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The assessment of indoor thermal comfort across Africa reveals significant challenges arising from the
continent's diverse climatic conditions, infrastructural disparities, and socio-economic limitations. The
absence of unified thermal comfort standards further complicates efforts to ensure adequate indoor
environments, as existing regulations vary widely between countries. While some nations reference
international standards like ASHRAE and ISO, many lack locally adapted guidelines that account for regional
climate variations and construction practices. This study examines the current landscape of thermal comfort
standards in Africa, identifies key challenges—including increasing urbanization, rising temperatures due to
climate change, and inadequate building codes—and evaluates the effectiveness of existing regulations. The
findings indicate that many African buildings, particularly in low-income and informal settlements, are highly
susceptible to overheating, with indoor temperatures frequently exceeding comfort thresholds. To address
these challenges, this study highlights the need for climate-responsive building codes, improved policy
frameworks, and enhanced professional expertise in thermal comfort assessment. Strengthening regulatory
guidelines, incorporating passive cooling strategies, and promoting further research on localized thermal
comfort thresholds are essential steps toward creating healthier indoor environments. A comprehensive,
region-specific approach is crucial to improving indoor thermal comfort, public health, and sustainable
building practices across Africa.
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As the global climate change and its associated impact is becoming more pronounced worldwide,
with 2024 being the hottest year on record (the recorded temperature anomaly of 1.170C) and four
of the hottest years recorded occurring within the last five years (Lindsey & Dahlman, 2024), urban
scholars have increasingly directed their attention towards regions in the developing world, in large
part driven by substantial economic and population growth occurring within these regions (Kelly
& Ngo Nguéda Radler, 2024). Over the past decades there has been an undisputed evidence of
rising temperatures across the world, that has led to a growing concern of more extreme weather
patterns and regular seasonal heat waves globally (Lindsey & Dahlman, 2024; Marcotullio et al.,
2021; Yadav et al., 2023). As such, building occupants are at an ever increasing risk to overheating
exposure which is already emerging as an existing issue in many buildings (Laouadi et al., 2020;
Murtagh et al,, 2019; Pathan et al., 2017). With an advent of higher temperature patterns in both
winter and summer seasons, it is suggested that the building cooling requirement will be continu-
ously increasing with respect to heating/cooling energy consumption per floor area (Khourchid et
al., 2022). While with regards to the population density and quality of life much attention has been
set on Asian continent, projections indicate a shift towards Africa, which is anticipated to undergo
substantial population growth and urbanization (Akinsola et al., 2022; Gutu Sakketa, 2023). Africa
is one of the continents most vulnerable to climate change (Kelly & Ngo Nguéda Radler, 2024).
By the end of the twenty-first century, Africa’s total population is projected to exceed 4.4 billion,
comprising over 90% of Asia’s population (Glneralp et al., 2017; lyakaremye et al., 2021; UN,
2018). Despite these demographic changes, uncertainties persist regarding the potential econom-
ic outcomes of urbanization in African nations, where more than half of the global extremely poor
currently reside, and the World Bank projections suggest that by 2030, nine out of ten extremely
poor will be in the African continent (World Bank, 2015, 2018). In parallel, climate analysts project
increased climate change impacts driven by human activities. Among the various climate risks,
high temperature events pose a significant threat to urban residents, with projections indicating
increases in frequency, intensity, and duration of heat waves (Marcotullio et al., 2021). Recent
studies suggest that the number of high-temperature events has already increased globally, in-
