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Abstract 
 

In Algeria, the final energy consumption remains dominated by the housing sector, which 

represents 36% of the total final consumption. In 2019, the energy use increased more than 

80 % from 2009. Thus, the prospects for developing the housing stock will lead to an 

exponential increase in this energy consumption. However, Buildings in the residential 

sector nevertheless have a significant potential for energy savings. In this context, the 

construction of energy-efficient housing is essential for controlling energy consumption in 

the residential sector. 

The performance optimization of low-energy buildings should always take place in 

the early design stages when most of the critical decisions affecting building energy 

performance are made by integrating the optimal values of different building parameters 

depending on the climatic conditions. To design and construct low-energy buildings, it is 

essential to assure informed decision-making during the early design phases. Therefore, 

there is a need for the development of decision support tools that can predict the building 

performance and support the design decision making of low-energy buildings. 

This research aims to contribute to the implementation of energy-efficient housing buildings 

across the Algerian territory and under all Algerian climate zones through informed design 

decision making in the early design stages of low-energy building. Therefore, this thesis 

developed a decision support model that could estimate building energy performance 

(cooling and heating energy loads) in early design stages without using building 

performance simulation tools. The model provides rapid, energy-relevant feedback, and 

visualize possible consequences of the design decisions. 

Initially, the bioclimatic potential of all Algerian climate zones has been investigated 

using a dual approach that combines psychrometric chart-based analysis with building 

performance simulation analysis (EnergyPlus) to provide accurate bioclimatic design 

recommendations. Afterwards, the thermal and energetic behaviour of the typical multi-

family apartment buildings, across the Algerian territory, has been evaluated using BPS 

techniques (EnergyPlus) combined with GIS to generate a new spatial distribution map for 

energy demand and thermal comfort estimation in Algeria. These maps will inform building 

designers without accessing, analyzing, or interpreting dense textual information. 

Then, the typical multi-family apartment building design has been optimized for each climate 

zone using a mixed approach that combine between building performance simulation (BPS) 

tool (EnergyPlus) and building performance optimization (BPO) algorithm (NSGA-II). 

Finally, this research ends by developing a design decision-making model based on 

prediction using an Adaptive Neuro-Fuzzy Inference System (ANFIS) to estimate the 
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cooling and the heating energy loads of the typical multifamily social residential building 

through the building design parameters variation. As a result, this thesis provided design 

recommendations for each climate zone and a decision-making model that presented a high 

accuracy level. 

Keywords: low-energy building, energy efficiency, thermal comfort, climatic zoning; design 
optimization, NSGA-II, ANFIS, decision-making model. 
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Résumé 
 
En Algérie, la consommation finale reste dominée par le secteur résidentiel qui représente 

36% de la consommation finale totale  .En 2019 cette consommation a augmenté de plus 

de 80% par rapport à 2009. Ainsi, Les perspectives de développement du parc de 

logements conduiront à une augmentation exponentielle de cette consommation 

énergétique. Cependant, le secteur des bâtiments résidentiel présentent néanmoins un 

potentiel d'économies d'énergie important. Dans ce contexte, la réalisation de logements 

performants s’impose comme une nécessité à la maîtrise des consommations énergétiques 

du secteur résidentiel. 

L’optimisation des performances des bâtiments à basse consommation doit toujours avoir 

lieu dans les étapes primaires de la conception, lorsque la plupart des décisions clés 

affectant la performance énergétique des bâtiments sont prises par l’intégration des valeurs 

optimales des différents paramètres du bâtiment en fonction des conditions climatiques. 

Afin de concevoir et construire tels bâtiments, il est essentiel de garantir une prise de 

décision informée au cours des phases primaires de conception. Par conséquent, il est 

nécessaire de développer des outils d'aide à la décision capables de prédire la performance 

du bâtiment et de soutenir la prise de décision de conception de bâtiments basse 

consommation. 

Cette recherche vise à contribuer à la mise en œuvre de bâtiments résidentiels basse 

consommation énergétique sur tout le territoire Algérien et sous toutes les zones 

climatiques Algériennes par une prise de décision informée dès les premières phases de 

conception. Par conséquent, cette thèse a développé un modèle d'aide à la décision 

capable d’estimer la performance énergétique du bâtiment (charges énergétiques de 

climatisation et de chauffage) aux premières phases de la conception sans utiliser les outils 

de simulation de la performance du bâtiment. Ainsi, il peut fournir une rétroaction rapide et 

pertinente sur le plan énergétique et visualiser les conséquences possibles des décisions 

de conception. 

Dans un premier temps, le potentiel bioclimatique de toutes les zones climatiques 

algériennes a été étudié en combinant deux approches d’analyse : la première approche 

d’analyse est basée sur le diagramme psychrométrique et la deuxième est basée sur la 

simulation de la performance des bâtiments (EnergyPlus), afin de fournir des 

recommandations précises de conception bioclimatique pour l'Algérie. Par la suite, le 

comportement thermique et énergétique d’un immeuble d'habitation typique a été évalué 

sur le territoire algérien à l'aide de techniques BPS (EnergyPlus) combinées à un SIG pour 

générer de nouvelles cartes de distribution spatiale de la consommation énergétique et de 
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l'estimation du confort thermique en Algérie. Ces cartes informeront les concepteurs de 

bâtiments sans accéder, analyser ou interpréter des informations textuelles denses. 

Ensuite, la conception d’immeubles d'habitation typique a été optimisé pour chaque zone 

climatique à l'aide d'une approche mixte combinant l'outil de simulation de la performance 

du bâtiment (BPS) (EnergyPlus) et l'algorithme d'optimisation de la performance du 

bâtiment (BPO) (NSGA-II). Enfin, cette recherche se termine par le développement d'un 

modèle d’aide à la décision pour la conception du bâtiment. Ce modèle est basé sur la 

prédiction à l'aide d'un système d'inférence neuro-floue adaptatif (ANFIS) pour estimer les 

charges énergétiques de chauffage et de climatisation du bâtiment résidentiel typique grâce 

à la variation de leurs paramètres de conception. En conséquence, cette thèse a fourni des 

recommandations de conception pour chaque zone climatique et un modèle de prise de 

décision présentant un niveau de précision élevé. 

 
Mot clés : bâtiment basse consommation, efficacité énergétique, confort thermique, 

zonage climatique ; optimisation de la conception, NSGA-II, ANFIS, modèle d’aide à la 

décision. 
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 ملخص 

٪ من إجمالي الاستهلاك. في 36يهيمن على الاستهلاك النهائي للطاقة ، والذي يمثل    ي الجزائر ف  السكنلا يزال قطاع  

ستؤدي   زيادة حظيرة السكن. وبالتالي ، فإن احتمالات  2009٪ عن عام  80، زاد استخدام الطاقة بأكثر من    2019عام  

إمكانات كبيرة لتوفير الطاقة. في    ذو  خاصة السكني منه  المباني  قطاع  لهذا يعتبرإلى زيادة هائلة في استهلاك الطاقة.  

 . هذا السياق ، يعد بناء المساكن الموفرة للطاقة أمرًا ضروريًا للتحكم في استهلاك الطاقة

اتخاذ    اي في الوقت الذي يتم فيهأداء المباني منخفضة الاستهلاك في المراحل الأولية من التصميم ،  تحسين  يجب ان يتم  

  للمعطياتالمختلفة وفقًا    هلعناصرالقيم المثلى    ادراجمن خلال    ويالطاق  ئهارات الرئيسية التي تؤثر على أدامعظم القر

خلال مراحل  اكيدة  من الضروري ضمان اتخاذ قرارات  ا النوع من المباني  أجل تصميم وإنشاء مثل هذفمن    المناخية.

 مثلى  لتطوير أدوات دعم القرار القادرة على التنبؤ بأداء المبنى واتخاذ قرارات  ماسة  هناك حاجة  ،. لذلكالتصميم الأولية

 .تصميملل

التراب   أنحاء  جميع  في  للطاقة  المنخفض  الاستهلاك  ذات  السكنية  المباني  تنفيذ  في  المساهمة  إلى  البحث  هذا  يهدف 

المراحل الأولى للتصميم. لذلك    في  اكيدةمن خلال اتخاذ قرارات    في الجزائرجميع المناطق المناخية    عبرالجزائري و

التدفئة(  والهواء  احمال تبريدللمبنى ) ويداء الطاقبالأ  التنبؤفقد طورت هذه الأطروحة نموذجًا لدعم القرار قادرًا على 

محاكاة   أدوات  استخدام  دون  التصميم  من  الأولى  المراحل  أن  لأفي  يمكن   ، وبالتالي  المبنى.  النموذج  وفريداء    هذا 

 النتائج المحتملة لقرارات التصميم. تقديرملاحظات سريعة و

باستخدام نهج مزدوج يجمع بين   في الجزائرلجميع المناطق المناخية    البيومناخيةالإمكانات    دراسة  تفي البداية ، تم

النفسي البياني  الرسم  القائم على  المبنى )  (psychrometric chart)  التحليل  أداء  (  EnergyPlusوتحليل محاكاة 

 الاكثر انتشاراي للمباني السكنية  طاقو. بعد ذلك ، تم تقييم السلوك الحراري والالبيومناخيلتصميم  للتقديم توصيات دقيقة  

جنبًا إلى جنب   (EnergyPlus)(BPS)محاكاة اداء المبنى    عبر الأراضي الجزائرية ، باستخدام تقنيات  )نموذجي(

الطاقة وتقدير الراحة الحرارية    لاستهلاكجديدة    جغرافيلإنشاء خرائط توزيع    (GIS)   نظام المعلومات الجغرافية  مع

إلى المعلومات   عتماددون الا في مهمتهم  مصممي المباني    ستساعد  الجزائر. هذه الخرائط  هذا النوع من المباني في  في

 النصية الكثيفة أو تحليلها أو تفسيرها.

منطقة مناخية باستخدام نهج مختلط يجمع بين أداة محاكاة   في كللمبنى السكني  اتصميم  ل  اتتحسين  ت عمليةتم  بعد ذلك ،

هذا البحث من   ختتم. أخيرًا ، ي(NSAG-II) (BPO)( وخوارزمية تحسين أداء المباني  EnergyPlusنى )اأداء المب

التصميم بناءً على التنبؤ باستخدام نظام الاستدلال العصبي الضبابي التكيفي   اتتخاذ قرارمساعد لا خلال تطوير نموذج

(ANFISلتقدير أحمال )  المبنى. عناصر  تباين تصميم    النموذجي اعتمادا علىتبريد و التدفئة للمبنى السكني  ال  طاقة

 نع القرار عالي الدقة. صمساعد لنتيجة لذلك ، قدمت هذه الأطروحة توصيات التصميم لكل منطقة مناخية ونموذج 

 مبنى منخفض الاستهلاك ، كفاءة الطاقة ، الراحة الحرارية ، تقسيم المناطق المناخية ؛ تحسين الكلمات المفتاحية:
نظام الاستدلال العصبي  (ANFIS)، خوارزمية جينية غير مسيطرة مع إستراتيجية النخبة( NSGA-II) التصميم ،

 .،، نموذج دعم القرار الضبابي التكيفي
 
 

https://arabicprogrammer.com/article/7217175004/
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ANFIS: Adaptive Neuro-Fuzzy Inference System  

ANN: Artificial Neural Network  

ASHRAE: American Society of Heating, Refrigerating, and Air-Conditioning Engineers 

BESO: Building Energy Simulation and Optimization 

BPO: Building Performance Optimization   

BPS: Building Performance Simulation 

CNERIB : Centre National d’Etudes et de Recherches Intégrées du Bâtiment 

CV (RMSE): Coefficient of Variation or Root-Mean-Square Error 

DBT: Dry-Bulb Temperature 

DEC: Direct Evaporative Cooling 

DHW : Domestic Hot Water 

DTR : Document Technique Réglementaire 

EEP: Energy and Environmental Performance  

GA: Genetic Algorithm 

GIS: geographic information systems 

HVAC: Heating, Ventilation, and Air Conditioning 

IEA : International Energy Agency 

Ktep : kilotonne d'équivalent pétrole  

LCC: life-cycle cost 

MBE: Mean Bias Error 

MCDM: Multi-criteria Decision Making 

ME: Ministry of Energy 

MED-ENEC: Energy Efficiency in the Construction Sector in the Mediterranean 

MENA: Middle East and North Africa 

MHUV : Ministère de l'Habitat et de l'Urbanisme et de la Ville  

NV: Natural Ventilation 

NSGA-II: Non-dominated Sorting Genetic Algorithm 

https://www-sciencedirect-com.www.sndl1.arn.dz/topics/engineering/lifecycle-cost
https://www-sciencedirect-com.www.sndl1.arn.dz/topics/engineering/multi-criteria-decision-making
http://elmouchir.caci.dz/mhuv-ministre-de-lhabitat-et-de-lurbanisme-et-de-la-ville-1881.html
http://elmouchir.caci.dz/mhuv-ministre-de-lhabitat-et-de-lurbanisme-et-de-la-ville-1881.html
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ONS: Office National des Statistiques 

PMV: Predicted Mean Vote 

PPD: Predicted Percentage of Dissatisfied 

PSH: Passive Solar Heating 

RECREEE: Regional Center for Renewable Energy and Energy Efficiency 

TMY: Typical Meteorological Year 

UNDP: United Nations Development Programme 

U-value: heat-transfer coefficient [W/m2 K] 

WBT: Wet-Bulb Temperature 

WWR: Window-to-Wall Ratio 

 

https://www.ons.dz/
https://www.ons.dz/
https://www.undp.org/content/undp/en/home.html
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I. Chapter 1: General introduction 

I.1. Background 

Worldwide, the buildings and buildings construction sectors combined are responsible for 

over one-third of global final energy consumption, and nearly 40% of total direct and indirect 

CO2 emissions (IEA, 2020). Energy demand from buildings and buildings construction 

continues to rise (see Fig.I-1), driven by improved access to energy in developing countries, 

greater ownership and use of energy-consuming devices, and rapid growth in the global 

building's floor area (IEA, 2020).  

