International Journal of Innovative Studies in Sociology and Humanities
ISSN 2456-4931 | Open Access | Volume 8, Issue 1, 2023
DOI: https://doi.org/10.20431/2456-4931.080109

Assessment of the Thermal Well being of Collective
Residential Buildings: A Case Study from Annaba,
Algeria

Saifi Amel?, Haridi Fatma Zohra?, Bouttout Abdelouahab3

IDoctoral student, Department of architecture, Hydraulic and Civil Engineering Laboratory (LHGC), University of 8 Mai
1945, Guelma, Algeria.
2Lecturer A (HDR), Department of architecture, University of 8 Mai 1945, Guelma, Algeria.
3Permanent researcher, National Center of Studies and Integrated Research on Building Engineering (CNERIB), Cité
Nouvelle E1 Mokrani, Souidania, Algiers 16097, Algeria.

Received: December 17, 2022 Accepted: January 10, 2023 Published: January 16, 2023

Many extensive studies have shown that thermal comfort in inhabited buildings has a strong influence on the quality
of life of the occupants. At the same time, it is well known that poor thermal comfort can cause adverse physiological
effects.This is the case in Algeria, where collective residential buildings have low thermal performance. According
to this fact, most of the inhabitants of these buildings suffer from a great lack of thermal comfort. Similarly, the
measurements taken of the state of the insulation of these buildings cannot exclude that a problem related to the
thermogenic quality exists and needs to be corrected urgently. In this sense that the objective of this study aims to
determine the level of deterioration of thermal comfort by demonstrating the unbearable periods of the year, which
create a discomfort among the inhabitants of the collective residential buildings of the Bouzaaroura estate in Annaba.
At first, a sociological investigation was established near the inhabitants of this housing estate in order to evaluate
their feelings towards the quality of the thermal wellbeing of their housing. Second, a numerical simulation of one
of the modelled buildings was carried out using the Design Builder software. The result of the comparative analysis
between the results of the survey and the simulation revealed that 91.7% of the inhabitants felt very uncomfortable
with the thermal discomfort in their homes, with a Predicted Mean Vote (PMV) indicator of -2.6, a Predicted Percentage
Dissatisfied (PPD) indicator of 94%, and that only 44% suffered from heat in the summer, while all of them felt cold
in the winter.
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INTRODUCTION

People spend up to 90% of their time inside buildings, so what makes a healthy housing is a living space that promotes
sanitary comfort and social well-being(Ceter, Alkan, and Turhan 2021); (Boulemaredj and Haridi 2022); (Slipek et al.
2017), therefore, it significantly impacts quality of life of the occupants (Al horr et al. 2016). Buildings should take into
account the local bioclimatic conditions in order to raise the living standards of those who inhabit them(Samuel et al.
2017) and (Haily, Gelan, and Girma 2021). The word “bioclimatic” refers to the architecture of buildings based on the
context of the local climate in order to give the best possible thermal comfort of the location, according to a research
by(Akande et Adebamowo 2010).

The initial function of any building is to adapt to the prevailing external climate and to provide a comfortable indoor
environment conducive to the well-being of the occupants (El Akili et al. 2021). However, in the age of climate change
and global warming, ensuring the comfort of the occupants of a residential building has become a real challenge and
a fundamentally complex situation. The widespread introduction of mechanical and technical means to provide the
desired comfort temperature in residential buildings is one of the most worrying aspects of modern development today.
This troublesome phenomenon has been posed as a major problem since the 1930s.Modern housing has demanded
adequate thermal comfort in this respect, leading to massive energy consumption. According to (Taleghani et al. 2013)
one third of the total fossil fuel consumption occurs in the residential building stock.
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In Algeria, residential buildings require a significant amount of energy for cooling and heating to achieve acceptable
thermal comfort (Messaoudi et al. 2021). In addition, one of the objectives of the National Energy Efficiency Program
(PNEE), concerning the realization of thermal insulation projects in housing and thermal rehabilitation (Service
2019),seeks to improve the level of insulation of the building envelope. This reduces the loss of heat energy due to
lack of or insufficient insulation. Similarly to (Aslan 2021) the appropriate thermal balance between the human body
and the surrounding environment is ensured by the good insulation of the building.For (Nicol 1993) understanding
the importance of thermal comfort is essential for several reasons which include controlling energy consumption,
preventing recommendations, setting standards and providing a pleasant living environment.

In the research literature, many studies have been conducted on the subject of thermal comfort in living spaces. Below
are some useful examples of this issue.

Recent scientific studies have revealed that residents of residential buildings in many parts of the world may experience
prolonged thermal discomfort due to excessive temperatures in these structures (M. Adaji, Watkins, and Adler 2015);
(Adunola and Ajibola 2012) and (Adekunle and Nikolopoulou 2014).