cluding in urban areas (Matthews et al., 2017). While research has projected these trends globally,
there remains a lack of understanding regarding the specific impacts on African cities, particularly
in terms of urban heat wave vulnerability and the scale of potential impacts (Mora et al., 2017).
This study aims to assess these aspects by providing estimates of urban population exposure to
heat events across Africa, offering insights into the potential challenges and vulnerabilities faced
by urban populations in the region. In addressing these challenges, the importance of ensuring
indoor thermal comfort emerges as a crucial aspect of human health and well-being. With rising
temperatures and an increase in extreme weather events, establishing and maintaining optimal
indoor environmental conditions becomes essential to mitigate adverse health effects associated
with temperature extremes (Arriazu-Ramos et al.,, 2023). However, the continent’s diverse cli-
mates and varying levels of infrastructure development present certain challenges in establishing
unified standards for indoor thermal comfort (Verma, 2020). As temperatures rise and heatwaves
become more frequent and prolonged, the risk of heat-related illnesses and mortality escalates
(Yadav et al,, 2023). Conversely, inadequate indoor heating in regions susceptible to cold extremes
can lead to increased susceptibility, particularly among vulnerable population groups such as
the elderly and infants (lyakaremye et al.,, 2021; Su et al., 2024). In this context, it is necessary to
establish and maintain optimal indoor environmental conditions. Africa’s extensive geographi-
cal range and climatic variability pose significant challenges in achieving this goal. The continent
encompasses a wide range of climates, from equatorial rainforests to Mediterranean coastlines
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and high-altitude plateaus. Within these diverse climatic zones lie distinct challenges and con-
siderations for indoor thermal comfort regulation (Hugo et al., 2021). Moreover, the level of infra-
structure development and access to resources vary widely across African countries. While urban
centers may have modern, climate-controlled buildings, rural communities often contend with
inadequate housing stock, limited access to electricity, and reliance on traditional building mate-
rials and construction techniques (Emodi et al., 2022). Bridging this urban-rural divide in terms of
thermal comfort infrastructure represents a pressing challenge for policymakers and stakehold-
ers (Ye & Koch, 2023). Additionally, it is crucial to address global environmental concerns related
not only to the energy consumption for achieving thermal comfort but also to the widespread use
of cement in concrete buildings, particularly in urban areas across Africa. The thermal properties
of cementitious concretes are basically not appropriate for achieving thermal comfort. Research
by Farhan et al. (2020) highlights that the world produces an average of 4 billion tons of Portland
cement annually, with an annual growth rate of 4%, emphasizing the urgent need for sustainable
alternatives (Farhan et al., 2020). Provided this complexity and diversity, developing unified stan-
dards for indoor thermal comfort in Africa presents a significant challenge. While international
standards, such as those established by ASHRAE, offer valuable guidance, they must be contex-
tualized and adapted to the climatic, socio-economic, and cultural realities of the African context
(S. Chen et al,, 2020; Foldvary Licina et al., 2018; Wang et al., 2020). Local building codes and regu-
lations play a crucial role in this regard, serving as the primary mechanism through which indoor
environmental quality is regulated and enforced. However, significant gaps and challenges persist
in the current landscape of indoor thermal comfort regulation across Africa. Insufficient research
and data on local climatic conditions, coupled with limited capacity and resources for implementa-
tion and enforcement, hinder progress towards comprehensive and effective unified standard de-
velopment (0. Efeoma & Uduku, 2014). Moreover, the rapid pace of urbanization and infrastructure
development exacerbates these challenges, with many buildings inadequately equipped to endure
the challenges posed by a changing climate (Naicker et al., 2017).

