for the evaluation of various factors,
such as dwelling type, fuel type, and heating system operation, on indoor air quality.

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

Table 3 Air quality safety thresholds

Temperature PM2.5 TVOC Cco2 CO Humidity
[°C] [ng/m?] [ppb] [ppb] [ppb]
Comfortability limit 18-10 50-100 400 - 800 800 - 1500 9-35 40%
Dangerous limit <10 >100 > 800 > 1500 > 35 60%

3.3. Questionnaires

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

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

4. Results and discussion

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

Demographic data from the questionnaires was analysed to understand location of participants and type of
dwelling tenure (see Figure 1). 70.2% of the responses were from Idlib province, while 29.8% were from
Aleppo province (see Figure 1-(a)). In terms of ownership, only 25% of the families owned their dwellings,
while 43% of participants were tenants and 32% were living in refugee camps. This reflects that the
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majority, as high as 75%, of the participants, are displaced. This is supported by the graph of residence
duration in the last dwelling, which shows that 136 out of 439 families (31% of respondents) moved to their
current home in the last two years, coinciding with the date when the largest wave of displaced Syrian
occurred, from December 2019 to February 2020 (UNICEF, 2020) (Thenationalnews, 2021). 116 families
(26% of respondents) moved to their current dwelling in the last 3-4 years, while 13% of respondents moved
7 years ago, a long period for people living in refugee camps.

(a) Geographical distribution of  (b) Participant’s dwelling (tenant, (c) Duration of Residence
participants owner, refugee camps) in Last Dwelling
more than 7 years, 13.90%

Aleppo Province, Refugee dwelling

30% Tenant 329%
43%

5-7 years, 12.50%

3-4 years,
26.40%

1-2 years, 31.00%

DURATION OF
RESIDENCE

I 7-11 months, 7.70%
I
Idlib Province, 70% Owner 1-6 months, 8.40%
25% 0%  10%  20%  30%  40%  50%

PERCENTAGE OF RESPONDENTS

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

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

1 1)
Others , 3.1% ISecond hand materials, 1.60%

Electricity, 3.6% Other, 1.90%

Diesel heater, 4.9% Pistachio shell, 2.20%

Plastic Material, 7.3% Plastic Material, 2.50%

Kerosene, 9.50%

ENERGY SOURCE FOR COOKING

Olive pomace pellets, 10.5%

Second hand cloths, 13.3% Wood, 11.70%

Pistachio shell heater , 16.1% Electricity 11.70%

Bio Gas,

Coal, 16.2% 18.80%

ENERGY SOURCE FOR SPACE HEATING

40.00%
0% 10% 20% 30% 40% 50% 0% 10% 20% 30% 40% 50%
PERCENTAGE OF RESPONDENTS USING PERCENTAGE OF RESPONDENTS USING

EACH HEATING SOURCE [%)] EACH COOKING SOURCE [%)]
Figure 2a and 2b: Breakdown of the major energy sources used for domestic residential heating (a) and cooking (b) in
northern Syria

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

Questionnaire respondents were asked if they were satisfied with their energy source for space heating.
Only 25% of respondents were satisfied, while 75% were unsatisfied and wished to change their heating
stoves. Participants were then asked their main reasons for not changing their heating or cooking fuel source.
87.8% of respondents said the main reason was unaffordability due to their limited income (see Figure 3).
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Other, 1.70%
I Incompatible with cooking stove, 1.50%
I Incompatible with heating system, 1.70%

Incompatible with heating & cooking system, 3.50%

. Unavailable, 3.80%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
PERCENTAGE OF RESPONDENTS