In addition, numerous in-depth field studies in a variety of climate zones, including moderate (Lomas and Kane 2013);
tropical (Nicol 2004);(Al-Tamimi, Fadzil, and Harun 2011) hot and humid (Akande and Adebamowo 2010); (M. Adaji,
Watkins, and Adler 2015) climates, have shown that extremely high temperatures in residential buildings can have a
negative impact on users’ thermal comfort.

Furthermore,(Ealiwa et al. 2001) carried an in-situ study on thermal comfort in several buildings in Ghadames Oasis,
Libya, which has a hot and dry North African climate. His findings demonstrated that individuals had an overall
impression of an increased level of thermal comfort in old buildings versus new ones.

Additional research on hygrometric thermal comfort in Cameroon’s various climate zones was examined(Nematchoua
et al. 2014), and it was discovered that the comfort range diversified by area and was greatly influenced by the climate
and regional activities.

The indoor thermal state of a building is deemed appropriate when 80% of its occupants are content and relaxed,
according to conventional standards (ISO 2005)and the American Society of Heat, Refrigeration, and Airconditioning
Engineers (ASHRAE), which define thermal comfort as a mental state that conveys happiness with the thermal
environment (Kelechava 2021). Moreover, environmental and body factors interact and adapt to offer thermal comfort,
which is consistent with the research of (Toy and Kantor 2017) and (Haruna, Muhammad, and Oraegbune 2018). The
danger of low and high temperatures in various buildings has been evaluated using these thermal comfort criteria, such
as the ASHRAE model (Lomas and Kane 2013); (Adekunle and Nikolopoulou 2014). Several researches have looked
at the use of the adaptive thermal standard, and their published papers have described how well this model performs
when determining comfort temperatures (Nicol 2004) and (Humphreys, Rijal, and Nicol 2013).

When examining thermal comfort, field studies have either used the static approach, also known as the predicted average
vote-predicted percentage of dissatisfaction (PMV-PPD) model, which was proposed by Fanger in 1972 and is based on
the heat balance approach, or the adaptive approach (Aparicio Ruiz et al. 2021) and(Wu et al. 2019), which is based on
the predicted average vote-predicted percentage of dissatisfaction model findings, related to outdoor environmental
conditions found throughout field surveys (Lopez-Pérez, Flores-Prieto, and Rios-Rojas 2019); (Asif et al. 2022) and (Jiao
etal. 2020).

Despite the importance of these studies on the adaptive thermal comfort, the well-being of occupants, it was noted that
the buildings for residential use in Algeria require further reflection on the thermal aspect. The objective of the present
study is to determine the level of degradation of the thermal comfort of the inhabitants of the collective residential
buildings of the city of Bouzaaroura in Annaba, Algeria, by highlighting the unbearable periods of the year, in an approach
which helps the thermal rehabilitation of housing by effective and accessible solutions.

METHODOLOGY
Approach

The adaptation of the thermal environment of people in their living spaces is crucial to maintaining a good quality of life.
To achieve this notion, the current study examines the effect of indoor thermal conditions on residents’ dissatisfaction
through two distinct yet correlated parts.
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The first phase takes into account how residents feel in their daily experience, based on the inhabitants’ responses to our
stated questions. To do this, we used a descriptive method, through the investigation tool; a questionnaire distributed
to a sample of 83 out of 122 inhabitants, who occupy collective residential buildings located in the 172-housing estate
in Bouzaaroura, Annaba.The second phase involves the use of the Design Builder software, since it consists in setting up
a modelling operation of the real situation (winter and summer period) of the studied residential buildings by aiming
at the predicted average voting indicator (PMV), to test the word of the respondents in relation to the result of the
numerical simulation, from which graphic diagrams were designed.DesignBuilder software (BATISIM 2018) integrates
enhanced energy simulations with the fastest modelling technologies on the market to help engineers, architects, and
energy planners (RT2012) build attractive, energy-efficient buildings (Figure 1).
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Figure 1. Design Builder software system flow chart (source, Batisim.net)

Case study presentation

The city of Annaba is distinguished by its setting, bordered from the west by the Iron Cap point and from the east by
the Cap Rosa point. 600 km from Algiers and 105.7 km west of the Tunisian border, Annaba is located in the north east
of the country bordered by the Mediterranean Sea from the north, with a coastal strip of more than 80km, the wilaya of
Guelma from the south, the wilaya of El-Tarf from the east and the wilaya of Skikda from the west (Zineb and Dénmez
2021). The city is built at the bottom of the Edough mountains that represents a natural shelter from the north and west
winds.The agglomeration comprises the communities of El Bouni, E1 Hadjar, and Sidi Amar, which today form a true ring
surrounding Annaba city and have more dense population and strong connections with the latter (Figure 2).