Considering these challenges, a streamlined approach is needed to develop and implement stan-
dards and guidelines for indoor thermal comfort across the African continent. This requires a
multi-disciplinary approach that encompasses research, policy formulation, capacity-building,
and stakeholder engagement. This study examines the current landscape of thermal comfort
standards in Africa, identifies key challenges including increasing urbanization, rising tempera-
tures due to climate change, and inadequate building codes—and evaluates the effectiveness of
existing regulations.

This review study selected countries and standards based on their representation of Africa’s di-
verse climatic zones, socio-economic contexts, and documented presence of building regulations
or practices addressing indoor thermal comfort. Sources were drawn primarily from peer-re-
viewed academic journals, regulatory documents, and global climate databases, ensuring a com-
prehensive and regionally diverse perspective.

Across the African continent, a diverse array of standards, guidelines, and regulations govern
indoor thermal comfort. Some countries adhere to internationally recognized benchmarks such
as those set by the American Society of Heating, Refrigerating, and Air Conditioning Engineers
(ASHRAE), while others have developed local building codes designed to accommodate their en-
vironmental, socio-economic, and climatic contexts and infrastructural capacities (Rincén et al,,
2019). For instance, South Africa’s National Building Regulations incorporate aspects of indoor
environmental quality, including lighting and ventilation, although the specific focus on thermal
comfort remains relatively limited. Some of the standards and guidelines used in African countries
are highlighted in Table 1 and might include:

Current
landscape
of indoor
thermal
comfort
standards
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ASHRAE standards — some African countries refer to standards published by ASHRAE, such
as ASHRAE 55 and ASHRAE 62.1, which provide guidance on thermal comfort and indoor
air quality (e.g., Ghana, Burkina Faso) (Dodoo & Ayarkwa, 2019; B. I. Ouedraogo et al., 2012)

Local building codes / regulations — some African countries have their own building codes
and regulations that address various aspects of construction, including indoor environmen-
tal quality. These codes might include provisions related to thermal comfort, ventilation, and
heating/cooling systems (e.g., South Africa, Nigeria, Morocco).

South Africa: In South Africa, for instance, the National Building Regulations provide guidelines
and requirements for various aspects of construction, including indoor environmental quality. Part
O: Lighting and Ventilation of the South African National Building Regulations (NBR) specifically
deals with environmental sustainability, including thermal comfort. While not exclusively focused
on thermal comfort, the regulations do encompass aspects related to energy efficiency and indoor
environmental quality, which includes considerations for thermal conditions (Matandirotya et al.,
2021).

Morocco: According to the General Building Regulations of Morocco (NM ISO 7730 2010), the
annual heating and cooling requirements for the building need to meet the adapted reference
temperature values fixed at 20 °C in winter and 26 °C in summer (Lamrani Alaoui et al., 2023).

Nigeria: Due to the differences in temperatures in the different regions of Nigeria, there are no
accepted thermal requirements and regulations that cover the whole country. However, research
done in this area has developed adaptable reference temperatures for areas in the North, East,
West and the South of the country (Adunola, 2014).

Ethiopia: According to the code of practice for mechanical ventilation and air-conditioning of
buildings (ES-EBCS 11, 2003), the operative temperature should be maintained in the ranges of
23 to 25 degree Celsius and the air movement should not exceed 0.3 m/s, at 1.5 meters from the
floor (Ethiopian Standards Agency, 2003).

Kenya: The first building code standard in Kenya was established with the Local Government
Order and was operationalized in 1968 (Kenya, Ministry of Local Government, 1968) and has long
been applicable for the ventilation of buildings in Kenya. Although the optimal temperature for
cooling is not specified, the code elaborates the need for openable windows sufficient enough for
air circulation in rooms with specific services (living rooms, kitchen, pantries, etc.). Additionally,
the Kenya Bureau of Standards (KEBS) has published a more comprehensive building code, with
the ventilation codes unchanged (Kenya Bureau of Standards (KEBS), 2009). Since 2019, Kenya
has begun implementing the Eurocodes and an incoming code, which aims to revolutionize the
construction sector of Kenya, is underway (Lagat et al., 2024).

Rwanda: The first building code in Rwanda was the Rwanda Building Control Regulations, which
was issued by the Rwandan Ministry of Infrastructure in 2009 and was updated in 2012 by the
Rwanda Housing Authority to reflect the current needs and to be in harmony with other major
legal tools. According to both versions, buildings are required to have effective ventilation in co-
herence with the size of the room (Rwanda Housing Authority, 2012).

International standards — some African countries adopt international standards from orga-
nizations such as the International Organization for Standardization (ISO), such as Morocco
and Senegal. ISO 7730, for example, provides guidelines for the evaluation of thermal envi-
ronments and is often referenced for indoor thermal comfort assessments (Lamrani Alaoui
etal, 2023).