In Algeria, the final consumption remains dominated by the household sector which 

represents 36% of the total final consumption, followed by transport sector which represents 

30.6% and finally the construction and public works sector with 22.7% (ME, 2020). Global 

final energy consumption in the household sector in 2019 increased more than 80 % from 

2009. This energy consumption growth is correlated with changes in household lifestyles 

which is represented by the evolution of the level of household appliances and thermal 

comfort (cooling and heating) (Bouznit et al., 2018; Athmane Ouahab, 2015). Thus, the 

prospects for developing the housing stock will lead to an exponential increase in this 

energy consumption. However, Buildings in the residential sector nevertheless have a 

significant potential for energy savings (Athmane Ouahab, 2015). In this context, the 

construction of energy-efficient housing is essential for controlling energy consumption in 

the residential sector. 

Figure I-1: Total final consumption (TFC) by sector, World 1990-2018 (IEA, 2020) 
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To address these issues, many developed and developing countries are focusing 

their attention on energy performances. They are migrating from these conventional 

buildings towards an energy-efficient buildings particularly low energy building. Therefore, 

Algeria launched several actions falling within the national energy management program 

(PNME 2007-2011 and PNME 2010-2014), notably the Eco-Bat program. This program is 

in partnership with the Ministry of Housing (MHUV) and the National Agency for the 

Promotion and Rationalization of the Use of Energy (APRUE). This project is funded by the 

national fund for energy control (FNME). It aims at building 3000 energy-efficient housing 

units that ensuring optimization of indoor thermal comfort by reducing energy consumption 

related mainly to heating and cooling objectives (APRUE, 2020).  

The pilot project, including 600 energy-efficient housing, is launched in 2011. This project 

is divided across 11 provinces (wilayas) which are selected to cover the different climatic 

zones of the national territory. Also, this project aims to achieve different variants of 

bioclimatic housing, depending on the variation of local climates; promote the use of local 

materials for the construction of housing and demonstrate the feasibility of saving energy 

whatever the climatic conditions. However, beyond the knowledge and expertise that is in 

improvement, the dissemination of good practices in the field remains low in the absence 

of effective regulation and residential building energy efficiency design and assessment 

codes (Moussaoui et al., 2018). 

Generally, low-energy building concept is based on improving the building envelope to 

reduce heating and cooling demand, and using high efficiency equipments as well as 

renewable energy sources (Chlela et al., 2009). Moreover, Passive design measures such 

as the building layout, building form, building envelope thermophysics, infiltration & air-

tightness can make great contributions to low-energy building designs depending on 

climatic conditions (Chen et al., 2018) (Gou et al., 2018).  

I.2. Research problems 

Studies show that low-energy building performance-optimization pathways are almost 

always determined in the early design stages. More than 40% of energy-saving capacities 

come from the earlier designing stage (Han et al., 2018). However, during these stages, 

building designers have relatively limited information about the effects of building 

parameters on energy performance. Besides, the number of parameters that can affect the 

building energy consumption is huge, and different parameters are often in contrasting 

influences. This huge number of building parameters involves the largest number of design 

possibilities which should be considered by designers during the early stages of building 

https://www-sciencedirect-com.www.sndl1.arn.dz/topics/engineering/building-layout
https://www-sciencedirect-com.www.sndl1.arn.dz/topics/engineering/infiltration
https://www-sciencedirect-com.www.sndl1.arn.dz/topics/engineering/airtightness
https://www-sciencedirect-com.www.sndl1.arn.dz/topics/engineering/airtightness
https://www-sciencedirect-com.www.sndl1.arn.dz/topics/engineering/zero-energy-building
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design. This number of possibilities produces very high uncertainty regarding performance 

decisions of low-energy building design. Hence, informing the uncertainty of designers 

during early design stages for decision making is very important. 

During these stages, building performance simulations (BPS) could help designers to 

choose the optimal solution regarding the considered criteria. However, performing such 

parametric study is rather complicated, time consuming because it is based on a post-

decision trial and error approach (Ascione et al., 2016b; Attia et al., 2012; Gou et al., 2018; 

Huang and Niu, 2016; Østerg\aard et al., 2016), where the simulation results are compared 

to the desired value (requires a large number of simulations runs), and forces architects to 

rely on simulation experts during the early design stages because building energy 

simulation models require a high degree of technical specification to characterize a building. 

These reasons limit the building performance simulation tools application during the early 

stages of design. 

On the one hand, current design and decision support tools are inadequate to support and 

inform the design of NZEBs, specifically during early design phases (Attia et al., 2012), 

where less than 8 percent of more than 400 building simulations tools listed by the U.S. 

Department of Energy have potential for early design deployment potential (Østerg\aard et 

al., 2016). On the other hand, a little effort has been made to develop the required methods 

and tools that can predict the building performance and support the design decision making 

of buildings (Attia et al., 2012, 2009; Hygh et al., 2012). As a result, key design decisions 

that can drive building energy performance are often made in the absence of model-based 

estimates.  

It is in this context that this work was carried out. It will therefore be necessary to develop a 

decision support model that allows designers to produce low-energy building in Algeria. The 

proposed model could estimate building energy performance (cooling and heating energy 

loads) in early design stages without using building performance simulation tools, provide 

rapid, energy-relevant feedback, and visualize possible consequences of the design 

decisions—this model based on simulated data of the different combinations of design 

variables variations. A more detailed explanation of the aim and the objectives of this thesis 

is given in the following section of the introduction. 

I.3. Research aims and objectives 

This research aims to contribute to the implementation of energy-efficient housing buildings 

across the Algerian territory and under all Algerian climate zones through informed design 

https://www-sciencedirect-com.www.sndl1.arn.dz/topics/engineering/design-decision-making
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decision making in the early design stages of low-energy building. The specific objectives 

of this research incorporate the following: 

1) Analyze the bioclimatic potential of the Algerian climate zones using a mixed 

approach combing bioclimatic charts and building performance simulations to 

assess the climate and provide accurate bioclimatic design recommendations for 

Algeria. 

2) Develop new zoning maps based on the thermal energy demand and indoor-

discomfort hours of the current social residential building archetype in Algerian 

territory using BPS and GIS tools with a recent weather files dataset to adequately 

inform building designers without accessing, analyzing, or interpreting dense textual 

information. 

3) Investigate the influence of the multi-family apartment building characteristics on the 

definition of optimal passive and energy efficiency solutions considering heating and 

cooling energy performance across the Algerian territory through a mixed approach 

that combine between building performance simulation (BPS) tool and building 

performance optimization (BPO) algorithm. 

4) Develop a design decision-making model based on prediction using an Adaptive 

Neuro-Fuzzy Inference System (ANFIS) to estimate the cooling and the heating 

energy loads of the typical multifamily social residential building through the building 

design parameters variation. 

I.4. Thesis outline 

This thesis consists of 4 core chapters in addition to an introduction and conclusion 

chapters. A discussion section is added after each core chapter. Thus, there is no 

discussion chapter in this thesis.  

In Part-I (Chapter 2 and chapter 3) the bioclimatic potential of all Algerian climate zones is 

investigated, and the thermal and energetic behaviour of the typical multi-family apartment 

building is evaluated across the Algerian territory. In Part-II (Chapter 4 and Chapter 5) the 

typical multi-family apartment building design is optimized for each climate zone, and a 

design decision-making model is proposed. The thesis is made up of a series of articles 

that have been published or under review in peer-reviewed journals. For this reason, some 

overlap may occur between the various chapters. 

The introduction, scope and outline of this thesis is presented in Chapter 1. Afterwards, 

Chapter 2 focus to analyze the bioclimatic potential of the Algerian climate zones based on 
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a comparative approach that quantifies the bioclimatic potential of different locations in 

Algeria using recent weather datasets. Firstly, the annual bioclimatic potential is quantified 

using simple psychrometric charts without considering the building effect. Secondly, a 

simulation model for a representative case study in Algeria is used to assess the bioclimatic 

potential, including the building effect. Chapter 3 develops new spatial distribution maps for 

energy demand and thermal comfort estimation in Algeria. This chapter combines the 

powers of BPS and GIS tools with recent weather files dataset and analyses the climate of 

Algeria, taking into account the impact of typical and representative housing archetype. 

Chapter 4 proposes an optimization approach to select the optimal solution that leads to 

minimize the cooling and the heating energy loads of the typical multi-family reference case 

in each climate zone, and the improvement of the energy performance is compared with the 

base case results. Chapter 5 is aimed to develop a design decision-making model for 

predicting the cooling and heating energy loads of residential buildings in Algeria according 

to the most influential building envelope design variables. Finally, the results of this thesis 

are summarized, and future researchers are recommended in Chapter 6. 

I.5. List of publications 

I.5.1. Peer-reviewed journal articles 

• Chapter 2 is based on: 

Semahi, S., Zemmouri, N., Singh, M. K., & Attia, S. (2019). Comparative bioclimatic 

approach for comfort and passive heating and cooling strategies in Algeria. Building 

and Environment, 161, 106271. 

Semahi, S., Benbouras, M. A., Mahar, W. A., Zemmouri, N., & Attia, S. (2020). 

Development of Spatial Distribution Maps for Energy Demand and Thermal Comfort 

Estimation in Algeria. Sustainability, 12(15), 6066. 

• Chapter 3 is based on: 

Semahi, S., Zemmouri, N., Hamdy, M. & Attia, S. (2021). Optimization of passive 

envelope design measures for multi-family apartment building using NSGA-

II. Energy and Buildings, Under writing. 

• Chapter 4 is based on:  

Semahi, S., Benbouras, M. A., Zemmouri, M. & Attia, S. (2021). Development of 

Adaptive Neuro Fuzzy Inference System (ANFIS) model for estimating building 

heating and cooling loads. Journal of Building Engineering, Under writing. 
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I.5.2. Un-refereed publications 

Semahi, S., Zemmouri, N., & Attia, S.: Evaluation of thermal comfort potential of 

passive heating and cooling strategies in Algeria. Presented at the 2019 Doctoral 

Seminar on Sustainability Research in the Built Environment (DS²BE-2019). 

Leuven, Belgium. 
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II. Chapter 2: Thermal comfort and passive design 

potential analysis of Algerian climate zones  

The energy consumption and thermal comfort in buildings are heavily affected by 

weather conditions. Therefore, the aim of this chapter is to analyze the bioclimatic potential 

of Algerian climate zones. This analysis was made based on eight representative locations 

using recent weather datasets (2003–2017). The thermal comfort and passive design 

potential analysis were based on a psychometric chart applying the adaptive comfort model 

ASHRAE 55-2017.In addition, an evaluation of the bioclimatic potential was conducted 

using simulations of a monitored and calibrated residential building model in Algeria using 

EnergyPlus. The building model has been tested in eight previously selected locations. The 

heating and cooling energy load results were calculated for each climatic zone and 

compared. The results allow architects and urban planners to better understand the climate 

and provide practical design guidance. 

 

 

  



Chapter 2: Thermal comfort and passive design potential analysis of Algerian climate zones  

     8 

II.1. Introduction: 

The present and future of sustainably built environments is influenced by the ability 

of architects, engineers, and urban designers to create buildings that reduce building-

associated carbon dioxide emissions and at the same time achieve high levels of thermal 

comfort (Attia, 2018a). However, this ability is influenced by the understanding of the local 

climate and the application of corresponding bioclimatic design principles and strategies 

(Manzano-Agugliaro et al., 2015). In the past, many innovative heating, ventilation, and air 

conditioning (HVAC) technologies have been proposed to improve the indoor conditions, 

regardless of energy savings. Today, the integration of passive and active design solutions 

in newly constructed buildings is becoming a must worldwide. The recent progress with 

respect to adaptive thermal comfort models and their proliferation influence our 

understanding of the bioclimatic building performance (Carlucci et al., 2018; de Dear et al., 

2013; Pérez-Fargallo et al., 2018). Therefore, bioclimatic studies that investigate the effects 

of climate on the thermal comfort conditions and the building heating and cooling energy 

demand are increasingly receiving attention from the research and development community 

(Attia et al., 2019; Chen et al., 2017; Roshan et al., 2017a).  