REASON FOR NOT SWITCHING
FUEL SOURCE

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

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

More than 300 $ 8%

L
(@)
£
z 101-200 $ 15%
I
|_
=
0% 10% 20% 30% 40% 50%

PERCENTAGE OF RESPONDENTS

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

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

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

Fuel type winter Unit summer daily daily costs $/  Stove type Unit price of
price Unit price consumptions  day stove
Sack of Coal 53 /sack (25kg) 2.5%/sack 0.3-0.5 0.8-2.6 Stove to burn 120-150%
(25 kg) sack/day coal from Turkey
8-13 kg/day
Wood logs 200% / tone 125%/ tone  15-25 kg/day 1.875-5 primitive stove to  30-40$
Olive-husk burn wood made
of steel local
workshops
Pistachio and 200%/tone 125%/tone  5-25 kg/day 1.5-7.5 Pistachio shells 140-150$
Hazelnut shells  the peaks reached stove
300$/tone
Unpurified 0.5%/Litre 0.3$/Litre  5-10 litre/day 1.5-5 Diesel fuel stove  70-80%
Diesel (traditional)
Purified Diesel ~ 1.5%/Litre 1$/Litre 5-10 litre 5-15 Diesel fuel stove  70-80%
(traditional)
LPG tube 12.2/tube 12.2/tube 1/3-1/7 bottle 1.7-4 LPG stove 140-150%

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

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

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

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

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



305 Table 5: shows Maximum, Average and standard deviation for Temperature [°C], Relative Humidity [%], PM2.5 [ug/m?],
306 TVOC [ppb], CO2 [ppb] and CO [ppb]

Temperature Relative PM2.5 TVOC CO2 CO

Code F"C] Humidity[%] [ug/m3] [ppb] [ppb] [ppb]
Max 18.8 92.3 200 1200 1368 57.6

Al2  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

Al3  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 4473 0.2
Max 17.3 76.4 200 1200 2141 2.4

A22  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 6.4 314 187.8 355.1 0.1
Max 37.3 92.3 200 1200 2075 122.9

A23  Ave. 20 374 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 3445 283.2 37
Max 16.9 96 200 1200 2602 2.6

A32  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 6.5 245 258.2 u 0.1
Max 28.4 93.3 200 1200 2728 27.6

A33  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

A42  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 4222 1172.8 18
Max 25.2 76.9 200 1200 4946 14.8

A43  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 3215 417 0.9
Max 33.1 78.5 200 1200 2621 11.8

Ad4  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 3785 0.7
Max 40.7 84.9 200 1200 6019 294.8

A52  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

A53  Ave. 14.7 56.3 235 489.9 780 04
Median 14.9 56.7 13.0 516.0 831.0 0.0
STDEV 4.3 10.7 31 233.4 3235 1
Max 27.3 747 114 1200 1584 63.9

A5.4  Ave. 20.2 46 324 418.3 789.6 2.2
Median 20.9 451 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 8115 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

AB.2  Ave. 21.1 425 11.9 308.3 2436.3 0.5
Median 21.2 414 9.0 219.0 2285.0 0.0

STDEV 3.3 7.6 12..2 315.7 1198.6 1.4
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Data in the table confirms high peak temperatures when the heating is on, with temperatures going as high
as 37.3°C (A2.3, coal/olive husk, tent), 39.2°C (A4.2, diesel, container) and 40.7°C (A5.2, coal/olive husk,
container). The same dwellings show average temperatures of 20°C, 17.9°C and 18.4°C respectively. This
underscores the high temperature fluctuations due to low thermal mass of the dwellings. A1.2 (coal,
apartment), Al1.3 (diesel, apartment), A2.2 (diesel, apartment) and A3.2 (pistachio, stone cement) have low
maximum and average temperatures, below comfortable levels (18°C). Table 5 also confirms high levels of
humidity in all the houses, although they don’t seem to correlate with temperature, which might be an
indication of occupants’ activities (such as cooking) driving up the humidity levels, paired with insufficient
ventilation. Insufficient ventilation seems to be corroborated by high levels of CO2, such as in A1.3 (diesel,
apartment), A3.3 (wood/olive husk, stone cement) and A4.2 (diesel, container), all of them above 60% RH
average. A4.2 (diesel, container), A5.2 (coal/olive husk, container) and A6.2 (LPG, container) have also
very high CO: levels, above 5000 ppb, although safe levels of humidity, possibly an indication of high
occupation levels paired with poor ventilation rates. Maximum and average levels of PM2.5, TVOC and
CO show considerable fluctuations during the day. These will be further explained in the next section,
where the mean daily values are analysed in more detail to understand their impact in air pollution and
health.