Regional guidelines and practices — guidelines provided by a group of experts gathered by
the Institute of Energy and Environment of La Francophonie (IEPF), who provided guidelines
and recommendations based on local climate conditions, cultural preferences, and available
resources. The proposed approach is widely adopted in tropical countries, especially in West
and Central Africa. (IEPF, 2010)
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Local guidelines and practices - in some cases, countries develop their own guidelines
or recommendations based on local climate conditions, cultural preferences, and available

resources.
Country / region Standards referenced Key regulations
South Africa ASHRAE 55, 62.1 No specific national thermal comfort
standard
Morocco IS0 7730 20°C (winter) / 26°C (summer)
L Regional reference temperatures exist
Nigeria None .
but not standardized
Ethiopia Local code 23-25°C indoor operative temperature
Kenya Local building codes Natural ventilation required, no specific
temperature thresholds
Rwanda Local building codes Effective vehtlla_tlon required, no tem-
perature guidelines
UEMOA (Benin, Burkina Faso, Cot . : : o
o ( gnm gr na asg .O € Energy Efficiency Min. EER for AC units, 7 sub-climatic
d'lvoire, Guinea-Bissau, Mali, Niger, .
Directives zones defined

Senegal, Togo)

ECOWAS (Benin, Burkina Faso,

Cabo Verde, Cote d'Ivoire, The

Gambia, Ghana, Guinea, Guinea- ECOSTAND 071-2
Bissau, Liberia, Mali, Niger, Nigeria,

Senegal, Sierra Leone, Togo)

Regional energy performance standards
for AC systems

IEPF (Francophone Africa: Benin,

Burkina Faso, Cameroon, Cote i Recommendations for air conditioning
o o |[EPF Guidelines . .

d'lvoire, Mali, Niger, Senegal, Chad, design and indoor temperatures

Togo)

A critical review of the regulatory landscape reveals substantial disparities in adaptation to local
climatic realities. For instance, Morocco has adopted and localized ISO 7730 by fixing operative
indoor temperatures at 20°C for winter and 26°C for summer, aligning well with its regions which
lies within the Mediterranean climate. In contrast, South Africa, despite having National Building
Regulations addressing lighting and ventilation, lacks specific thermal comfort standards, leading
to inconsistencies in protecting occupants during extreme heat events. Similarly, Nigeria experi-
ences regional variations without a harmonized national standard, complicating efforts to ensure
uniform indoor comfort. These findings emphasize the need for establishing climate-responsive
and regionally adapted regulatory frameworks to ensure consistent and effective indoor thermal
comfort standards across the African continent.

Despite efforts to adopt international standards and develop local regulations, substantial gaps
persist in comprehensively addressing indoor thermal comfort across Africa. The scarcity of re-
search and region-specific standards exacerbates these challenges. For instance, South Africa’s
lack of thermal comfort standards stems from a scarcity of research correlating mean monthly
temperatures with comfort levels, emphasizing a deficiency in understanding and addressing the
prerequisites of thermal comfort. The landscape of indoor thermal comfort standards across the
African continent reflects a varied array of approaches influenced by diverse climatic, socio-eco-
nomic, and infrastructural considerations. While some countries rely on adherence to internation-
ally recognized standards out of necessity, others have developed context-specific regulations

The overview of the
standards, regulatory
norms and guidelines
with regards to indoor
thermal environment
across African countries

Challenges
in address-
ing thermal
comfort
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designed to their respective contexts. The geographical expanse and climatic diversity of the con-
tinent of climate zones present challenges for regulating indoor thermal comfort. Ranging from
the humid tropical rainforest zone to the arid desert zone, variations in temperature, humidity,
and precipitation require development of tailored strategies for maintaining comfortable indoor
environments (Table 2).