Integrating bioclimatic analysis tools into daily urban or architectural design practices 

is a challenge but an essential step towards realizing effective climate-responsive design 

(Attia et al., 2019). Several analytical tools are available for the quantification of the potential 

effectiveness of design strategies, e.g., the ECOTECT Weather Tool (Autodesk, 2019) and 

Climate Consultant (Milne, 2016; Milne et al., 2007). However, most of those analytical tools 

depend on static comfort models of fully space-conditioned buildings and are not suitable 

for buildings in hot climates (Attia et al., 2019). More importantly, some of them lack 

sensitivity to hot climates and provide misleading design recommendations (Attia et al., 

2019; Krishan, 2001; Pajek and Košir, 2018; Roshan et al., 2017a). Providing accurate 

bioclimatic design recommendations is essential for making informed design decisions in 

early design stages (Attia et al., 2012; Visitsak and Haberl, 2016).  

In this chapter, we adopt a dual approach that combines psychrometric chart-based 

analysis with building performance simulation analysis for the development of accurate 

bioclimatic design recommendations for Algeria. This research approach is inspired by and 

builds on the work of Kumar et al. and Kishore et al. (Kishore and Rekha, 2018; Kumar et 

al., 2016) and adds up on to it. Our research approach integrates the ASHRAE-55 adaptive 

comfort model as a novel assessment component. The main aim of this paper is to analyze 

the bioclimatic potential of passive design strategies in Algeria. The chapter has two 

objectives: 
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1. Evaluate the thermal comfort and bioclimatic design potential of eight selected cities, 

which represent the six official climate zones of Algeria, based on a psychometric 

chart and the adaptive comfort model ASHRAE 55-2017. 

2. Validate the bioclimatic potential analysis by simulating the heating and cooling 

energy loads of a calibrated residential building for the eight selected cities.  

The value of this chapter is based on providing a systematic and methodological 

approach to assess the bioclimatic design potential in Algerian cities based on updated 

weather datasets. Validated bioclimatic design recommendations for comfort and passive 

heating and cooling in Algeria are obtained by using a recent dataset (2003–2017) of eight 

Algerian cities and a calibrated reference building for building performance simulation. 

The chapter is organized as follows. A literature is provided in Section II.2. The 

research methodology and analysis results are described in detail in Sections II.3 and 

Section II.4. Section II.5 reflects on the results of the reference case simulation and provides 

a critical discussion. The chapter is concluded in Section II.6 by highlighting the key findings 

and contributions of the study. 

II.2. Literature Review: 

The importance of bioclimatic studies is growing and gaining momentum every year. 

The aim of bioclimatic studies is to understand the climate to maximize the benefits of 

bioclimatic building design strategies and ensure thermal comfort and increase the energy 

efficiency. Although being one of the most important aspects of building energy efficiency, 

several advances have been made in this field in recent years. Our literature review included 

more than 140 publications, found on Scopus and the Web of Science, relevant to the field 

of bioclimatic analysis. However, we selected the most relevant publications and classified 

them into groups using three main categories, which are described in the following 

paragraphs. 

The first group of studies regarding bioclimatic analysis contains the oldest 

publications that relied on using bioclimatic charts to assess the climate and provide design 

recommendations for designers. The building bioclimatic chart indicates if the temperature 

and humidity conditions are within the comfort range of a building designed to effectively 

benefit from bioclimatic design strategies (Watson and Labs, 1983). The most important 

publications of this group based on charts 1) are Mollier’s psychrometric chart (1923), 2) 

Olgyay’s chart (1963), and 3) Dekay and Browns chart (2004) (DeKay and Brown, 2013; 

Gatley, 2004; Olgyay, 2015).  
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The chart of Mollier is the one that is most famous and widely used by engineers, 

architects, and urban planners (Kumar et al., 2016). The chart evolved and benefited from 

the significant contributions of Givoni and Milne in 1979 that combined different bioclimatic 

design strategies in a chart (Milne and Givoni, 1979). In the same year, Milne developed an 

interactive computer-aided tool for passive solar design that later became the Climate 

Consultant program (Milne and Yoshikawa, 1979). In the 1980s and 1990s, several 

researchers contributed to the psychrometric chart and applied unique comfort models 

(Szokolay, 1986). More recently, several researchers applied the psychrometric chart to 

local contexts (Guan et al., 2015; La Roche and Liggett, 2001; Mahmoud, 2011; Osman 

and Sevinc, 2019). The chart of Olgyay has been used less because it is less 

comprehensive. However, several researchers applied it and validated its outcomes in the 

last years. The work of Katafygiotou et al. (Katafygiotou and Serghides, 2015) on Cyprus 

and Pajek et al. (Pajek and Košir, 2017) on Slovenia have recently become two of the most 

cited publications. The third type of chart that was published in 2004 by Dekay and Brown 

has been used in recent research in Australia, Iran, and Madagascar (Ahmed et al., 2014; 

Attia et al., 2019; Milne, 2016; Roshan et al., 2017b). Unfortunately, bioclimatic charts lack 

sensitivity to hot climates and provide misleading design recommendations (Attia et al., 

2012; Kumar et al., 2016). 

The second group of studies regarding bioclimatic analysis mainly relies on 

building performance simulations to assess the climate and provide recommendations for 

designers. The building performance simulation (BPS) is the replication of aspects of the 

building performance using a computer-based, mathematical model created on the basis of 

fundamental physical principles and sound engineering practice (De Wilde,P., 2018). This 

group is characterized by an abundance of publications worldwide. Therefore, we focused 

on the publications most relevant to Algeria, which aimed to calculate the bioclimatic 

potential or heating/cooling degree days or run simulations to predict the impact of climate 

change. This includes the work of Khoukhi et al. (Khoukhi and Fezzioui, 2012) who 

assessed the effectiveness of bioclimatic design strategies in hot dry regions of Algeria and 

that of Imessad et al. (Imessad et al., 2014) who focused on assessing the effectiveness of 

passive cooling in Algiers. Among those studies, the study of Ghedamsi et al. (Ghedamsi 

et al., 2016) is the most relevant and comprehensive study in which the annual heating and 

cooling requirements of buildings in different regions of Algeria were calculated using the 

degree days method. Unfortunately, none of those studies followed a comprehensive 

approach that covers all climatic regions of Algeria while providing validated bioclimatic 

design recommendations that designers can apply in early design stages. More importantly, 

most studies that follow the simulation-based approach are post-design evaluations and 
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mainly consider only hypothetical non-bioclimatic comfort models and thus do not validate 

early-design bioclimatic recommendations. 

The third group of studies regarding bioclimatic analysis mainly relies on a mixed 

approach combing bioclimatic charts and building performance simulations to assess the 

climate and provide recommendations for designers. This group of studies emerged in 2017 

with the work of Pajek et al. (Pajek and Košir, 2018) who investigated the climatic potential 

of five cities in Slovenia and the work of Ali-Toudert et al. (Ali-Toudert and Weidhaus, 2017a) 

who focused on two climatic zones in Algeria. The work of Kumar et al. and Kishore et al. 

(Kishore and Rekha, 2018; Kumar et al., 2016) also belong to this group because they 

systematically combined bioclimatic chart analysis with building performance analysis for 

India. The advantage of the mixed approach is that it allows comparing the simulation 

results with the bioclimatic potential analysis to validate the design recommendation. More 

importantly, validated design recommendations are grouped and classified in a 

comprehensive way based on this approach, which contributes to the consolidation of the 

knowledge of bioclimatic design on national scales.  

This overview and classification of literature demonstrate that the mixed bioclimatic 

analysis approach should be adopted to obtain information about the design of bioclimatic 

buildings. The literature review indicates that this mixed bioclimatic analysis approach has 

been the most studied approach in recent years, particularly in Algeria. Thus, the lack of 

validated design recommendations for bioclimatic design may inhibit the integration of 

bioclimatic design solutions and technologies in future buildings. 

In this chapter, we present the results of the application of a mixed approach that 

combines bioclimatic analysis and building performance simulations to address several of 

the points mentioned above. More specifically, the validity of bioclimatic design strategies 

in Algeria was tested based on a recent weather dataset (2003–2017), adaptive comfort 

model, and calibrated reference study. 

II.3. Materials and Methods: 

The research methodology is based on a comparative approach that quantifies the 

bioclimatic potential of different locations in Algeria using recent weather datasets. Firstly, 

the annual bioclimatic potential is quantified using simple psychrometric charts without 

considering the building effect. Secondly, a simulation model for a representative case study 

in Algeria is used to assess the bioclimatic potential including the building effect. Our 

methodology is inspired by the work of Khambadkone and Jain (Khambadkone and Jain, 

2017) who applied this approach in India. We applied their methodology to a new context. 
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Figure II-1 presents the detailed conceptual framework of the study describing the steps of 

the research methodology. The conceptual framework of this study can be divided into four 

major steps. Each step is described in detail in the following sections. 

II.3.1. Selection of representative locations 

According to the Algerian National Center of Studies and Researches Integrees of 

the Building (CNERIB: Centre National d’Etudes et de Recherches Integrees du Batiment) 

and the thermal regulation (DTR C3-2) (CNERIB, 1997a) for residential buildings, Algeria 

has six distinguished climatic zones: Zone (A): in the north of Algeria, including the coastal 

zone; Zone (B): in the south of zone (A), including the plain behind the seashore; Zone (C): 

in the south of zone (B), including the highlands; Zone (D): in the south of Algeria, including 

the desert; and the climate zones (B’) and (D’), representing subzones within the main 

zones (B) and (D), respectively. Some of the characteristics of the subzones differ from 

those of the main zones. For example, they have the same characteristics in winter as the 

main zones, but they are very hot in summer compared with the main zones (B) and (D). 

For our investigation, we selected eight locations because climate zone (D) covers a large 

area in the south of Algeria and we thus added two weather stations to this zone (see Table 

Figure II-1 : Conceptual framework of this study  
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II-1). Among those weather stations, we distinguished Guezzam city, located in the south 

of Tamanrasset Region, because it has specific climatic characteristics. Guezzam has an 

annual global radiation that exceeds 7600 Wh/m² (Yaiche et al., 2014). This could have an 

impact on other climate data for this location. We also used a map with the official climatic 

zones of Algeria. Figure II-2 indicates the locations of the eight selected weather stations. 

Table II-1: Geographical information about the eight selected representative locations in Algeria 

No. Name of 
location 

Station code Coordinates Altitude (m) Climate zone 
(CNERIB classification) 

1 Algiers AL 36.6 °N     3.2 °E 25 A 

2 Guelma GL 36.4 °N     7.4 °E 228 B 

3 Chlef CH 36.2 °N     1.3 °E 141 B' 

4 Setif SF 36.1 °N     5.3 °E 1050 C 

5 Biskra BS 34.7 °N     5.7 °E 88 D 

6 Bechar BC 31.6 °N     2.2 °W 811 D 

7 Adrar AR 27.8 °N     0.1 °W 280 D' 

8 Tamanrasset  
(Guezzam) 

TM 19.6 °N     5.8 °E 400 D 

 

Figure II-2: Algerian map showing the eight selected location (source: Carte du 
monde, 2018 - adapted by the author) 
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II.3.2. Climate data 

In this study, recent weather datasets (2003–2017) for eight locations were used. 

The last version of the Typical Meteorological Year (TMY) hourly weather data files for the 

eight selected locations was used (see Table II-1). These weather data were created by the 

Algerian National Meteorology Office and made available by the United States Department 

of Energy (Linda K. Lawrie and Crawley, 2019). 

II.3.3. Calculation of annual bioclimatic potential 

A psychrometric chart and the adaptive comfort model ASHRAE 55-2017 were used 

to calculate the bioclimatic potential of the eight selected locations. The selection of the 

ASHRAE 55-2017 adaptive comfort model was based on the recommendations of Attia et 

al. (Attia et al., 2019) who consider it as the best available socioeconomic model that sets 

no humidity limit, which is essential in the coastal cities of Algeria.  

The hourly weather data of each location were plotted on the psychrometric chart. The data 

plots were created using three major bioclimatic design strategies or combinations of the 

three strategies: 

• Passive Solar Heating (PSH) 

• Natural Ventilation (NV) 

• Direct Evaporative Cooling (DEC) 

The literature review indicated that the three strategies listed above are the most effective 

design strategies, which are suitable for the climate of Algeria and should be prioritized by 

designers (Fezzioui et al., 2009a; Khoukhi and Fezzioui, 2012). The boundaries of the 

thermal comfort zone were limited by the comfort temperature calculated by the adaptive 

comfort model ASHRAE 55-2017. The zone of direct evaporative cooling was limited by the 

thermal comfort zone. The wet-bulb temperature (WBT) maximum in summer is ~24°C and 

the Dry Bulb Temperature (DBT) maximum is about 44°C  (in hot–dry developing countries) 

according to Givoni (Givoni, 1992). The potential of thermal comfort, passive cooling, and 

passive heating were calculated based on the number of hourly data points within each 

boundary on the chart. The passive solar heating zone is a function of the building design. 