Figure 2. El Bouni community localization (source, author, 2022)

The area chosen for the current study is a neighbourhood of 172-housing in Bouzaaroura, which is among the housing
estates located in the southern part of the community of El Bouni (Figure 3). The main reason why it was specifically
chosen is because of the high location of this neighbourhood above the sea level, which gives a unique micro-climate to
be investigated in relation to the thermal comfort of the residential buildings built there, with external walls that are
double-walled.
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Figure 3.172-housing location in Bouzaaroura, Annaba (source, Google Earth, modified by the authors, 2022)
Annaba metrological characteristics

The climate in Annaba is distinctly Mediterranean, characterized by long, chilly, windy and partly cloudy winters and
warm, heavy, dry, and generally clear summers throughout the year. The temperature generally ranges from 8°C to 30°C
and is rarely below 5°C or above 34°C. The very hot season lasts 3.2 months, from June 21 June to 28 September, with an
average daily maximum temperature of over 30°C. The hottest month of the year in Annaba is August, with an average
maximum temperature of 33°C and a minimum of 21°C. The cool season lasts for 3.9 months, from 30 November to
25 March, with an average daily maximum temperature of less than 18°C. The coldest month of the year in Annaba is
January, with an average minimum temperature of 8 °C and a maximum of 16 °C (Figure 4).
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Figure 4. Average temperature and precipitation of Annaba city
Sociological Survey Design and Simulation Process

Figure 5 shows a collective arrangement of seven buildings located on the Bouzaaroura hill in El Bouni, Annaba. First,
a total of 83 respondents from this housing estate participated in the sociological survey conducted in 2020-2021,
through a questionnaire distributed in the following buildings (B07, B08, B12, B13, B14, B15, B16). The questionnaire
survey aimed to obtain residents’ thermal sensation in their dwellings.

Second, to confirm the opinion of the respondents on their thermal comfort, the simulation process was carried out
during the winter and summer periods, mainly in a flat that occupies the first floor in the Building 13 (Figure 6), with
a living area of 74m?, consisting of a living room, a kitchen, a toilet, a bathroom and two bedrooms. This flat is oriented
along with the north-south axis. The architectural design of the dwellings in Building 13 is based on a prototype plan,
where we find that the rooms are organized around a clearance space (the L-shaped corridor). From a technical point
of view, it is shown that these rooms have walls leading either to the outside or to an uninhabitable space, of which the
living room and bedroom 2 are the rooms that have almost half of the wall surface exposed to strong wind at winter and
a lot of sunshine at summer, which expresses the choice of the simulation operation afterwards.

96 www.ijissh.org | Int J Innov Stud Sociol Humanities | Volume 8, Issue 1,2023



Assessment of the Thermal Well being of Collective Residential Buildings: A Case Study from Annaba, Algeria

Figure 5. Mass plan (on the left) and 3D modelling (on the right) of the 172-housing in Bouzaaroura
(source, authors, 2022)

Figure 6. Floor plan of the investigated flat (source, authors, 2022)
RESULTS AND DISCUSSION

The potential presence of thermal discomfort in the collective residential buildings located in the 172-housing estate
in Bouzaaroura, Annaba, led us to establish this study, whose analysis of these results is presented in the following
sections.

It is shown in Figure 7 that 92% of the inhabitants of the 172-housing estate in Bouzaaroura declared a lack of thermal
comfort in their living quarters, in relation to the poor thermal performance of the construction materials of these
buildings with regard to summer heat and winter cold.

Figure 7. State of thermal comfort of the inhabitants surveyed in the 172-housing estate (source, authors, 2022)

This result is confirmed by the operation of the housing simulation of the Block 13 building, where this operation
revealed that the variation of the PMV indicator (Predicted Average Vote, by Fanger calculated according to ISO 7730,
varied between [-1.2, -2.6] during the winter period which corresponds to 17 November to 23 March (Figure 8), and
which can reach the conventional limit. This implies that a PMV of -2.6 corresponds to the PPD indicator (Predicted
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Percentage Dissatisfaction) reflecting 94% dissatisfaction of the inhabitants with the thermal well-being in their
dwellings (Figure 9).
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Figure 8. Change in the PMV indicator for block 13 (source, authors, 2022)
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Figure 9. Graph of the correspondence of the PMV and PPD index (source, https://www.beswic.be/fr/themes/agents-
physiques/ambiances-thermiques)