Climate Zone

Tropical

Equatorial

Semi-arid

Desert

Description

High
tempera-
tures, heavy
rainfall
year-round

High tem-
peratures,
significant
rainfall, and
humidity
year-round

Wet and dry
seasons,
warm to hot
tempera-
tures, mix of
grasslands
and scat-
tered trees

Extremely
high daytime
tempera-
tures, low
nighttime
tempera-
tures, low
humidity,
minimal
rainfall

Temperature
range
(°C)

24°C - 28°C

25°C-30°C

20°C-35°C

30°C-45°C

Humidity
range
(%)

70% - 90%

75% - 95%

30% - 60%

10% - 30%

Countries

Democratic
Republic

of Congo,
Central
Africa,
Nigeria,
Ghana,
Cameroon

Uganda,
Gabon,
Kenya,
parts

of West
Africa,
Equatorial
Guinea

Burkina
Faso,
Nigeria,
Namibia,
Botswana,
Mali,
Senegal

Sahara
Desert,
North
Africa,
Egypt,
Morocco,
Algeria,
Libya

ITC
requirements

Cooling
systems to
maintain
comfortable
temperatures
and humidity
levels.

Consistent
cooling
systems

and dehu-
midifiers to
manage high
tempera-
tures and
humidity.

Cooling
during hot
periods

and heating
during cooler
times may be
required.

Heavy
reliance on
cooling sys-
tems. High
potential for
passive or
hybrid cool-
ing systems.
Adequate
insulation is
important
to mini-
mize heat
infiltration.

Reported
thermal
comfort
temperature
(°C)

25.5°Cto
28.3°C (A.
L.S.-N.
Ouedraogo et
al,, 2022a)

22°Cto 29°C
(René Tchinda
& Djongyang,
2013)

25.5°Cto
28.3°C (B. .
Ouedraogo et
al.,, 2012)

27.4°C

and 30.3°C
(Bassoud et
al., 2021)
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Reported
Temperature = Humidity thermal
. . . ITC
Climate Zone Description range range Countries . comfort
requirements
(°C) (%) temperature
(°C)
Parts of Both hegtlng
and cooling | 23.0°C
. South .
Mild, wet Africa systems may | to 26.0°C
int ' Mat irot
Subtropical | VNtersand 1 oee 30oc | 50%-70% Western | ¢ necessary | (Matandirotya
warm, dry Cape to adapt to etal, 2021;
summers . Pe, seasonal Naicker et al.,
Zimbabwe, |\ erature | 2017)
Swaziland € 'pt? atre
variations.
Cooling ir re-
. Morocco, quired, some
Mild, wet . .
.I we Tunisia, heating 24.5°Cto
_ winters and o o o .
Mediterranean 10°C-35°C | 50% -70% @ Egypt, necessary 27.5°C (Lairgi
hot, dry :
cummers Northern during cooler | etal,, 2021)
Libya period of the
year.
Cooler con- E.thlop|an Heating
o highlands, | systems
ditions due .
to elevation mountain- | are often 20.0°Cto
Highland " 1 0°C-20°C 40% - 80% | ous areas | necessary, 24.0°C (Ogoli,
general- . . .
in Africa, especially 2007)
ly cooler .
Kenya, during colder
temperatures
Lesotho seasons.

Ogbonnaet. al. (2008) carried a study in Nigeria, where 200 subjects residing in naturally-ventilated
buildings provided cross-sectional thermal comfort data for July and August 2006. Indoor climatic
data, collected using portable laboratory-grade instruments compliant with ANSI/ASHRAE 55 and
ISO 7726 standards, revealed a mean clothing-insulation value of 0.46 clo for the entire sample.
The recorded indoor temperature surpassed 26°C 68% of the time, exceeding the overheating cri-
teria stipulated by the standard, while mean relative humidity recorded across sample locations
surpassed the 65% threshold recommended by ASHRAE 55, emphasizing the potential challenges
in overheating and moisture control (Ogbonna & Harris, 2008). In South Africa, for example, the
National Building Regulations encompass various aspects of indoor environmental quality, albeit
lacking clear thermal comfort standards. This gap stresses the need for further research and de-
velopment efforts to bridge the divide between regulatory frameworks and the evolving needs of
building occupants (van der Walt et al., 2024). Moreover, the absence of region-specific standards
highlights the broader challenge of extrapolating international guidelines to diverse climatic zones
and cultural contexts within Africa (Dodoo & Ayarkwa, 2019; Rincdn et al,, 2019). Rincon et. al.
(2019) study focused on assessing thermal neutrality using the ASHRAE 7-point scale pinpointed
atemperature of 26.27°C as the threshold, aligning closely with local weather data in sub-Saharan
Africa. However, discrepancies were noted between PMV-determined neutrality and direct votes,
suggesting limitations in PMV predictions for naturally-ventilated buildings. As such, the study