The lower limit of this zone is defined by the lowest outdoor air temperature at which the 

available solar radiation will produce minimum comfort temperatures. The bioclimatic chart 

for the eight selected locations was created based on these assumptions. Equations (II-1) 

and (II-2) provide the basis of the bioclimatic potential calefactions: 
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• Optimal comfort temperature (°C) (Milne, 2016; Pérez-Fargallo et al., 2018): 

Tc = 0.31ƒ(Tout) + 17.8           10°C ≤ ƒ(Tout) ≤ 33.5°C                                        (II-1) 

Upper 90% acceptability limit (°C):  

Tc = 0.31ƒ(Tout) + 20.3           10°C ≤ ƒ(Tout) ≤ 33.5°C                        

Lower 90% acceptability limit (°C):  

Tc = 0.31ƒ(Tout) + 15.3           10°C ≤ ƒ(Tout) ≤ 33.5°C,                        

where ƒ(Tout) is the prevailing mean outdoor air temperature (tpma(out)) in ASHRAE 55 for 

2013 and 2017 and the mean monthly outdoor air temperature in ANSI/ASHRAE 55 for 

2004 and 2010. 

• Prevailing mean outdoor air temperature (°C) (Pérez-Fargallo et al., 2018):  

̅t pma(out) = (1 − α) [te (d-1) + α·te (d-2) + α2·te (d-3) + α4·te (d-4) + …],                                   (II-2) 

where α is a constant ranging between 0 and 1 and te (d-1) is the daily mean external air 

temperature at time d of a series of equal intervals (day). 

In the last two versions, ANSI/ASHRAE 55 suggests an α value of 0.9 for climates in which 

the day-to-day temperature variation is relatively minor, such as the humid tropics, and a 

lower α value of 0.6 for mid-latitude climates in which the day-to-day temperature variation 

is more pronounced. 

II.3.4. Reference building 

Our reference building should be the most common housing archetype in Algeria. 

For this reason, we aimed to characterize the Algerian housing sector which can help us to 

well select a representative reference building. 

II.3.4.1 Characterization of the Algerian Housing Sector 

The Algerian Census Database of the residential sector was analyzed between 1999 

and 2018, to understand the relationship between the energy use of the building sector and 

the residential building stock in Algeria. In addition, the national energy use data of the 

residential building sector, between 2009 and 2018, were collected. The data on the energy 

use of each building archetype was found websites of the Algerian Ministry of Energy web 

site (ME, 2020), the Ministry of Housing (MHUV, 2018), and the National Office of Statistics 

(ONS, 2018). The data were analyzed, organized and visualized to represent the energy 

use in Algeria by sector and the evolution of energy use of the residential sector. The 

compiled data can be found in Appendices A and B.  
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The building sector in Algeria is the largest consumer of fossil energy, consuming 

46% of the total national energy bill, out of which residential buildings consume the most 

significant part of 37%. The breakdown of energy use by sector is shown in Figure II-3(a).  

As shown in Figure II-3(b), the energy use of the residential sector increased considerably 

in the last ten years (2009–2019) from around 9000 KTep to more than 18,140 KTep. The 

main reason associated with this increase in energy demand is the substantial increase in 

population and housing units (ME, 2020). 

In the last decade, the Algerian authorities built more than three million dwellings. 

For example, between 1999 and 2018, more than 3.6 million dwellings were built. The 

residential building sector in Algeria is generally composed of two main typologies: (i) 

multifamily apartment buildings, which represent 51% of the residential sector and (ii) 

single-family houses, which represent 49% of the residential sector. The latter is divided 

into rural housing and self-constructed housing (see Figure II-4(a)) (Appendix A). 

There are several categories of the multifamily apartment building archetype 

depending on the contract type that reflects the residents’ income (Public rental housing, 

participatory public housing, rental–ownership housing and free promotional housing) (see 

Figure II-4(b)). The social residential buildings category (Public rental housing) represents 

the central part (31%) in the multifamily building’s archetype. This category is intended for 

the low-income population in Algeria. The percentage of residential housing typologies by 

contract type is shown in Figure II-4(b). The dwellings of the social housing building category 

have been increased every year, as shown in Figure II-4(c), which presents the evolution 

of constructed social residential units. The Algerian Ministry of housing, urbanism and the 

city launched a program of 800 thousand dwellings between 2009–2014 and 800 thousand 

Figure II-3: Energy use in Algeria. (a) Breakdown of energy use by sector; (b) evolution 
of energy use of the residential sector between 2009 and 2019  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/residential-building
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dwellings between 2015 and 2019 (Appendix A). Therefore, we can say that the multifamily 

social housing typology as the most common housing archetype in Algeria. 

II.3.4.2 Case study: 

Based on the characterization of the Algerian housing stock, the selected building 

model for this study represents a typical multifamily social residential building (see Figure 

II-5(a)). The number of floors of this archetype is ranging between two and six stories. Each 

level is subdivided into two flats. The floor height is 2.8 m, and the floor area of each 

household is approximately 70 m2.  

Figure II-4: Characterization of residential housing typologies in Algeria. (a) Dwelling’s 
archetypes; (b) dwellings contract types; (c) evolution of social housing units (Appendix A). 
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The case study includes a multifamily social housing typology in Biskra in the 

southwest of Algeria (coordinates: 34°51′N 5°44′E; altitude: 87 m; Biskra, Latin Vescera). 

Biskra’s climate is classified as hot desert climate and falls in zone BWh in the Köppen 

climate classification (Beck et al., 2018). This typology was chosen because it represents 

the most common typology in Algeria. The selected apartment was in the first floor to be 

more representative because the ground floor and highest floor are more affected by the 

outdoor environment. In addition, we were able to take real measurements in this 

apartment. The building geometry (see Figure II-5(b,c,d)) of the real building components 

was used as the simulation model input. Table II-2 presents the thermophysical properties 

of the building elements according to the Algerian Thermal Regulation of Residential 

Buildings (CNERIB, 1997a). 

II.3.5. Simulation model and validation 

The reference building was modeled using EnergyPlus v.8.3 software, which is a 

validated program for the simulation of the building thermal performance (DOE, 2014). 

Figure II-6 shows the 3D model of the reference building.  

Figure II-5: Details of the selected multi-family social housing building typology; (a) real view of the 
building, (b) floor plan, (c) section, (d) front façade 
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The building geometry (see Fig. II-5(a,b,c)) and thermal properties of the real building 

components (Table II-2) were used as the simulation model input. The systems of heating, 

cooling, and Domestic Hot Water (DHW) were represented based on a building audit, 

similar to the schedules of occupancy, lighting, heating, cooling, and DHW (see Fig.II-7). 

The TMY hourly weather data file for Biskra was used to represent the outdoor weather 

conditions. The following two sections describe the performance monitoring that was 

conducted for the reference building and the use of the monitoring data to validate the 

model. 

Table II-2: Thermal properties of the building elements of the selected multi-family social housing 
typology (CNERIB, 1997; Derradji et al., 2017) 

 

N° Building  
element 

Outside  
to 
inside 

Composition Thickness  
(m)  

Thermal 
conductivity  
(W/m-K) 

Density 
 (kg/m3) 

Specific heat 
capacity  
(kJ/kg K) 

U-value 
 (W/m2-K) 

1 Exterior  
wall 

Layer 1 Mortar 0.02 1.15 1900 1.08 1.118 
Layer 2 Hollow brick 0.15 0.48 900 0.93 
Layer 3 Air cavity 0.05 0.024 1.22 1.00 
Layer 4 Hollow brick 0.1 0.48 900 0.93 
Layer 5 Plaster 0.02 0.35 800 0.93 

2 Partition  
wall 

Layer 1 Plaster 0.02 0.35 800 0.93 1.857 
Layer 2 Hollow brick 0.1 0.48 900 0.93 
Layer 3 Plaster 0.015 0.35 800 0.93 

3 Internal 
floor 

Layer 1 Tiling 0.02 1.7 2200 0.93 1.985 
Layer 2 Mortar 0.03 1.15 1900 1.08 
Layer 3 Concrete slab 

(hollow block) 
0.2 1.45 1450 1.08 

Layer 4 Plaster 0.02 0.35 800 0.93 

4 Roof Layer 1 Tightness 0.015 0.7 2100 1.04 0.584 
Layer 2 Mortar 0.04 1.15 1900 1.08 
Layer 3 Polystyrene 0.05 0.04 20 1.4 
Layer 4 Concrete slab  

(hollow block) 
0.2 1.45 1450 1.08 

Layer 5 Plaster 0.02 0.35 800 0.93 

5  Ground 
floor 

Layer 1 Concrete 0.1 1.75 2500 1.08 3.259 
Layer 2 Mortar 0.03 1.15 1900 1.08 
Layer 3 Tiling 0.02 1.7 2200 0.93 

Figure II-6: Simulated building model developed using DesignBuilder (EnergyPlus) 
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II.3.5.1 Building audit and monitoring 

The indoor air temperature and energy consumption of the selected apartment were 

monitored during 2016. A walkthrough visit was performed to identify the major energy use 

equipment (e.g., heating systems, air conditioners, ceiling fans, lighting, water heaters, 

stoves) and questions were asked about the living habits of the occupants to create 

occupancy and other related schedules. The indoor air temperatures were continuously 

recorded from January 21–27, 2016, (168 h) in the winter period and from July 12–18, 2016, 

(168 hours) in the summer period. The indoor air temperatures were determined every hour 

with a Testo-480 measurement kit. We used the sensor temperature and humidity. The 

measurement range is -20°C to +70°C at an accuracy of ±0.5°C. The instrument was 

installed in the living room. The measurements taken in the main living space of the 

apartment are considered representative, similar to the work of Colton et al. (Colton et al., 

2014) and Lai et al. (Lai et al., 2009). To avoid data distortion due to radiation from floor 

and walls, the instrument was placed in the center of the space at a height of 1.4 m, which 

is the medium clear height of the living room. The monthly electric and gas consumptions 

(kWh) were registered during 2016; the data were collected from electricity and gas meters. 

II.3.5.2 Calibration method  

The calibration focused on how closely the simulated results match the monitored 

data. The calibration was an essential step to allow the creation of a reliable simulation 

model. The simulation model was calibrated using the present building physics conditions 

and patterns of energy use. To calibrate the building simulation model, ASHRAE Guideline 

14 was followed. Three indices of the ASHRAE Guideline 14 were used for our manual 

calibration: 1) mean bias error (MBE), and 2) coefficient of variation or root-mean-square 

error [CV (RMSE)] and 3) the coefficient of determination R2. The MBE is a nondimensional 

measure of the overall bias error between the measured and simulated data with a known 

time resolution. The CV (RMSE) indicates how well the simulation model describes the 

variability in the measured data. The coefficient of determination, denoted R2 is the 

proportion of the variance in the dependent variable that is predictable from the independent 

variable(s). The MBE, CV (RMSE) and R2 values were calculated using the following 

equations: 

𝑀𝐵𝐸 =
∑ (𝑀𝑖−𝑆𝑖)𝑁𝑝

𝑖=1

∑ 𝑀𝑖
𝑁𝑝
𝑖=1

 (%)                                                                              (II-3) 

𝐶𝑉 (𝑅𝑀𝑆𝐸) =
1 

𝑀
√

∑ (𝑀𝑖−𝑆𝑖)2𝑁𝑝
𝑖=1

𝑁𝑝
 (%)                                                               (II-4) 
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𝑅2 = 1 −
𝑆𝑆𝑟𝑒𝑠 

𝑆𝑆𝑡𝑜𝑡
 ,                                                                                           (II-5) 

where Mi and Si are the measured and simulated data at time interval I, Np is the total 

number of data values used for the calculation, SSres is the sum of squares of residuals 

and SStot is the total sum of squares. 

According to ASHRAE Guideline 14 (ASHRAE, 2002), the simulation model is considered 

calibrated if:  

• hourly MBE values are within ±10% and hourly CV (RMSE) values are below 30% 

• monthly MBE values are within ±5% and monthly CV (RMSE) values are below 15% 

Figure II-7: Winter and summer schedules of the simulated building model. (a) living 
room occupancy, (b) living room lighting, and (c) DWH 
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The simulation was calibrated using two data categories: 1) hourly indoor 

temperature, and 2) monthly energy consumption. Each data category has two 

subcategories: winter and summer indoor temperature and electricity and gas consumption. 

A manual calibration was used and the initial model (reference case) went through several 

trial-and-error modifications. The airtightness values, schedules (occupancy, lighting, 

heating, cooling, and DHW), and setpoint temperature values were modified during the 

calibration. The MBE and CV (RMSE) values were calculated after each simulation run and 

compared with the accuracy thresholds of ASHRAE Guideline 14. We calculated R2 for 

hourly indoor temperature (during summer and winter time) and monthly energy use (gas 

and electricity use). Table II-3 and Figure II-7 summarize the final model input. The results 

of the validation of the simulation model calibration are described in Section II.4.2. 