Figure 10 shows the percentages of the responses of 83 participants in relation to energy consumption in their homes.
Based on these percentages, we can see that 87% of the respondents in the 172-housing estate in Bouzaaroura suffered
from excessive energy consumption in their homes. This is due to the intense use of technical equipment during both
periods (cold and hot) to ensure heating and cooling, and this has had a negative impact on the energy bills to be paid
(Figure 11).
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Figure 10. Percentage of respondents’ answers on energy Figure 11. Energy consumption costs paid by residents
consumption (source, authors, 2022) (source, authors, 2022)

Similarly, the results of these variables are confirmed by the operation of the simulation assisted by the Design Builder

software (Figure 12) where it is shown that the values of sensible heat of the area are higher from December to March

where it reaches a maximum value of 1.52kwh/m? day, on December 17 and 24 and January 28. On the other hand, it

98 www.ijissh.org | Int J Innov Stud Sociol Humanities | Volume 8, Issue 1,2023



Assessment of the Thermal Well being of Collective Residential Buildings: A Case Study from Annaba, Algeria

was found that the sensible cooling of the studied flat is increased in the hot period from June until the end of September
where it reaches a maximum value of 1.2 kWh/m? day, on 23 and 26 August. This confirms the opinion of the surveyed
inhabitants about their situation with respect to thermal comfort.
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Figure 12. Simulation of the thermal review (source, authors, 2022)

Furthermore, based on the respondents’ answers to the question of the state of thermal comfort in winter in the surveyed
buildings, the lack of thermal satisfaction among all respondents can also be seen. Therefore, 65 people (78%) stated
that it was very cold and 20% (17 people) answered just that winter cold in their dwellings is tolerable (Figure 13).
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Figure 13. Thermal comfort level in winter (source, authors, 2022)

In relation to the execution of the simulation, Figure 14 showed that the operating temperature (TO) obtained (from
October to 10 November) was between 18°C and 25°C, which corresponds to a PMV (-0.8) suitable for the zone that is
a little cold, and from 10 November to the end of March, the TO values reached up to 13.7°C, which corresponds to a
PMV (-3) indicating that the zone is very cold. This caused a sensation of thermal discomfort among the occupants of

the flat.
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Figure 14. Simulation of the temperature in winter (source, authors, 2022)
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Figure 15 shows the percentages from the answers of the inhabitants regarding the level of thermal comfort in the homes
in hot periods. The majority of the respondents (55.5%) were thermally satisfied, while 44.5% of them expressed their
dissatisfaction with the thermal situation in their dwellings. Mainly in the high-summer weather conditions which show
a high degree of heat especially for the month of August.

| 46
= 0
=
=3
2 a1
=
=
= 20
b
-
=
] 4
= i}
A B
Satisfaciory Hot ino b
Thermal combort level

Figure 15. Level of thermal comfort in summer (source, authors, 2022)

The results of the simulation at this point (Figure 16) validated the answers with respect to the variable on the state of
thermal comfort in summer, where it was indicated that the TO values of the operating temperature are between 16 °C
and 25 °C from April to 06 June, from this date the TO remained at 25.5 °C only until August, when it could reach 27 °C.
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Figure 16. Level of thermal comfort in summer (source, authors, 2022)

Moreover, an insufficient temperature-humidity comfort range has a very dangerous impact on the health of the
occupants. As shown in figures 17 and 18, we found that 1/3 of the respondents suffer from chronic diseases, (i.e., 58%
of the inhabitants surveyed are confronted by chronic morbidities), allergy, blood pressure instability, and diabetes are
the main effects of a bad thermal comfort. Also, since the results showed that more 39/83 respondents have allergy and
respiratory disorder, 20/83 respondents have diabetes, and 16/83 have blood pressure(Peter R. Woodhouse, Khaw,
and Plummer 1993),(Pedley, Paterson, and Morrison 2002). On the other hand, rheumatism and osteoarthritis are
diseases with low temperatures in winter found in 8/83of the respondents. Similar findings on health complications
due to thermal discomfort in residential buildings were established in a study conducted by (Haruna, Muhammad, and
Oraegbune 2018).
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Figure 17. Percentage of the respondents with and Figure 18. Number of sicknesses found throughout the
without sickness (source, authors, 2022) survey (source, authors, 2022)

100 www.ijissh.org | Int J Innov Stud Sociol Humanities | Volume 8, Issue 1,2023



Assessment of the Thermal Well being of Collective Residential Buildings: A Case Study from Annaba, Algeria