Challenges
related to
the current
indoor ther-
mal condi-
tions
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highlighted the importance of night ventilation and solar protections in mitigating indoor over-
heating, particularly in hot semi-arid climates (Rincon et al., 2019). Ouedraogo et al. (2022) con-
ducted a study in Burkina Faso where a new decision-making tool for the evaluation of the ther-
mal comfort in buildings has been proposed. This tool is based on a comfort index that allows for
better and easier design, assessment and improvement of the thermal environment of buildings.
This study allowed the characterisation the thermal comfort of the three climatic zones of Burkina
Faso namely Bobo-Dioulasso, Dori and Ouagadougou; which evolved between 25.5 and 28.3 °C.
It also made it possible to characterize the thermal comfort of experimental pilot buildings repre-
sentative of the common housing encountered in Burkina Faso. Experimentations have then been
carried out on two natural ventilation pilot buildings located in Ouagadougou. The results show
that the pilot building, whose walls are made of Earth blocks, achieves 26.4% of thermal comfort
while the building made of hollow cement block achieves 25.8% of thermal comfort. (Ouedraogo
et al., 2022a). Hema et. al. (2024) carried out a study in Burkina Faso to determine the acceptable
temperatures for thermal comfort and analyze the energy consumption related to the use of air
conditioning systems to reach such temperatures in a mixed-mode office building. Through a
survey and data collection, the study identified neutral air temperature and operative temperature
which are between 26.2°C and 26.5°C, and 26.3°C and 26.5°C, respectively. This was confirmed by
the activation air conditioning system when the air temperature reaches or exceeds the thresh-
old of thermal neutrality. There was not a significant difference between the neutral temperature
of male and female subjects. These findings can serve as a starting point for establishing ther-
mal comfort parameters and design of mixed-mode office buildings in Sudano-Sahelian climates
(Hema et al., 2024). This was also comparable to the temperature of the thermal comfort reported
in other countries of the region such as 26 °C in Benin (air-conditioned and naturally ventilated of-
fice buildings), 27.4-30.3 °C in Ghana (air-conditioned and naturally ventilated office building); 24.9
to 27.7 °C in Nigeria (naturally ventilated residential building), 22 to 30 °C in Cameroon (naturally
ventilated residential building. The reviewed academic studies emphasize the need for continued
research encompassing longer durations and diverse climatic zones within the African continent.
Methodological refinements, such as automating residential typology identification and refining
traffic estimation in urban microclimate modeling, would enhance the accuracy and scalability
of future studies. Overall, this review contributes to valuable insights into the dynamics of indoor
thermal comfort across African countries, laying the groundwork for informed policy interven-
tions and sustainable building practices in the face of climate change.

Indoor overheating has emerged as a significant issue across various climatic regions in Africa,
particularly in renovated buildings where absence of standardized approaches to address over-
heating issues stresses the need for developing unified criteria and adaptable methodologies suit-
ed to diverse climatic conditions (Arriazu-Ramos et al,, 2023). For instance, Matandirotya et. al.
(2021) in their study found that low-cost dwellings in South Africa consistently experienced indoor
temperatures above 26°C during the summer (with 53% exceeding this threshold at night), poten-
tially posing health risks, especially for vulnerable groups like young children and the elderly, as
stipulated in the WHO recommendations.