Table II-3: Simulation model parameter input 

  Model input measures Value 

Envelope External wall (W/m2K) 1.118 (CNERIB, 1997a)  

External wall surface absorptance, CCF 0.6  

Internal floor (W/m2K) 1.985  

Air tightness (Vol/h) 3  

WWR (%)  11.47°N, 12.78°S  

Opening (W/m2K) 5.778  

Solar Heat Gain Coefficient (SHGC) 0.81 

Occupancy Density (people/m2) 0.0844 

 Schedules see Fig. II-7(a) 

Lighting Installation power density (W/m2) 15 (to achieve 300 Lux)  

Schedules see Fig. II-7(b) 
Ventilation and air 
conditioning Outside air (l/s per person) 10 

 Temperature setpoint (°C) 

Heating 22°C, Cooling 
28°C (CNERIB, 1997a, 
1997b) 

 COP/EER 1.8/1.8 

DHW Winter period (December–March) (l/m2/day) 3.15  
Midseason period (April and May, October and 
November) (l/m2/day) 1.89  

Schedules see Fig. II-7(c) 

Plug loads Average installation power density (W/m2) 10  

II.3.6. Calculation and comparison of energy loads 

After validating the building performance simulation model, the thermal comfort and 

annual energy consumption of the reference case were calculated. The annual energy 

consumption and discomfort hours of the eight selected locations were simulated. A 

statistical method was used to compare the results of the simulation and bioclimatic 
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potential. The results of the simulation and the comparison with the bioclimatic potential 

analysis are described in Section II.4.3. 

II.4. Results: 

II.4.1. Bioclimatic potential of the eight selected locations 

The monthly minimum and maximum adaptive comfort temperature ranges for the 

selected eight locations were calculated using the ASHRAE adaptive model and Eqs (1) 

and (2). The weather data used in this calculation are the averages of 15 years (2003–

2017) for each location. Table II-4 shows that each city has a monthly upper and lower limit. 

Based on the identification of the monthly adaptive comfort limit thresholds indicated in 

Table II-4, we selected the highest and lowest comfort temperatures of all months for each 

location to obtain the annual adaptive comfort temperature range.  

Table II-4: Indoor adaptive comfort temperatures (°C) for the eight selected locations 

 

The annual bioclimatic potential of the three major design strategies was calculated (see 

Table II-5). The percentage of each bioclimatic strategy’s potential is listed in Table II-5. 

The psychrometric charts were plotted using the hourly weather data for each location, as 

shown in Figure II-8.  

 

No Name of 
City 

90% 
Acceptability 
 Range 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

1 Algiers Max (°C) 23.6 23.4 24.3 15.2 26.2 27.3 28.3 28.4 27.6 26.7 24.8 24 28.4 

Min (°C) 18.6 18.4 19.3 20.2 21.2 22.3 23.3 23.4 22.6 21.7 19.8 19 18.4 

2 Guelma Max (°C) 22.9 22.9 23.9 24.6 26.1 27.1 28.7 28.1 27 26.4 24.6 23.4 28.7 

Min (°C) 18.4 18.4 18.9 19.6 21.1 22.1 23.7 23.1 22 21.4 19.6 18.4 18.4 

3 Chlef Max (°C) 23.6 23.5 24.8 25.6 26.8 28.9 29.5 29.4 28.2 27.3 25.1 24.1 29.5 

Min (°C) 18.6 18.5 19.8 20.6 21.8 23.9 24.5 24.4 23.2 22.3 20.1 19.1 18.5 

4 Setif Max (°C) 21.7 21.7 23.1 24.2 25.3 27.3 28.4 28.2 26.6 25.4 23.5 22 28.4 

Min (°C) 18.4 18.4 18.4 19.2 20.3 22.3 23.4 23.2 21.6 20.4 18.5 17 18.4 

5 Biskra Max (°C) 24 24.3 25.7 27 28.6 30.1 30.6 30.6 29.1 27.7 25.4 24.2 30.6 

Min (°C) 19 19.3 20.7 22 23.6 25.1 26.1 25.9 24.1 22.7 20.4 19.2 19 

6 Bechar Max (°C) 23.5 24.2 25.6 27.3 28.2 29.8 30.6 30.9 29.2 27.5 24.7 23.3 30.6 

Min (°C) 18.5 19.2 20.6 22.3 23.2 24.8 26.2 25.9 24.2 22.5 19.7 18.4 18.4 

7 Adrar Max (°C) 24.3 25.7 26.9 28.2 30.1 30.6 30.6 30.6 30.5 28.8 26.1 24.5 30.6 

Min (°C) 19.3 20.7 21.9 23.2 25.1 26.3 27.2 26.9 25.5 23.8 21.1 19.5 19.3 

8 Tamanrasset 
(in Guezzam) 

Max (°C) 26 27.1 29 30.1 30.6 30.6 30.6 30.6 30.6 29.6 28.4 27.2 30.6 

Min (°C) 21 22.1 24 25.1 26.6 26.8 26.5 26.2 26.1 24.6 23.4 22.2 21 
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Figure II-8: Bioclimatic chart with hourly weather data for (a) Algiers, (b) Guelma, (c) Chlef, (d) Setif,      
(e) Biskra, (f) Bechar, (g) Adrar, and (h) Tamanrasset 
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Table II-5: Annual potential (%) of thermal comfort and passive heating/cooling strategies for the 
eight selected locations 

II.4.1.1 Annual thermal comfort potential 

The annual thermal comfort potential (%) was calculated for the different locations, 

as shown in Figure II-9. It represents the percentage of comfortable time (h) during the year 

without the use of any bioclimatic strategies. Figure II-9 shows that the weather in Chlef is 

characterized by the highest number of hours within the comfort limits (28%). This location 

has a higher comfort period compared with the other locations in Algeria. In contrast, the 

annual comfort potential of Setif and Tamanrasset (within the Tamanrasset Province) is 

~18.5%. These locations have the lowest number of comfort hours throughout the year. 

 

No. Name of City Comfort 
(%) 

Natural 
Ventilation 
(%) 

Direct 
Evaporative 
Cooling (%) 

Passive 
Solar 
Heating (%) 

Natural Ventilation + 
Direct Evaporative 
Cooling (%) 

1 Algiers 22.1 18.9 2.9 13.1 21.9 

2 Guelma 18.6 13.7 4 11.9 17.8 

3 Chlef 27.9 18.9 10.5 10.3 29.4 

4 Setif 18.4 11.5 9.9 13.9 21.5 

5 Biskra 26.4 17.4 21.5 9.3 39 

6 Bechar 23.8 16.3 30.3 10.8 46.7 

7 Adrar 23.8 15.1 38.7 4.6 53.9 

8 Tamanrasset 
(in Guezzam) 

18.5 12.5 47.5 0.8 60 

Figure II-9: Annual thermal comfort potential (%) for the eight selected locations 
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II.4.1.2 Annual natural ventilation potential 

The annual natural ventilation potential (%) was calculated for the different locations 

shown in Figure II-10(a). The natural ventilation strategy allows to extend the upper comfort 

threshold to a maximum of 3°C according to ASHRAE 55 (ASHRAE, 2017). As shown in 

Figure II-10(a), the highest potential to increase the comfort hours by natural ventilation was 

observed in Chlef and Algiers (~19%). In contrast, Setif has the lowest value (11.6%); 

natural ventilation can be considered as an effective passive strategy.  

II.4.1.3 Annual direct evaporative cooling potential 

The annual evaporative cooling potential (%) for the different locations was 

calculated, as shown in Figure II-10(b). It represents the percentage of time during the year 

during which the comfort limit is extended above the upper limits of comfort by using direct 

evaporative cooling. Evaporative cooling can extend the comfort period by ~47.5% in 

Tamanrasset (in Guezzam). This value shows that evaporative cooling is very effective in 

the Tamanrasset Province. In contrast, evaporative cooling is the least effective strategy in 

Algiers (3%). 

Figure II-10: Annual passive design potential (%) for the eight selected locations. (a) natural 
ventilation, (b) direct evaporative cooling, (c) passive solar heating, and (d) natural ventilation and 

direct evaporative cooling 
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II.4.1.4 Annual passive solar heating potential 

The annual passive solar heating potential (%) for the different locations is shown in 

Figure II-10(c). It represents the percentage of time during the year during which the comfort 

is extended below the lower comfort threshold through direct solar radiation. Passive solar 

heating extends the comfort period by ~14% in Chlef, which has the highest potential 

compared with the other locations. The lowest passive solar heating potential is obtained in 

Tamanrasset (1%). 

II.4.2. Validation of the simulation model calibration 

The MBE, CV(RMSE) and R2 were used for different comparisons between 

measured and simulated data. Table II-6 outlines the MBE, CV(RMSE) and R2 calibration 

results. The model was validated using Table II-6.  

Figure II-11 shows the comparison between the measured and simulated indoor 

temperatures for the monitored periods. In the winter period, the MBE is -2% and the 

CV(RMSE) is 5.1%, while the admitted limit is ±10% and ±30%, respectively. In the summer 

period, the MBE is -1.5% and the CV(RMSE) is 4.9%, while the admitted limit is ±10% and 

±30%, respectively.  

Figure II-11: Comparison between measured and simulated indoor temperatures during the monitored 
period. (a) January 21–27, 2016; (b) July 12–18, 2016 
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The model MBE and CV(RMSE) values for the hourly data are within ASHRAE-

recommended hourly values. The simulation model was calibrated using hourly data. 

Figure II-12 shows the comparison between the measured and simulated energy 

consumptions during the monitored periods. For the electricity consumption, the MBE           

is -0.6% and the CV(RMSE) is 7.8%, while the admitted limit is ±5% and ±15%, respectively. 

For the gas consumption, the MBE is 0.4% and the CV(RMSE) is 6.6%, while the admitted 

limit is ±5% and ±15%, respectively. The model MBE and CV(RMSE) values for the monthly 

data are within ASHRAE-recommended hourly values. The simulation model was calibrated 

using monthly data, which validate it. 

Figure II-12: Monthly comparisons of the monitored and simulated energy and consumptions for 
2016. (a) electric consumption, (b) gas consumption 
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Table II-6: Summary of the validation of the calibration criteria of the simulation model 

Validation 
Criteria 

Winter Indoor Air 
Temp. 

Summer Indoor Air 
Temp. 

Monthly Electricity 
Use 

Monthly Gas 
Use 

MBE (%) −2 −1.52 −0.68 0.4 

CV-RMSE (%) 5.12 4.97 7.83 6.67 

R2 0.75 0.63 0.92 0.98 

MBE: mean bias error, CV (RMSE) root-mean-square error and R2 the coefficient of determination  

Figure II-13 shows the regression analysis between the measured and simulated 

monthly and hourly data during the monitored periods. For the electricity consumption (see 

Figure II-13(a)) and gas use (see Figure II-13(b)) R2 values are 0.92 and 0.98 respectively. 

For the indoor temperatures R2 is 0.75 for the winter period (see Figure II-13(c)) and it is 

0.63 for the summer period (see Figure II-13(d)). So, the correlation between the monitored 

and simulated data are strong for monthly electricity and gas use, while there is a mean 

correlation for summer and winter indoor air temperature. The simulation model was 

calibrated using monthly and hourly data. 

Figure II-13: linear regression between monitored and simulated data 
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II.4.3. Energy loads for the eight selected locations 

II.4.3.1 Annual cumulative comfort potential and simulated discomfort hours 

The annual cumulative comfort potential represents the percentage of time during 

the year during which comfort is achieved by using passive strategies (Natural Ventilation 

(NV), Direct Evaporative Cooling (DEC), and Passive Solar Heating (PSH)). The annual 

simulated discomfort hours indicate the percentage of time during the year during which 

passive or active strategies are necessary to achieve comfort. Figure II-14 shows the 

comparison between the annual cumulative comfort potential (estimated potential) and 

annual simulated discomfort hours for the eight selected locations.  

The combination of the bioclimatic strategies in Adrar has a comfort potential of 82%. 

This is the highest value compared with the other locations. However, the simulation result 

lowers the potential comfort estimation coverage to ~75%. In fact, the simulation results 

indicate that Adrar, Bechar, Tamanrasset, and Biskra have a potential of 75% to passively 

Figure II-14: Comparison between the annual cumulative comfort potential (%) and annual 
simulated discomfort hours (%) 
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achieve thermal comfort. On the other hand, nearly 48.5% of the total annual hours are 

potentially comfortable if all passive strategies would be combined in Guelma. This is the 

lowest value compared with the other locations. However, the simulation result increases 

the potential comfort estimation coverage to ~63%. The comfort potential calculation and 

simulation analysis for Chlef and Algiers yield almost identical results. 

Figure II-15 shows the percentage of the annual simulated discomfort hours in winter 

and summer. Based on our simulation, Guelma, Setif, and Algiers have common summer 

discomfort hours ranging between 7% and 10%, while the winter discomfort hours range 

between 51% and 60%. Chlef, Bechar, Biskra, and Adrar have summer discomfort hours 

ranging between 25% and 49%, while the winter discomfort hours range between 26% and 

43%. Surprisingly, Chlef, which is located in the north of Algeria (Zone B’), has the same 

discomfort hours percentage as Zone D in the south of Algeria (desert). The percentage of 

summer discomfort hours in Tamanrasset is above 67%, while that of the winter discomfort 

hours is below 5%. This result can be explained by the solar radiation parameter, which is 

very high in this zone. It can exceed 7000 Wh/m², which was confirmed by Yaiche et al. 

(Yaiche et al., 2014). 

To determine the correlation between the psychrometric-based and simulation-based 

analysis results, Figure II-16 shows the results of the linear regression analysis between 

the annual cumulative comfort potential and annual simulated discomfort hours. The 

regression analysis between the annual cumulative comfort potential and annual simulated 

discomfort hours indicates a strong correlation, with a Pearson correlation coefficient (R) of 

0.8 and regression coefficient (R2) of 0.6 (Table II-7).  