In summary, by the results obtained from the sociological survey and the established simulation, it was evident that about
90% of the surveyed occupants suffer from a level of thermal comfort with a high degree of deterioration (PMV =-2.6),ina
first step to propose passive solutions to reduce the discomfort is to understand the temperatures that individuals suffer
in their homes and the upper limits that the occupants can withstand. Other studies have been conducted on residential
buildings in other regions in the world, such as Nigeria (Akande and Adebamowo 2010), Semera in Nigeria(Hailu, Gelan,
and Girma 2021)where it was obtained that people were not in an acceptable thermal conditions in their residences. In
addition, the study conducted by (M. Adaji, Watkins, and Adler 2016), showed that the occupants of the studied buildings
in Abuja, Nigeriaare not satisfied with the thermal environment of their living places. In another study, (Yu et al. 2017)
showed that the thermal comfort temperature range is acceptable for residential buildings produced in Tibet region
of China.(Zhang L. et al. 2015) revealed that the indoor thermal comfort of residential buildings in Kangle village is
slightly worse.The research by(Mahar, Amer, and Attia 2018)) revealed that the majority of the houses examined in
Quetta, Pakistan, did not offer its tenants the level of comfort they desired. Due to scorching summers and chilly winters,
residents need active systems to maintain thermal comfort. More than two-thirds of urban dwellers in Nigeria were not
satisfied with their thermal environment, according to research (M. U. Adaji et al. 2019). Furthermore, the results of this
investigation have confirmed that the lack of thermal well-being of the inhabitants affects their sanitary conditionand it
was found that they suffer from chronic morbidities (allergy, rheumatism, diabetes, tension).

Numerous studies have been conducted on the consequences of exposure to low and high temperatures on human
health. The severity of the potential health impact increases as the temperature falls below 18°C.Blood thickening and
hypertension are two bodily reactions to cold temperatures(P. R. Woodhouse, Khaw, and Plummer 1993) and in (Saeki
et al. 2014) around 16°C, respiratory stress occurs (collins 1993). Which explains the presence of chronic diseases
(allergy and tension) in this study where the TO is lowered to 15°C. Additionally, exposure to high temperatures results
in respiratory-related hospitalizations and fatalities (Nayha et al. 2013). Studies have connected Indoor Environment
Quality (IEQ) to mental health and conditions including obesity, cardiovascular disease, and asthma-related issues that
are not immediately obvious but may cause serious issues in the future(Houtman et al. 2008); (Jaakkola et al. 2013). All
these studies and more show the importance of preserving the human health regarding the thermal aspect, mainly in
residential buildings.

CONCLUSION

The perception of the inhabitants of a residential housing estate in Bouzaaroura, Annaba with regard to the interior
environment experienced on a daily basis and their degree of satisfaction concerning the interior thermal comfort has
been studied.From the answers of the 83 respondents and the graphic diagrams acquired by the software DesignBuilder,
the conclusive points are the following:

e It was found from the responses of the respondents that there is a real problem of thermal discomfort that the
inhabitants suffer in their dwellings.

e The inhabitants surveyed reported discomfort mainly in the winter period due to low temperatures caused by
insufficient thermal insulation of the external walls, in contrast to the warm period, when the majority of the
inhabitants expressed their tolerance for the temperature of the interior environment of the dwelling.

e The concern expressed by all the inhabitants about the lack of thermal comfort led them to adopt technical heating
and cooling installations, which resulted in excessive energy consumption and this was reflected in the rates to be
paid.

e According to the ASHRAE scale, the PMV (Predicted Average Vote) indicator reached a maximum value of -2.56,
which in the very low temperature range is equivalent to a significant level of dissatisfaction of the inhabitants (PPD:
Predicted Percentage Dissatisfaction) equal to 94%.

e In summer, the operating temperature from June to the end of September is admissible (16 - 25°C).

o The results of the sociological survey showed that the indoor climate of the inhabited places affects the physical
health of the inhabitants, which evoked the occurrence of many chronic diseases.

e The correlation of the simulation results with the Design Builder software is highly consistent with that of the
sociological survey conducted in this neighborhood.

www.ijissh.org | IntJ Innov Stud Sociol Humanities | Volume 8, Issue 1,2023 101



Assessment of the Thermal Well being of Collective Residential Buildings: A Case Study from Annaba, Algeria

Funding

The author(s) received no financial support for the research, authorship, and/or publication of this article.

Competing of Interests

The author(s) declare that they have no competing of interests.

REFERENCES

1.

10.

11.

12.
13.

14.

Adaji, Michael U., Timothy 0. Adekunle, Richard Watkins, and Gerald Adler. 2019. “Indoor Comfort and Adaptation
in Low-Income and Middle-Income Residential Buildings in a Nigerian City during a Dry Season.” Building and
Environment 162 (September): 106276. https://doi.org/10.1016/j.buildenv.2019.106276.