The high indoor temperatures indicate the urgent need for improved thermal insulation and pas-
sive design strategies to mitigate the impacts of climate change on indoor thermal environments
(Matandirotya et al., 2021). Comparative analyses between different building typologies and pas-
sive design strategies across diverse climatic contexts can offer valuable insights into effective
mitigation measures, particularly in the context of evolving climate scenarios (X. Chen et al., 2023;
Delgado et al., 2022; Hoyt et al., 2013). As such, the historic, contemporary (measured) and future
(predictive) climate data were gathered from Meteonorm database for 7 major African cities en-
compassing various climatic regions of the continent as shown in Fig. 1.
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The figure suggests a gradual and consistent seasonal temperature rise, which implies a steadily
increasing risk of overheating in the warm season (late spring through early fall) in the buildings.
The data presented in the chart illustrates a pattern of gradual and consistent seasonal tem-
perature increases, particularly pronounced during the warm season spanning from late spring
through early fall. This trend carries significant implications for indoor thermal comfort manage-
ment within buildings across the African continent, where diverse climate zones exist, ranging
from humid tropical rainforests to arid deserts, and the seasonal temperature. During the warm
season, which aligns with the dry season in many regions, temperatures often soar to extreme
levels, especially in desert and savannah areas. This intensification of heat poses substantial chal-
lenges for maintaining comfortable indoor environments, particularly in buildings lacking ade-
quate insulation or cooling systems. The prolonged duration of elevated temperatures during the
warm season, as predicted by Meteonorm model carries an ever-increasing risk of indoor over-
heating, leading to discomfort and potential health hazards for occupants.

As such, buildings without effective thermal management strategies will experience increased
energy consumption as occupants resort to artificial cooling methods to mitigate the discomfort.
The predicted trend of gradual temperature rise stresses the importance of undertaking mea-
sures to address indoor thermal comfort in buildings, such as improved insulation, passive cool-
ing techniques, and efficient ventilation systems to mitigate the climate impact.

Occupant behaviors, including common practices such as window-opening habits, clothing tradi-
tions adapted to local climates, preferred activity patterns, and culturally specific cooling or heat-
ing customs, play a critical role in perceived thermal comfort levels across different regions. For
instance, study by Tchinda and Djongyang (2013) on naturally ventilated classrooms in Cameroon
demonstrated that local clothing choices and ventilation practices significantly altered thermal
acceptability thresholds compared to international standards. These socio-cultural factors often
mediate the effectiveness of building designs and environmental control strategies. Therefore,
future thermal comfort guidelines and regulatory frameworks must explicitly incorporate cultural
dimensions to enhance their contextual relevance, acceptance, and long-term applicability across
different climatic, economic, and social settings in Africa.

The integration of climate-responsive design principles tailored to specific regional climates can
enhance the resilience of buildings against heat stress, prompting occupants’ well-being and
productivity. Policymakers and urban planners must prioritize the integration of passive design
principles and sustainable building materials, readily accessible at relatively low energy demand
and emissions, to enhance indoor thermal comfort while minimizing energy consumption (Hema
et. al. (2021); Nshimiyimana et al. (2020); Moussa et. al. (2019). Furthermore, incentives for green
building certification and adoption of building codes tailored to regional climatic conditions can
incentivize the construction of energy-efficient and thermally comfortable buildings (Harkouss et
al., 2018; Tian et al., 2018). To sum it up, achieving improved indoor thermal comfort, especially in
the African context, would require using one or more of the following concepts.

Passive design strategies include designing buildings to promote natural ventilation through win-
dows, vents, and open layouts. The orientation of the building and shading should minimize solar
heat gain, especially in hotter regions. It is essential to incorporate overhangs, verandas, shut-
ters, and vegetation to block direct sunlight. High ceilings promote better airflow and efficient
heat dissipation. When considering thermal mass and insulation strategies, materials such as
adobe or stabilized earth blocks may be effective in climates characterized by significant daily
temperature variations, where stored heat can be gradually released during cooler night periods.
In contrast, in persistently hot climates (as commonly found across large parts of the African
continent), lightweight, low-thermal-capacity materials are typically more appropriate, as they
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reduce heat storage and facilitate faster night-time cooling. Conventional cementitious concrete,
due to its high thermal conductivity and low insulation value, tends to increase indoor overheating
unless supplemented with additional passive cooling measures or advanced insulation (Hema et.
al. 2020; Moussa et al., 2019)

Passive cooling techniques involve using green roofs and walls to create a micro-climate around
the building, which helps reduce heat absorption and enhances cooling. Incorporating green
courtyards can facilitate natural cooling by providing shaded, ventilated central areas, along with
utilizing reflective materials or paints to decrease the temperatures of building surfaces.