Figure II-15: Percentage of the annual simulated discomfort hours in winter and summer based on 
the ASHRAE-55 adaptive comfort model (90% limit) 
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II.4.3.2 Annual passive cooling potential and annual cooling load  

The annual passive cooling potential represents the addition of the annual natural 

ventilation and annual evaporative cooling potential. This value indicates the period of time 

during which cooling is required and thus the cooling energy consumption. Figure II-17 

shows the comparison between the annual passive cooling potential (estimated cooling 

potential based on the psychrometric chart) and annual cooling load (simulated cooling 

load) for the eight selected locations. Tamanrasset has the highest annual passive cooling 

potential (60%) as well as the highest annual cooling energy consumption (163.9 kWh/m2) 

compared with the other locations. Guelma, Setif, and Algiers have the lowest passive 

cooling potentials (between 17.8% and 21.9%) as well as the lowest cooling loads (6.1 

kWh/m2 for Setif, 9.9 kWh/m2 for Algiers, and 13.3 kWh/m2 for Guelma). 

Figure II-18 shows the results of the linear regression analysis between the annual 

passive cooling potential and annual cooling load for the eight selected locations. The 

regression analysis between the annual cooling potential and annual cooling load indicates 

a strong correlation, with a Pearson correlation coefficient (R) of 0.96 and regression 

coefficient (R2) of 0.9 (Table II-7). 

Figure II-16: Linear regression of the annual cumulative comfort potential (%) and annual 
simulated discomfort hours (%) 
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Figure II-18: Linear regression of the annual passive cooling potential (%) and annual cooling 
load (kWh/m2) 

Figure II-17: Comparison between the annual passive cooling potential (%) and annual cooling 
load (kWh/m2) 
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II.4.3.3 Annual passive solar heating potential and annual heating load 

The passive solar heating potential indicates the period of time during which heating 

is required and thus the heating energy consumption. Figure II-19 shows the comparison 

between the annual passive heating potential (estimated heating potential) and annual 

heating load (simulated heating load) for the eight selected locations. The passive solar 

heating potential of all locations is low and does not exceed 14%. Setif has the highest 

annual passive heating potential (13.9%) as well as the highest annual heating energy 

consumption (180.8 kWh/m2) compared with the other locations. Tamanrasset has the 

lowest passive heating potential (0.8%) as well as the lowest heating load (5.1 kWh/m2). 

Figure II-20 shows the results of the linear regression analysis between the annual passive 

heating potential and annual heating load for the eight selected locations. The regression 

analysis between the annual heating potential and annual heating load indicates a strong 

correlation, with a Pearson correlation coefficient (R) of 0.88 and regression coefficient (R2) 

of 0.7 (Table II-7). 

Figure II-19: Comparison between the annual passive heating potential (%) and annual heating 
load (kWh/m2) 
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Table II-7:Summary of the validation of the linear regression between the annual bioclimatic 
potential and annual energy loads  

II.5. Discussion: 

II.5.1. Summary of the main findings 

In this study, we performed a climatic analysis of eight Algerian cities to assess the 

effectiveness of bioclimatic design strategies. We applied a mixed approach that combines 

psychometric chart analysis and building performance simulation analysis. By using recent 

and high-quality weather datasets, we quantified the effectiveness of bioclimatic design 

strategies based on an accurate and modern approach using a recent adaptive comfort 

model (ASHARE 55-2017). Our study findings indicate that psychrometric chart-based 

bioclimatic potential analysis for investigated locations does not generally correspond with 

the simulation-based energy and comfort analysis (see Table II-8). For example, the 

Validation criteria R 
 (Pearson correlation 
coefficient) 

R2 
(Regression 
coefficient) 

Passive cooling potential / cooling load 0.9 0.9 

Passive heating potential / heating load 0.8 0.7 

Cumulative comfort potential / simulated discomfort hours 0.8 0.6 

Figure II-20: Linear regression of the annual passive heating potential (%) and annual 
heating load (kWh/m2) 
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estimation of the discomfort hours in Algiers is almost identical, (57% and 58%), when 

calculated using both approaches. This result agrees with the results of Ali-Toudert et al. 

(Ali-Toudert and Weidhaus, 2017a) who evaluated the A and D climate zones. The 

cumulative comfort potential analysis results (using psychrometric charts and building 

performance simulations) for almost all cities are almost identical, except for Setif and 

Guelma for which the psychrometric charts indicate a significant underestimation of the 

discomfort hours compared with the simulation results (see Figure II-14).  

To summarize the major simulation-based findings, we list the most important and 

tangible outcomes of our bioclimatic analysis of the thermal comfort (see Table II-8): 

• Based on our simulation, Guelma, Setif, and Algiers have common summer discomfort 

hours ranging between 7% and 10%, while the winter discomfort hours range between 

51% and 60%. 

• Chlef, Bechar, Biskra, and Adrar have summer discomfort hours ranging between 25% 

and 49%, while the winter discomfort hours range between 26% and 43%. Surprisingly, 

Chlef, which is located in the north of Algeria (Zone B’), has the same discomfort hours 

percentage as Zone D in the south of Algeria (desert). 

• The percentage of summer discomfort hours in Tamanrasset is above 67%, while that of 

the winter discomfort hours is below 5%. This result can be explained by the solar 

radiation parameter, which is very high in this zone. It can exceed 7000 Wh/m², which 

was confirmed by Yaiche et al. (Yaiche et al., 2014).  

Our bioclimatic analysis results regarding the passive cooling potential are listed 

below: 

•  The bioclimatic potential analysis overestimates the cooling needs of most locations, 

except for Adrar and Tamanrasset. 

• Regarding the passive cooling, our annual cooling load calculation indicates that Adrar 

and Tamanrasset are the locations with the highest amounts, with cooling requirements 

as reported by Ghedamsi et al. (2016) (Ghedamsi et al., 2016). Tamanrasset is followed 

by Bechar, Biskra, and Chlef.  

• The locations with the least cooling requirements are grouped and include Algiers, Setif, 

and Guelma because they more easily receive humid winds from the sea (see Figure II-

17 and Table II-8) (Sahabi Abed and Matzarakis, 2017).  

The direct evaporative cooling represents the most effective strategy in the south of 

Algeria (Zones D and D’) because the climate in the south is hot and dry (warm climate with 

very high temperatures during summer). The evaporative cooling potential exceeds 50%. 

In addition, the direct evaporative cooling potential of the climate increases as the location 
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geographically changes from the north towards the south of Algeria. The evaporative 

cooling potential is very low (<4%) in the north (Zones A and B) because these zones are 

exposed to the sea. However, these zones have the highest natural ventilation potential. 

With respect to the passive heating potential, there is a significant difference 

between the potential estimation and calculation of the heating needs for Setif and Guelma. 

Our results indicate that the difference of the bioclimatic potential between stations in the 

same zone is significant although some locations are in the same climate zone (see Table 

II-8). Our bioclimatic analysis results regarding the passive heating potential are listed 

below: 

• The annual heating load calculation indicates that Setif has the highest heating load 

requirements due to its geographical location and altitude. 

• Setif is followed by Algiers, Guelma, and Chlef, which form a group with similar heating 

load requirements. 

• Bechar, Biskra, and Adrar benefit slightly less from passive heating.  

• Tamanrasset is an extreme, where passive heating is the least effective because 

Tamanrasset is influenced by solar irradiation (see Figure II-19 and Table II-8). 

• The heating loads in the south represent 30% of the cooling loads. In contrast, the 

cooling loads in the north represent 11% of the heating loads, which agrees with the 

results obtained by Ghedamsi et al. (Ghedamsi et al., 2016), Kharchi et al. (Kharchi et 

al., 2012), and Belkacem et al. (Belkacem et al., 2017). 

Table II-8: Summary of the findings 

II.5.2. Strength and limitations of the study 

The strength of the study relates to the use of a recent approach that combines 

simple chart-based bioclimatic analysis with simulation based advanced building 

performance analysis. The study uses high-quality data based on a recently compiled 

climatic dataset for Algerian weather stations. We believe that this recent approach, which 

Climate Zone A B B’ C D D D D’ 

Representative location Algiers Guelma Chlef Setif Biskra Bechar Tamanrasset 
(in Guezzam) 

Adrar 

E
s
ti

m
a
ti

o
n

 Annual passive cooling 
potential (%) 

21.9 17.8 29.4 21.5 39 46.7 60 53.9 

Annual passive solar 
heating potential (%) 

13.1 11.9 10.3 13.9 9.3 10.8 0.8 4.6 

Annual cumulative 
comfort potential (%) 

57.1 48.4 67.7 53.9 74.8 81.4 79.4 82.4 

S
im

u
la

ti
o

n
 Annual cooling load 

(kWh/m²) 
9.9 13.3 32.8 6.1 75.3 65.8 163.8 119.8 

Annual heating load 
(kWh/m²) 

108.5 123.6 89 180.7 64.5 69.1 5.1 41 

Annual simulated 
discomfort hours (%) 

57.6 62.7 67.7 66.6 75.2 72.2 72.1 74.1 



Chapter 2: Thermal comfort and passive design potential analysis of Algerian climate zones  

     38 

was already used by Kumar et al. and Kishore et al. (Kishore and Rekha, 2018; Kumar et 

al., 2016) and resembles similar approaches of Attia et al. (Attia et al., 2019), Pajek et al. 

(Pajek and Košir, 2018), and Ali-Toudert et al. (Ali-Toudert and Weidhaus, 2017a), benefits 

from the abundance of weather station data, advancements of simulation approaches and 

computational power, and advancement of the definition of adaptive comfort standards for 

hot climates. Our study is the first study that provides an accurate estimation of the 

bioclimatic potential for the whole country of Algeria in contrast to previous research (Ali-

Toudert et al. 2017) that focused on specific climate zones of Algeria. 

The quantification of the effectiveness of the bioclimatic strategies based on recent 

weather provided insights into the bioclimatic design potential for the six climatic zones of 

Algeria. Based on the use of the calibrated simulation model, reliable results could be 

obtained regarding the thermal building performance and associated consequences of 

active heating and cooling system requirements.  

On the other hand, this study has several limitations. Our reference case does not 

represent different housing typologies and is not adapted to the climate of each climatic 

zone. In addition, the calibration period of the simulation model is only one week for indoor 

temperatures and one year for electricity readings using a manual trial-and-error-based 

calibration approach. The study could have benefited from a longer monitoring period (three 

to five years) and an automated calibration using annual hourly data. However, we 

conducted our study using the best available data. 

II.5.3. Implications for the practice  

The study results help to identify which bioclimatic design strategy is the most effective in 

each climate zone. We believe that architects and building engineers can apply our findings 

to their design concepts in early design stages to improve the indoor thermal comfort using 

passive design solutions. The presented tables and figures allow designers to apply 

adequate bioclimatic design strategies and evaluate the need for active systems in each 

climate zone using an adaptive comfort model that is suitable for the hot climate of Algeria. 

The National Building Efficiency Standard of Algeria must be updated. Therefore, we 

believe that the engagement with code officials to adopt and implement our findings and 

recommendations will anchor the impact of our study in the professional practice of building 

energy efficiency.  
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II.6. Conclusion: 

The low energy building design is influenced by the understanding of the local climate and 

the application of corresponding bioclimatic design principles and strategies. This chapter 

focused to analyze the bioclimatic potential of the Algerian climate zones to provide 

accurate bioclimatic design recommendations. The bioclimatic potential of the six climate 

zones, including eight cities of Algeria, was calculated and compared using psychrometric 

charts and building performance simulations. A monitoring-based simulation model was 

created and calibrated for a reference case including eight Algerian cities. Despite the 

strong correlation between both bioclimatic potential analysis approaches (psychrometric 

chart-based and simulation-based), the results indicate a contradiction of bioclimatic 

potential estimations in several heating-dominated cities such as Setif, Guelma, and cooling 

dominated cities such as Tamanrasset. Therefore, our study findings indicate the 

misleading nature of psychrometric-based bioclimatic potential analysis in all cooling-

dominated cities and all heating dominated cities. Overall, Algerian cities can be classified 

into two major categories including cooling- or heating-dominated cities. The percentage of 

average discomfort hours in Algerian households across all climatic zones is 60%. 

Evaporative cooling is the most effective bioclimatic design strategy in Algeria, accounting 

for 60% of the hours annually in cooling-dominated cities due to their arid nature. Passive 

solar heating is the most effective bioclimatic design strategy in Algeria, accounting for 40% 

of the hours annually in heating-dominated cities due to their high altitudes. The following 

design recommendations characterize the bioclimatic conditions of each investigated city 

and provide guidance regarding the most effective passive design strategies based on 

Tables II-1 and Tables II-5: 

1. Algiers has a subtropical Mediterranean climate with dry summers. Natural 

ventilation and direct evaporative cooling are the most effective during summer and 

passive solar heating is the most effective during winter. 

2. Guelma has a Mediterranean climate and is moderately rainy with colder and longer 

winters than those on the coast with hot and less humid summers. Natural ventilation 

and passive solar heating are effective in summer and winter, respectively.  