Adaji, Michael, Richard Watkins, and Gerald Adler. 2015. “An Investigation Into Thermal Comfort In Residential
Buildings In The Hot Humid Climate Of Sub-Saharan Africa: A Field Study In Abuja-Nigeria.” In . Bologna. https://
karkent.ac.uk/52682/.

Adaji, Michael, Richard Watkins, and Gerald Adler. 2016. “Thermal Comfort of Occupants during the Dry and Rainy
Seasons in Abuja, Nigeria.” In, 542-65. UK: Network for Comfort and Energy Use in Buildings. https://kar.kent.
ac.uk/59006/.

Adekunle, Timothy, and Marialena Nikolopoulou. 2014. Post-Occupancy and Indoor Monitoring Surveys to Investigate
the Potential of Summertime Overheating in UK Prefabricated Timber Houses.

Adunola, Adewale, and and Ajibola. 2012. Thermal Comfort Considerations and Space Use within Residential Buildings
in Ibadan, Nigeria.Proceedings of 7th Windsor Conference: The Changing Context of Comfort in an Unpredictable
World.

Akande, Oluwafemi, and Michael Adebamowo. 2010. Indoor Thermal Comfort for Residential Buildings in Hot-Dry
Climate of Nigeria.

Al horr, Yousef, Mohammed Arif, Martha Katafygiotou, Ahmed Mazroei, Amit Kaushik, and Esam Elsarrag. 2016.
“Impact of Indoor Environmental Quality on Occupant Well-Being and Comfort: A Review of the Literature.”
International Journal of Sustainable Built Environment 5 (1): 1-11. https://doi.org/10.1016/j.ijsbe.2016.03.006.

Al-Tamimi, Nedhal M., Sharifah Fairuz Syed Fadzil, and Wan Mariah Wan Harun. 2011. “The Effects of Orientation,
Ventilation, and Varied WWR on the Thermal Performance of Residential Rooms in the Tropics.” Journal of
Sustainable Development 4 (2): p142. https://doi.org/10.5539/jsd.v4n2p142.

Aparicio Ruiz, Pablo, Elena Barbadilla, José Guadix, and Jesus Mufiuzuri. 2021. “A Field Study on Adaptive Thermal
Comfort in Spanish Primary Classrooms during Summer Season.” Building and Environment 203 (June): 108089.
https://doi.org/10.1016/j.buildenv.2021.108089.

Asif, Ayesha, Muhammad Zeeshan, Shoaib Raza Khan, and Nabia Farrukh Sohail. 2022. “Investigating the Gender
Differences in Indoor Thermal Comfort Perception for Summer and Winter Seasons and Comparison of Comfort
Temperature Prediction Methods.” Journal of Thermal Biology 110 (December): 103357. https://doi.org/10.1016/j.
jtherbio.2022.103357.

Aslan, Asiye. 2021. “Investigation of The Effect of Optimum Insulation Thickness of Building Exterior Walls on
Energy Consumption and Reduction of Emissions.” Engineering Sciences 16 (2): 64-77. https://dergipark.org.tr/
en/pub/nwsaeng/issue/62039/852451.

BATISIM. 2018. “DesignBuilder.” https://www.batisim.net/designbuilder.html.

Boulemaredj, Ali, and Fatma Haridi. 2022. “Assessment of Noise Pollution and Discomfort Levels of the Residents of
the Champs De Manoeuvre Neighbourhood, Guelma, Algeria.” International Journal of Innovative Studies in Sociology
and Humanities 7 (July): 170-79. https://doi.org/10.20431/2456-4931.0706016.

Ceter, Aydin, Nese Alkan, and Cihan Turhan. 2021. The Relationship Between Thermal Comfort And Human
Psychology.

102

www.ijissh.org | Int J Innov Stud Sociol Humanities | Volume 8, Issue 1,2023



Assessment of the Thermal Well being of Collective Residential Buildings: A Case Study from Annaba, Algeria

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Ealiwa, M. A, A. H Taki, A. T Howarth, and M. R Seden. 2001. “An Investigation into Thermal Comfort in the
Summer Season of Ghadames, Libya.” Building and Environment 36 (2): 231-37. https://doi.org/10.1016/S0360-
1323(99)00071-2.

El AKkili, Zoubayre, Youcef Bouzidi, Abdelatif Merabtine, Guillaume Polidori, and Amal Chkeir. 2021. “Experimental
Investigation of Adaptive Thermal Comfort in French Healthcare Buildings.” Buildings 11 (11): 551. https://doi.
org/10.3390/buildings11110551.

Hailu, Haven, Eshetu Gelan, and Yared Girma. 2021. “Indoor Thermal Comfort Analysis: A Case Study of Modern and
Traditional Buildings in Hot-Arid Climatic Region of Ethiopia.” Urban Science 5 (3): 53. https://doi.org/10.3390/
urbansci5030053.