Utilizing local and sustainable materials in construction is a well-regarded strategy for enhanc-
ing indoor environments. Materials that are traditionally used and sourced locally, such as earth
bricks and bio-based options like thatch, bamboo, and wood, offer better thermal performance
and indoor conditions than conventional cement-based materials like concrete. Particularly, bio-
based materials enable cost-effective, renewable, and recyclable insulation solutions.

In many situations, particularly in hot or hot and dry climates like those in North and West Africa,
achieving thermal comfort often requires mechanized solutions rather than relying solely on nat-
ural methods. Thus, utilizing renewable and low-energy cooling options such as solar-powered
fans or air conditioning, alongside optimized design and smart material selection, can effectively
harness the plentiful solar energy available on the continent. These could also be done by evapo-
rative cooling using water to cool air naturally, especially effective in dry climates.

None of the solutions mentioned above can be effective without acceptance and appropriateness
from the users. Clear policies should be established to reinforce the standards and building codes.
These policies ought to promote climate-responsive design and energy efficiency. Educating lo-
cal practitioners- architects and builders- about thermal comfort strategies, alongside engaging
homeowners in designing solutions, would be significantly more relevant for the acceptance and
success of these strategies.

The assessment of indoor thermal comfort criteria across Africa highlights significant challenges
driven by diverse climatic conditions, infrastructural disparities, and the absence of unified stan-
dards. The analysis demonstrates that Africa’'s broad geographical range requires the develop-
ment of regional-specific standards to ensure acceptable indoor environmental conditions. One
of the key findings is the inconsistency in thermal comfort regulations across African countries.
While some countries incorporate internationally recognized standards such as ASHRAE and IS0,
others rely on fragmented local building codes that often fail to address the specific climatic chal-
lenges of their regions. The lack of harmonized guidelines limits the ability to implement effective,
large-scale improvements in thermal comfort. Another critical factor influencing indoor thermal
comfort is the growing impact of climate change, which is leading to increased temperatures
and prolonged heatwaves across the continent. The study confirms that rising urbanization and
inadequate building designs exacerbate overheating risks, particularly in regions with limited ac-
cess to efficient cooling solutions. The review of climate data from major African cities indicates
a consistent temperature rise, reinforcing the need for adaptive thermal comfort strategies. To
address these challenges, the study highlights the importance of strengthening building codes to
incorporate climate-responsive designs that align with local climatic conditions. The development
of region-specific thermal comfort guidelines is crucial to ensure that regulatory frameworks
reflect the realities of both urban and rural environments. Furthermore, increasing profession-
al expertise in thermal comfort assessment and climate-responsive architecture will be instru-
mental in bridging existing knowledge gaps. This can be reinforced by research and academic
institutions in Africa by conducting studies and research related to indoor thermal comfort and
environmental conditions. This research can contribute to the development of local guidelines and
recommendations.

Conclusions
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As such, improving indoor thermal comfort across Africa requires a multi-layered approach that
integrates rigorous policy development, stronger enforcement of building standards, and contin-
ued research into region-specific comfort thresholds. A coordinated effort among policymakers,
researchers, and industry stakeholders is essential to establish long-term solutions that enhance
indoor environmental quality, reduce health risks, and improve overall well-being across the
continent.

While this review was designed as a secondary study based on literature and climate data anal-
ysis, it did not involve primary data collection through occupant surveys, stakeholder inter-
views, or direct experimental evaluations of ventilation effectiveness and window configurations.
Recognizing the significance of these factors in defining indoor thermal comfort, future research
should integrate empirical investigations, including occupant-centered studies and building com-
ponent assessments, to develop a more robust and contextually grounded understanding of ther-
mal comfort dynamics and to enhance the formulation of climate-responsive regulatory frame-
works across the African continent.
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