3. Chlef has a subhumid and Mediterranean climate with cold winters and hot 

summers. The cooling period is long, accounting for 56% of the annual hours. 

Natural ventilation is the most effective during summer, followed by direct 

evaporative cooling. In winter, passive solar heating is the most effective strategy. 
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4. Setif has a continental climate with hot dry summers and very cold dry winters. In 

winter, passive solar heating is the most effective. In summer, natural ventilation and 

direct evaporative cooling are the most effective.  

5. Biskra has an arid climate with the high temperature disparity between day and night 

as well as between summer and winter. Direct evaporative cooling is the most 

effective strategy in the summer, followed by natural ventilation. However, passive 

solar heating is the most effective in the winter. The duration of the heating period 

is equal to that of the cooling period. 

6. Bechar has an arid climate with a high temperature disparity between day and night 

as well as between summer and winter. Direct evaporative cooling is the most 

effective strategy in summer, followed by natural ventilation. However, passive solar 

heating is needed in winter. The duration of the heating period is the same as that 

of the cooling period.  

7. Adrar has an arid climate with dry and very hot summers and very cold winters. 

Direct evaporative cooling is the most effective strategy in summer, followed by 

natural ventilation. However, passive solar heating is needed in winter. The heating 

period accounts for 52% of the annual hours. 

8. Tamanrasset has very dry or hyper arid and sunny climate all year round. Direct 

evaporative cooling is the most effective strategy in summer and passive solar 

heating is unnecessary in winter.  

Our study confirms, the need for a new bioclimatic comfort map for Algeria with more 

representative weather stations. Our study confirms also that the current climatic 

classification of Algeria is obsolete. This issue represents the aim of the next chapter 

(Chapter 3). 
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III. Chapter 3: Spatial distribution maps for energy demand 

and thermal comfort estimation in Algeria 

Climatic spatial maps are essential for understanding the thermal conditions of cities 

and estimate their cooling and heating energy needs. Climate maps allow building 

designers and city planners to get adequately informed without accessing, analyzing or 

interpreting dense textual information. In this study, a representative residential benchmark 

model was simulated in seventy-four cities of Algeria. The simulation results were 

interpolated using geographic information systems to generate six high-resolution maps that 

spatially estimate and visualize the discomfort hours and cooling/heating energy needs. The 

unique methodology relies on a reliable weather dataset (2004–2018) and combines the 

power of building performance simulation and geographic information systems. The results 

of these analyses provide easy to understand and web-based atlas that can be used to 

explore regional and local climate and quantify the discomfort hours, the heating/cooling 

energy needs and energy use intensity. The spatial maps are not a static product, but rather 

data-rich content, which can be expanded to include the most important cities of Algeria. 

The capabilities of the tool allow architects and urban planners to understand the climate 

better and propose practical design guidance. 
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III.1. Introduction: 

Climatic zoning and climatic spatial maps are indispensable for sustainable city 

planning and design. They can help identify climate patterns, climatic classifications, 

thermal comfort boundaries and climatic threshold temperatures for cooling and heating 

degree day (Attia et al., 2019; Roshan et al., 2017b, 2017a; Semahi et al., 2019a). In the 

last forty years, climactic zoning became essential in building energy efficiency programs 

(Walsh et al., 2017). Historically, climatic zoning and climatic analysis were used in the field 

of urban planning and building design by simply analyzing weather and climatic data in 

association with bioclimatic charts and spatial maps (Attia, 2018b; Roshan et al., 2019b). 

The work of several early researchers, in the built environment domain, aimed to visualize 

climatic data worldwide using simple statistical methods (Barenbrug, 1965; DeKay and 

Brown, 2013; Givoni, 1992, 1969; Olgyay, 2015). Consequently, more than 80 study in 60 

countries in the world are investigated the climatic classification and zoning for bioclimatic 

and energy efficient buildings design. 

The classical research methodology used in climatic zoning studies is based on 

processing weather and climate variables to visualize and compare data in relation to 

specific thermal comfort thresholds. Clustering methods or other statistical analysis 

techniques are used to support the identification of climatic zones and suggesting passive 

urban and building design recommendations to achieve maximum thermal comfort (DeKay 

and Brown, 2013; Givoni, 1992; Roshan et al., 2019a). The quantification and classification 

of climate are based on large data sets of measured data without the use of building 

simulation tools and supporting thermal regulations and design guides with statistics-based 

design guidance. 

III.1.1. State of the Art of Climatic Zoning 

In the recent ten years, researchers profited from the advancement in the building 

performance simulation (BPS) and the geographic information systems (GIS) domains to 

make climatic zoning research more accurate. The progress of computational programs 

allowed researchers to define new climatic zoning analysis and maps incorporating typical 

reference buildings resulting in refined climatic maps and zoning classification. This 

includes the works of Attia et al. (Attia et al., 2019) and Praene et al. (Praene et al., 2019) 

in Madagascar, Verichev et al. (Verichev and Carpio, 2018) in Chile, Groppi et al. (Groppi 

et al., 2018) and Moghadam et al. (Moghadam et al., 2018) in Italy, Borah et al. (Borah et 

al., 2015) and Singh et al. (Singh et al., 2015) in India, Roshan et al. (Roshan et al., 2019b) 

in Iran, Pajek et al. (Pajek and Košir, 2018) in Slovenia, Walsh et al. (Walsh et al., 2018) in 

https://www.sciencedirect.com/science/article/pii/S0960148116307637
https://www.sciencedirect.com/science/article/pii/S0960148116307637
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Nicaragua and Pajek et al. (Pajek et al., 2019) in Europe. Thus, the proliferation of climatic 

analysis based on GIS and/or BPS techniques reflects a structural tendency. There is an 

imminent transition in the scientific community where GIS and BPS techniques are 

combined to become fundamental methods for future climatic analyses (Walsh et al., 2017). 

The relation between climatic zoning and sustainable city design is significant and 

is translated into planning tools and maps among several countries. In some states, typical 

values of weather data for city planning and building energy load calculations are 

established for each climatic zone. In contrast, the energy use intensity should respect 

specific limit for each zone (Singh et al., 2015). In other countries, there are particular 

performance targets for each climatic zone (Poggi et al., 2017). The importance of climatic 

zoning is high in countries with a weak regulation landscape and energy efficiency 

implementation infrastructure. In most of the cases, there is no information available on the 

relationship between zoning and urban design guidelines or building energy performance 

(Walsh et al., 2017). 

III.1.2. Studies on Climatic Zoning in Algeria 

Like many other countries, Algeria is looking forward to updating its existing climatic 

zoning maps and revises its energy efficiency programs for cities. Algeria is increasingly 

urbanized, and its future will be shaped in dense energy-dependent cities. Already, some 

existing studies investigated the climatic zoning in Algeria, including the work of CNERIB 

(CNERIB, 1997a, 1997b), Mesri et al. (Mesri et al., 2013), Ghedamsi et al. (Ghedamsi et 

al., 2016), Beck et al. (Beck et al., 2018) and Mokhtara et al. (Mokhtara et al., 2019). 

However, none of those studies combined the weather data analysis with GIS and BPS, as 

shown in Table 1. Nothing found in literature on climatic zoning in Algeria is up-to-date 

except in the light of GIS, BPS and this current work.  

Therefore, our study aims to develop new spatial distribution maps for energy 

demand and thermal comfort estimation in Algeria. This work combines the powers of BPS 

and GIS tools with a recent weather files dataset and analyses the climate of Algeria, taking 

into account the impact of typical and representative housing archetype. Based on a current 

dataset (2003–2017) of seventy-four weather stations and a calibrated residential 

benchmark model, the study presents new zoning maps based on the thermal energy 

demand and indoor-discomfort hours of the current social residential building archetype in 

Algerian territory. 

The results provide a higher resolution climatic classification of the Algeria with nine 

climate zones. Each climate zone is associated with quantified calculation of the discomfort 
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hours and cooling and heating energy needs. The study findings are useful for architects, 

building engineers, city planners and decision-makers in a critical moment, where the 

Algerian government is looking forward to revising the existing Algerian code. There is a 

need for climatic spatial maps of cities that embed careful analysis, acceptable forecasting 

and planning abilities (Attia et al., 2019). This study brings researchers one-step closer to 

realize a new and more accurate climatic zoning to help navigate the sizeable Algerian 

terrain of climate uncertainty across a landscape of potential. Climate maps allow building 

designers and city planners to get adequately informed without accessing, analyzing or 

interpreting dense textual information (Cicelsky and Meir, 2014; Mokhtara et al., 2019). The 

outcomes are essential to facilitate the management of energy efficiency and building 

design across Algerian cities. They can help to minimize the uncertainty in the estimation 

of discomfort hours and energy demand in residential buildings. Moreover, an extensive 

weather dataset (2003–2017) is used, which is not common to see a work dealing with 

climatic zoning and comfort optimization (Gaspari et al., 2018; Missoum et al., 2014; Poggi 

et al., 2017; Stavrakakis et al., 2012a). This study contributes to research efforts that 

analyses and visualize climatic data for sustainable city development (Walsh et al., 2018, 

2017). 

Table III-1: Comparative analysis of Algeria’s climate classifications found in the literature 

 
Köppen (Beck et 
al., 2018) 

CNERIB (CNERIB, 
1997a, 1997b) 

Mesri et al. (Mesri et al., 
2013) 

Ghedamsi et al. 
(Ghedamsi et al., 
2016) 

No. of zones 5 climate zones 6 climate zones 3 climate zones 7 climate zones 

Classification 
parameters 

- Vegetation 

- Air temperature 

- Rainfall 

- Daily mean 
outdoor air 
temperature 

- Sunshine duration 

- Temperature 

- Water vapor pressure 

- Evaporation 

- Relative humidity 

- Rainfall 

- Daily mean 
outdoor air 
temperature 

No. of Weather 
stations 

Several stations 
worldwide 

31 stations 52 stations 48 stations 

Classification 
Approach 

Cluster analysis 
Heating and cooling 

degree-days 
Clustering method 

Heating and cooling 
degree-days 

III.2. Methodology: 

The research methodology resulted in a calculation and visualization approach for 

thermal energy demand and indoor-discomfort hours of multifamily social residential 

buildings in Algeria. The used calculation method is based on a dynamic building 

performance simulation approach applied to the calibrated model of multifamily social 

residential buildings. Figure III-1 presents the detailed conceptual framework of the study 

https://www.sciencedirect.com/science/article/pii/S037877881530462X#!
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describing the steps of the research methodology. The research methodology of this study 

is divided into four significant steps. Each step is described in detail in the following sections. 

III.2.1. Climate Data and Reference Model Creation 

The second step of the methodology was to select a representative dwelling 

archetype. This step involved a selection of the representative dwelling archetype based on 

a simple characterization of the Algerian housing sector, identification and acquisition of 

available weather stations and weather files, monitoring of a representative dwelling, and 

finally, the creation of a virtual and calibrated building performance simulation model. 

III.2.1.1 Representative dwelling archetype 

Based on the characterization of the Algerian housing stock (see section II.3.4.1), 

the selected building model for this study represents a typical multifamily social residential 

building which represents the most common typology in Algeria. The thermophysical 

properties of the building elements, the constructional details, and the geometrical design 

of the representative dwelling is shown in section II.3.4.2. 

Figure III-1: Study conceptual framework 
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III.2.1.2 Climatic Data 

The different climatic zones described by the Algerian Thermal Regulation (DTR C3-

2) indicate six distinct climatic zones (see section II.3.1). However, this classification is 

outdated because it relies on old weather datasets (1960–1990) and is too generic, with 

only six climate zones for a country of 2.382 million km2. Therefore, this study opted for a 

higher resolution classification resulting in seventy-four (74) selected locations within the 

forty-eight Algerian provinces (see Figure III-2). 

Figure III-2: Distribution of the 74 studied locations across Algerian territory 
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The weather data used in this study are the averages of fifteen years (2004–2018), 

which represents the recent weather datasets for the seventy-four (74) selected locations. 

The chosen locations represent new meteorological stations in Algeria with an extensive 

territorial coverage. This choice was confirmed by the lack of availability of TMY3 (1991–

2005) for the seventy-four (74) selected locations. Each weather file consists of hourly 

records of dry-bulb temperature, dew point temperature, pressure and total horizontal solar 

radiation. The weather data were made available by the United States Department of 

Energy (Linda K. Lawrie and Crawley, 2019). 

III.2.1.3 Reference Model Creation and Calibration 

The reference building was modeled using EnergyPlus v.8.3 software. The building 

model is calibrated under hourly and monthly data through winter and summer indoor 

temperature and electricity and gas use. The monitoring, the calibration and validation 

process of model accuracy is described in detail in section II.3.5.1 and section II.3.5.2. The 

thermophysical properties of the building elements, according to the Algerian Thermal 

Regulation of Residential Buildings (CNERIB, 1997a). 

III.2.2. Building Performance Simulation 

In this part, EnergyPlus V8.9.0 software was used. EnergyPlus is developed by the 

US Department of Energy (DOE) and is one of the most widely used detailed and dynamic 

energy simulation programs (DOE, 2014). The annual indoor-discomfort hours and the 

annual energy demand were simulated in the seventy-four selected locations 

(meteorological stations). 