Haruna, Amos Chom, Umbugala Douglas Muhammad, and Orjiako Marcel Oraegbune. 2018. “Analysis of Indoor
Thermal Comfort Perception of Building Occupants in Jimeta, Nigeria.” Civil and Environmental Research 10 (4): 11.

Houtman, Irene, Marjolein Douwes, Tanja de Jong, Jan Michiel Meeuwsen, Mat Jongen, Frank Brekelmans, Marieke
Weegh, et al. 2008. New Forms of Physical and Psychosocial Health Risks at Work. https://doi.org/10.13140/
RG.2.2.21037.79845.

Humphreys, M. A,, H. B. Rijal, and J. F. Nicol. 2013. “Updating the Adaptive Relation between Climate and Comfort
Indoors; New Insights and an Extended Database.” Building and Environment 63 (May): 40-55. https://doi.
org/10.1016/j.buildenv.2013.01.024.

ISO. 2005. “ISO 7730:2005.” ISO. 2005. https://www.iso.org/fr/standard/39155.html.

Jaakkola, Maritta, Reginald Quansah, Timo Hugg, Sirpa Heikkinen, and Jouni Jaakkola. 2013. “Association of Indoor
Dampness and Molds with Rhinitis Risk: A Systematic Review and Meta-Analysis.” The Journal of Allergy and Clinical
Immunology 132 (September). https://doi.org/10.1016/j.jaci.2013.07.028.

Jiao, Yu, Hang Yu, Yifan Yu, Zi Wang, and Qi Wei. 2020. “Adaptive Thermal Comfort Models for Homes for Older People
in Shanghai, China.” Energy and Buildings 215 (May): 109918. https://doi.org/10.1016/j.enbuild.2020.109918.

Kelechava, Brad. 2021. “ANSI/ASHRAE 55-2020: Thermal Environmental Conditions for Human Occupancy.” The
ANSI Blog (blog). February 16, 2021. https://blog.ansi.org/ansi-ashrae-55-2020-thermal-environmental-conditions/.

Lomas, K. ].,and T. Kane. 2013. “Summertime Temperatures and Thermal Comfort in UK Homes.” Building Research
& Information 41 (3): 259-80. https://doi.org/10.1080/09613218.2013.757886.

Lopez-Pérez, L. A,, ]. ]. Flores-Prieto, and C. Rios-Rojas. 2019. “Adaptive Thermal Comfort Model for Educational
Buildings in a Hot-Humid Climate.” Building and Environment 150 (March): 181-94. https://doi.org/10.1016/].
buildenv.2018.12.011.

Mahar, Wagas Ahmed, Mohamed Amer, and Shady Attia. 2018. “INDOOR THERMAL COMFORT ASSESSMENT OF
RESIDENTIAL BUILDING STOCK IN QUETTA, PAKISTAN.”

Messaoudi, Mohammed Tahar, Boubekeur Dokkar, Naoui Khenfer, and Mohamed Cherif Benzid. 2021. “3D
Investigation of Semi-Underground Room Comfort in a Desert Climate.” Journal of Thermal Engineering 7 (7):
1590-1590. https://doi.org/10.18186/thermal.1025643.

Nayh4, Simo, Hannu Rintamaki, Gavin Donaldson, Juhani Hassi, Pekka Jousilahti, Tiina Laatikainen, Jouni Jaakkola,
and Tiina Ikdheimo. 2013. “Heat-Related Thermal Sensation, Comfort and Symptoms in a Northern Population:
The National FINRISK 2007 Study.” European Journal of Public Health 24 (October). https://doi.org/10.1093/eurpub/ckt159.

Nematchoua, Modeste Kameni, René Tchinda, Paola Ricciardi, and Noél Djongyang. 2014. “A Field Study on Thermal
Comfort in Naturally-Ventilated Buildings Located in the Equatorial Climatic Region of Cameroon.” Renewable and
Sustainable Energy Reviews 39 (November): 381-93. https://doi.org/10.1016/j.rser.2014.07.010.

Nicol, Fergus. 1993. Thermal Comfort: A Handbook for Field Studies Towards an Adaptive Model. University ofEast
London.

———. 2004. “Adaptive Thermal Comfort Standards in the Hot-Humid Tropics.” Energy and Buildings, Building
Research and the Sustainability of the Built Environment in the Tropics, 36 (7): 628-37. https://doi.org/10.1016/j.
enbuild.2004.01.016.