4.2.1. Some thermal comfort

Mean temperature daily values for each house were plotted to obtain daily temperature variations. Results
were grouped by fuel type to assess potential differences in thermal comfort between dwellings related to
the type of fuel used. Figures 6 and 7 show a distinct daily pattern in temperature variations within the
different dwellings, which seems to reflect occupants' routines.
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Figure 6: Temperature for houses with coal and wood/biomass as fuel type. (‘av' denotes average, indicating values
calculated as an average over several days of the recorded period.)
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Figure 7: Temperature for houses with diesel and LPG as fuel type.

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

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

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

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

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



363
364

365
366
367
368
369
370
371

372
373

374
375
376
377

() B e o BN e}
o o o O

N
o O

Relative Humidity %

w
o

20
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00

Time [hours]

—Al.3av =——A2.2av A4.2av =———A43av = A44av
A5.3av

A6.1av

A6.2av

Min_limit Max_limit

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

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

4.2.2. Air Pollution and its impact in health

To understand the daily patterns, mean daily values of PM2s, TVOC, CO. and CO for each house were
plotted. Results were again grouped by fuel type to assess potential differences in indoor air pollution
between dwellings related to the type of fuel used. Figures 11-18 show fluctuations that correlate with the
operation of the heating system, cooking practices and ventilation.
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Figure 11: PMa2sfor houses with coal and wood/biomass as fuel type.

‘ LA i
"" Pvdrendd : r ‘1"! ﬂ‘”“ v .
A o ot TR T T R R

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00
Time [hours]

——Al3av

A2.2av

A4.2av

A4.3av

A4.4av

= A5.3av A6.1av A6.2av Min_limit

Figure 12: PMzsfor houses with diesel and LPG as fuel type.

Figures 11 and 12 show PM2 s daily averages. A5.2 (coal/olive husk, container) show high levels of PM2s
across the day. This dwelling has also very high average CO- levels, which might be an indication of low
ventilation rates and therefore, higher PM2s concentration. Other dwellings such as A2.3 (tent), A4.3
(cement+ceiling fabric), A4.4 (container) and A5.3 (cement+ceiling fabric), show high peaks followed by
quick decay, probably related to cooking practices. Peaks in PM2 s suggest particulate emissions, emitted
from combustion-based heating or cooking stoves especially those using solid fuels or poorly maintained
systems. These particles can be harmful to health, particularly in enclosed spaces.

Figures 13 and 14 show TVOC daily averages. TVOC values show variability, which may correspond with
the heating and cooking cycles.
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Figure 13: TVOC for houses with coal and wood/biomass as fuel type.

1200
g . MR rronl
S ; el *"'# ‘ S A Y m
o Yo R G
J TN L g e AV h TUAS A "“";P
BE S A v

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00
Time [hours]

A2.2av A4.2av A4.3av A4.4av

— Al.3av
- A5.3av

A6.1av A6.2av

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

Al.3 (diesel, apartment), A5.2 (coal, container), A5.3 (diesel, cement/fabric) and A5.4 (olive husk/wood,
tent) present above threshold average TVOC daily values, with A3.3 (stone cement, wood/olive husk), A4.2
(diesel, container) and A4.4 (diesel, container) showing the highest average daily levels of TVOC above
600 ppb, Table 5. A3.3 has above threshold levels for both PM2sand TVOC in the evening hours. A1.2
(coal, apartment), A2.2 (diesel, apartment), A2.3 (coal, tent), A3.2 (pistachio, stone cement), A4.3 (diesel,
fabric ceiling) and A5.2 (coal, container) present a quick decay of TVOC at night, presumably when the
heating is turned off. This is consistent with temperature readings dropping at the same time, particularly
in dwellings with low thermal mass such as the tent and fabric ceiling. Similarly, A1.3 (diesel, apartment),
A4.2 (diesel, container) and A4.4 (diesel, container) show high levels of TVOC building up at night and
decreasing early morning, probably due to occupants ventilating the dwelling. A1.2 (coal, apartment), A2.2
(diesel, apartment) and A3.2 (pistachio, stone cement) have the lowest values despite using the same fuels
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as the worst performing dwellings, inferring that fuel choices are not as determinant as occupants’
behaviour, ventilation and house type.

To better understand the effects of ventilation in the building up of pollutants, CO> daily averages were
represented and analysed. CO: is a natural by-product of combustion and human respiration considered a
proxy for ventilation (Zhang and Smith, 2003). Figures 15 and 16 show CO: levels for different dwellings
grouped by fuel type.
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Figure 15: CO2for houses with coal and biomass as fuel type.
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Figure 16: COzfor houses with diesel and LPG as fuel type.

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

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

Whatever the dwelling design, position and type, lack of ventilation seemed to be a high contributing factor
to IAP. In this regard, some dwelling windows were completely covered during the whole winter by a layer
of PVVC Nylon preventing any leakage, as reported by R12 (multi-storey house, diesel/coal/pistachio shells).
Whilst such practices help to maintain a comfortable indoor temperature, it also increases the risk of harmful
build-ups of air pollutants.
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Figure 17: CO for houses with coal and wood/biomass as fuel type.
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Figure 18: CO for houses with diesel and LPG as fuel type.

Regarding carbon monoxide (CO), A4.2 (diesel, container) and A5.2 (coal, container) show very unhealthy
CO levels, as shown in Figures 17 and 18. The same dwellings present very high CO2 levels. Al1.2 (coal,
apartment), A2.3 (coal, tent) and A5.4 (olive husk/tent) show some peaks above recommended threshold
values, although followed by quick decay. The peaks seem to be associated with the heating system being
turned on. CO presence is concerning as it is a toxic gas produced by incomplete combustion. Any spikes
in CO levels could suggest that the heating system is not burning fuel completely. This could be due to the
type of fuel used, the age and condition of the system, or a lack of maintenance (Zhang and Smith, 2003).

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

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

AL-khateeb (2020) also reported several cases of fires and suffocation occurring as a result of the use of
stoves for heating and cooking, as happened in the “Al-Hol” camp in Al-Hasakah and the “Al-Bal” camp
in Soran Azaz in the northern countryside of Aleppo. Pennise et al. (2009) assessed the impact of improved
cookstoves on indoor air quality in Ghana and Ethiopia. The study found significant reductions in PM2s
and CO levels with the use of ethanol and wood-burning rocket stoves. As well as exacerbating or causing
chronic illnesses, the health risks of fuel burning also included more immediate impacts in the form of
accidents and injuries. Figure 20 shows that questionnaire respondents reported various forms of accident
such as asphyxiation 27.3%, dwelling catching fire 23.8%, and burns 23.3%. Nearly 10% of respondents
reported death occurring because of heating or cooking.
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Figure 20: Percentage of households reporting different injury types caused by accidents from running heating or cooking
stoves

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

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

5. Conclusion and recommendations

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

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

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

Our study also highlights areas for future research. In this study, we examined pollution resulting from the
use of rudimentary heating methods, a necessity due to the harsh conditions faced by many Syrians
displaced by ongoing conflict. Our data collection focused on the winter season, as the cold climate
necessitates particular heating practices that significantly impact indoor pollution levels. Recognizing that
other factors, such as cigarette smoking, may also influence air quality, future research could incorporate
these variables to provide a more comprehensive assessment. Furthermore, air quality measurements could
be conducted in a larger sample of households to provide a more comprehensive assessment of indoor air
pollution, across a more diverse range of dwelling types. Finally, we also suggest that future studies could
consider conducting similar assessments during the summer season. The warmer, drier conditions and
reduced rainfall in summer are likely to increase dust levels, potentially elevating particulate matter
concentrations and introducing a different set of respiratory risks. A comparative study across seasons
would provide valuable insights for the same population and region, helping to capture seasonal variations
in environmental health impacts and guiding appropriate interventions year-round.
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The results of this paper highlight the dire circumstances faced by many people living in Syria’s refugee
camps. The study contributes to the fields of environmental and energy research and provides a nuanced
understanding of energy behaviours and air quality issues in northern Syria. Moreover, it offers a
methodological blueprint for conducting similar studies in other contexts. The findings not only shed light
on the impact of fuel poverty and energy practices in the health of people living in refugee camps, but also
identifies practices that increase air pollution and provides recommendations to improve living conditions,
enriching the broader discourse on sustainable living and environmental health.
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