Pedley, D.K, B. Paterson, and W. Morrison. 2002. “Hypothermia in Elderly Patients Presenting to
Accident & Emergency During the Onset of Winter” Scottish Medical Journal 47 (1): 10-11. https://doi.
org/10.1177/003693300204700105.

www.ijissh.org | IntJ Innov Stud Sociol Humanities | Volume 8, Issue 1,2023 103



Assessment of the Thermal Well being of Collective Residential Buildings: A Case Study from Annaba, Algeria

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Saeki, K., K. Obayashi, J. Iwamoto, N. Tone, N. Okamoto, K. Tomioka, and N. Kurumatani. 2014. “The Relationship
between Indoor, Outdoor and Ambient Temperatures and Morning BP Surges from Inter-Seasonally Repeated
Measurements.” Journal of Human Hypertension 28 (8): 482-88. https://doi.org/10.1038/jhh.2014.4.

Samuel, D., K. Dharmasastha, S. Nagendra, and M. Maiya. 2017. “Thermal Comfort in Traditional Buildings Composed
of Local and Modern Construction Materials.” International Journal of Sustainable Built Environment. https://www.
semanticscholar.org/paper/Thermal-comfort-in-traditional-buildings-composed-Samuel-Dharmasastha/08ec82
€99ca2593bb71214c05934e4c3551f8a4e.

Service, Algérie Press. 2019. “Le secteur du batiment, premier consommateur d’énergie en Algérie.” 2019. https://
www.aps.dz/economie/85470-le-secteur-du-batiment-premier-consommateur-d-energie-en-algerie.

Slipek, Milena, Mandana Sarey Khanie, Daria Zukowska-Tejsen, Jakub Kolarik, and Toke Nielsen. 2017. Visual
Comfort Evaluation in Residential Buildings: A Simulation-Based Study.

Taleghani, Mohammad, Martin Tenpierik, Stanley Kurvers, and Andy van den Dobbelsteen. 2013. “A Review into
Thermal Comfort in Buildings.” Renewable and Sustainable Energy Reviews 26 (October): 201-15. https://doi.
org/10.1016/j.rser.2013.05.050.

Toy, Stileyman, and Noémi Kantor. 2017. “Evaluation of Human Thermal Comfort Ranges in Urban Climate of Winter
Cities on the Example of Erzurum City.” Environmental Science and Pollution Research 24 (2): 1811-20. https://doi.
org/10.1007/s11356-016-7902-8.

Woodhouse, P. R, K. T. Khaw, and M. Plummer. 1993. “Seasonal Variation of Blood Pressure and Its Relationship to
Ambient Temperature in an Elderly Population.” Journal of Hypertension 11 (11): 1267-74.

Woodhouse, Peter R., Kay-Tee Khaw, and Martyn Plummer. 1993. “Seasonal Variation of Blood Pressure and Its
Relationship to Ambient Temperature in an Elderly Population.” Journal of Hypertension 11 (11): 1267-74. https://
journals.lww.com/jhypertension/abstract/1993/11000/seasonal_variation_of blood_pressure_and_its.15.aspx.

Wu, Yuxin, Mengwei Yuan, Chao Li, Yong Cheng, and Hong Liu. 2019. “The Effect of Indoor Thermal History on
Human Thermal Responses in Cold Environments of Early Winter” Journal of Thermal Biology 86 (December):
102448. https://doi.org/10.1016/j.jtherbio.2019.102448.

Yu, Wei, Baizhan Li, Runming Yao, Di Wang, and Ketong Li. 2017. “A Study of Thermal Comfort in Residential
Buildings on the Tibetan Plateau, China.” Building and Environment 119 (April). https://doi.org/10.1016/j.
buildenv.2017.04.009.

Zhang L., Liu ].P, Zhao ].Y,, and An F. 2015. “Test Study of the Indoor Thermal Environment in Winter of Herdsman
Settlement Residential Building in China s Western Mountain Grassland Area.” Chemical Engineering Transactions
46 (December): 703-8. https://doi.org/10.3303/CET1546118.

Zineb, Salhi, and Yasin Dénmez.2021. “Urban Identity and Environmental Perception in Annaba, Algeria.” Kastamonu
University Journal of Engineering and Sciences 7 (2): 83-99. https://dergipark.org.tr/en/pub/kastamonujes/
issue/66389/954758.

Citation: Saifi Amel, Haridi Fatma Zohra, et al. Assessment of the Thermal Well being of Collective Residential
Buildings: A Case Study from Annaba, Algeria. Int | Innov Stud Sociol Humanities. 2023;8(1): 93-104. DOI: https://doi.
org/10.20431/2456-4931.080109.

Copyright: © 2023 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY)
4.0 license

104

www.ijissh.org | Int J Innov Stud Sociol Humanities | Volume 8, Issue 1,2023