III.2.2.1 Discomfort Hours 

The number of indoor-discomfort hours was calculated based on the adaptive 

comfort model ASHRAE 55-2017 (ASHRAE, 2017). The selection of the ASHRAE 55-2017 

adaptive comfort model was based on the recommendations of Attia et al. (Attia et al., 2019; 

Attia and Carlucci, 2015) who consider it as the best available socioeconomic model that 

sets no humidity limit, which is essential in the coastal cities of Algeria (Semahi and Attia, 

2019a). Three categories of discomfort hours were calculated: 

• The cold-discomfort hours. They represent the number of hours, which the 

operative temperature is lower than the temperature of the comfort range 

(see Figure III-3). 
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• The heat-discomfort hours. They represent the number of hours in which the 

operative temperature is upper than the temperature of the comfort range 

(see Figure III-4). 

• The annual indoor-discomfort hours. They represent the addition of the cold-

discomfort hours and the heat-discomfort hours (see Figure III-5). 

III.2.2.2 Energy Demand 

The energy demand of the residential building model was simulated in seventy-four 

selected locations. The heating and cooling system activation is based on the setpoints of 

heating and cooling temperatures. Three categories of energy demand were calculated: (1) 

heating energy demand (see Figure III-6), (2) cooling energy demand (see Figure III-7) and 

(3) annual thermal energy demand (see Figure III-8), which represents the addition of 

heating energy demand and the cooling energy demand. 

III.2.3. Plotting on GIS-Based Maps 

The visualization of the discomfort hours and energy demand results used a 

geographic information system (GIS) technique. Geographic information systems (GIS) are 

commonly used to represent spatial data and visualization issues associated with multiscale 

geographic data. An essential feature of a GIS is the ability to generate new information by 

integrating the existing diverse datasets sharing a compatible spatial referencing system. 

GIS methods allow direct viewing of the spatial difference and a direct comparison of values 

associated with the region use pattern on the map. To present the spatial distribution of 

residential building energy demand and indoor-discomfort hours in Algeria, we adopted the 

following steps: 

The first step is the creation of an administrative map of the study area, extracted 

from the Weather Algeria website (“Carte-Algerie: Plan et Cartes des Villes Algérienne,” 

2019). Then, critical thematic layers were identified for curing out the target application after 

the normative calibration of the under-studied map. The climate data were rostered and 

georeferenced to allow conducting a more detailed spatial analysis of the features of 

thematic layers. We have identified first, three layers, (1) the provinces layer, (2) the 

Mediterranean Sea layer and (3) the neighboring countries layer. The geographic 

coordinate system projection facilitated the creation of layers and the shapefiles 

characterizing the study areas. The findings are presented by areal entities in polygons 

formats representing the major Algerian provinces (or Willayat). 
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The second step consists of integrating an Excel table with the GIS software ArcGIS. 

ArcGIS software version 10.0, developed by the Environmental Systems Research Institute, 

was used (ESRI 2019). The objective of this step is to make it possible to read the digital 

data of used meteorological stations, which were generally characterized by their 

geographic coordinate system projection and their climatic parameters. The seventy-four 

stations were identified in ArcGIS as 74 seventy-four (see Figure III-2). The meteorological 

station’s layer has been added for the sake of beginning the deterministic spatial method 

explained in the follow step. 

The third step involved data treatment using the inverse distance weighted (IDW) 

interpolation method. The (IDW) method is used to interpolate spatial data, which is based 

on a concept of distance weighting (Childs, 2004). The IDW method involves the process 

of assigning values to unknown points by using values from a scattered set of known points 

(Childs, 2004). Hence, the main objective of this technique is to provide (interpolate) new 

data in locations where there were no meteorological stations. The simulation results of the 

building performance simulation were georeferenced (74 locations) to produce residential 

building performance maps. The final step was the visualization of annual spatial distribution 

maps for residential building energy demand and indoor-discomfort hours for Algeria and 

assigning a legend. 

III.3. Results: 

The resulting estimates of the indoor-discomfort hours and building energy demand 

in the seventy-four selected locations were visualized in ArcGIS to show the distribution of 

annual spatial distribution in Algeria (Semahi and Attia, 2019b). This section covers two 

categories of the calculation results. (1) The first category is the number of indoor-

discomfort hours, including the cold-discomfort hours, hot-discomfort hours and annual-

discomfort hours; (2) The second category is the thermal energy demand, including the 

heating energy demand, cooling energy demand and annual energy demand. 

III.3.1. Indoor-Discomfort Hours 

III.3.1.1 Cold-Discomfort Hours 

Figure III-3 shows the spatial distribution of annual cold-discomfort hours in all 

regions of Algeria. Based on the cold-discomfort hours map, Algeria can be grouped into 

three main zones and nine subzones. The first zone represents the northern coastal zone. 

The second one includes the subcostal zone and highlands zone, which is situated between 

the coastal zone and the desert zone. The third zone covers the South of Algeria (desert). 
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Based on our simulation, we found that the maximum number of cold-discomfort 

hours is registered in Souk Ahras on the Northeast of Algeria, with 4213 h of cold discomfort, 

which represents 48% of hours in the year. Djelfa follows with 4190 in the Center of Algeria 

and Naama with 3988 h in the West of Algeria (see Figure III-3). On the opposite, In Guezam 

(Tamanrasset) and Bordj Badji Mokhtar (Adrar) in the extreme South of Algeria, both have 

the minimum number of cold-discomfort hours with 0 and 16 h, respectively (see Figure III-

Figure III-3: Cold-discomfort hours map 

https://fr.wikipedia.org/wiki/H%C3%B4pital_de_Bordj_Badji_Mokhtar
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3). Assekrem, in the extreme South of Algeria, has a high number of cold-discomfort hours 

around 2657 h due to its high-altitude of 2726 m above sea level. 

Results indicate a significant difference between the maximum and minimum the 

number of cold-discomfort hours in Algeria, which exceeds 4200 h. Table III-2 shows the 

percentage of the Algerian territory occupied by each range of the cold-discomfort hours. 

The cold-discomfort hours, in 77.2% of Algerian territory, is ranging between 0 and 1800 h. 

It represents around 20% of the total hours of the year. The cold-discomfort hours in 17.6% 

of Algerian territory is ranging between 2250 and 4250 h, which represents, respectively 

25.5% and 48.5% of the total hours of the year. The cold-discomfort hours in the rest of 

Algeria, (around 5.2% of Algerian territory) is ranging between 1800 and 2250 h, which 

represents, respectively 20.5% and 25.5% of the total hours of the year. 

Table III-2: Territory surfaces in percentage of cold-discomfort hours zones 

Cold-discomfort hours range (hours) 

0
–
4

5
0

 

4
5
0

–
9
0

0
 

9
0
0

–
1
3

5
0

 

1
3
5

0
–
1

8
0

0
 

1
8
0

0
–
2

2
5

0
 

2
2
5

0
–
2

7
0

0
 

2
7
0

0
–
3

1
5

0
 

3
1
5

0
–
3

6
0

0
 

3
6
0

0
–
4

2
5

0
 

Territory surface in percentage (%) 18.3 25.8 16.9 16.2 5.2 4.7 6.5 5.6 0.7 

III.3.1.2 Heat-Discomfort Hours 

Figure III-4 shows the spatial distribution of annual heat-discomfort hours in all 

regions of Algeria. Based on the heat-discomfort hours, Algeria can be grouped into three 

main zones, which are divided into nine (09) subzones. The first zone in the North of Algeria 

is situated between the Mediterranean Sea and the Southern Highlands zone. The second 

zone covers the North of the desert zone. The third zone represents the South of the desert 

zone. 

Based on building performance simulation results, the maximum number of heat-

discomfort hours is registered in In Guezam (Tamanrasset) on the extreme South of Algeria 

with 7879 h, which represents 90% of hours in the year. It is followed by Arak (Tamnrasset) 

with 7294 and Bordj Badji Mokhtar (Adrar) with 6475 h (see Figure III-4). On the opposite, 

Assekrem (Tamanrasset) in the extreme South of Algeria has the minimum number of heat-

discomfort hours with 1489 h. Assekrem (Tamanrasset) is followed by Sidi Bel Abbes in the 

West of Algeria with 1983 and Djelfa in the center of Algeria with 2048 h. Results indicate 

a significant difference between the maximum and minimum number of cold-discomfort 

hours in Algeria, which is around 6400 h.  

https://fr.wikipedia.org/wiki/H%C3%B4pital_de_Bordj_Badji_Mokhtar
https://fr.wikipedia.org/wiki/H%C3%B4pital_de_Bordj_Badji_Mokhtar


Chapter 3: Spatial Distribution Maps for Energy Demand and Thermal Comfort Estimation in Algeria 

     52 

Table III-3 shows the percentage of the Algerian territory occupied by each range of 

the heat-discomfort hours. The heat-discomfort hours in 61.5% of Algerian territory is 

ranging between 4900 and 7900 h, which represents 56% and 90% of the total hours of the 

year, respectively. The heat-discomfort hours in 23.3% of Algerian territory is ranging 

between 3500 and 4900 h, which represents 39.9% and 55.9% of the total hours of the 

year, respectively. The cold-discomfort hours in the rest of Algeria (15.2% of Algerian 

territory) are ranging between 1400 and 3500 h, which represents 15.9% and 55.9% of the 

total hours of the year, respectively (see Table III-3). 

Figure III-4: Heat-discomfort hours map 
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Table III-3: Territory surfaces in percentage of heat-discomfort hour zones 
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III.3.1.3 Annual-Discomfort Hours 

Figure III-5 shows the spatial distribution of yearly-discomfort hours in all regions of 

Algeria. Based on the yearly-discomfort hours, Algeria is divided into three major zones, 

which are divided into nine subzones (see Figure III-5). The first zone occupies the coastal 

zone on the North except Tipaza and the South of Chlef. It holds the subcostal in the east 

and west. This zone includes Assekrem (Tamanrasset) in the extreme South of Algeria.  

The second zone is bordered by the coastal zone and the desert zone in the east 

and the South of the highlands in the west of Algeria (except Bordj Bou Arreridj and the 

southeast of Setif). This zone includes some locations in the desert zone in the South of 

Algeria like Tendouf and Taguentour, Aguemar and Mertouek in Tamanrasset. The third 

zone occupies the desert zone and the south part of the highlands in the west of Algeria 

like Tiatret and Naama. This zone includes two subzones that have several annual-

discomfort hours higher than the central zone. The first subzone includes Al-bayadh, the 

South of Laghouat, the west of Ghardaïa and Bordj Badji Mokhtar (Adrar). The next subzone 

includes In Guezam and Arak in Tamanrasset. 

Based on simulation results, the maximum number of annual-discomfort hours is 

registered in In Guezam and Arak. Both locations are in Tamanrasset with 7879 and 7344 

h, respectively. On the opposite, the minimum number of annual-discomfort hours is 

registered in Oran with 3895 h, followed by Beni Saf (Ain Temouchent) on the west of 

Algeria with 4107 h and Assekrem (Tamanrasset) with 4146 h. Table III-4 shows the 

percentage of the Algerian territory occupied by each range of the annual-discomfort hours. 

In addition, results indicate the annual-discomfort hours in 77% of Algerian territory 

is ranging between 6100 and 7900 h, which represents 70% and 90%, respectively, of the 

total number of hours of the year. In 16.5% of Algerian territory, the number of annual-

discomfort hours is ranging between 5800 and 6100 h, which represents 66% and 70%, 

respectively, of the total number of hours of the year (see Table III-4). Only in 6.5% of 

Algeria territory, the number of annual-discomfort hours is ranging between 4000 and 5800 

h, which represents about 45% and 66%, respectively, of the total number of hours in the 

year. 

https://fr.wikipedia.org/wiki/H%C3%B4pital_de_Bordj_Badji_Mokhtar
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Table III-4: Territory surfaces in percentage of annual indoor-discomfort hours zones. 
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Figure III-5: Annual indoor-discomfort hours map: 
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III.3.2. Thermal Energy Demand 

Following the indoor-discomfort hours of the social residential building archetype, 

the thermal energy demand of this archetype, was analyzed across all the Algerian territory. 

This section illustrates the spatial maps for the heating and cooling demand and annual 

energy demand. 

III.3.2.1 Heating Energy Demand 

Figure III-6 shows the spatial distribution of annual heating energy demand in all 

regions of Algeria. Based on the heating energy demand, Algeria is divided into three main 

zones, which can be divided into nine subzones. The first zone represents the coastal zone, 

the subcostal zone and the North of the desert. The second one includes the highlands, 

situated between the subcostal zone and the North of the desert zone. The third zone covers 

the South of Algeria (desert). 

Based on simulation results the maximum heating energy demand is registered in 

Djelfa in the Center of Algeria with 150.5 kWh/m2 followed by Souk Ahras on the Northeast 

of Algeria with 143.4 kWh/m2 and Naama with 132.7 kWh/m2 in the West of Algeria (see 

Figure III-6). On the opposite, In Guezam, Arak (Tamanrasset) and Bordj Badji Mokhtar 

(Adrar) in the extreme South of Algeria have the minimum of heating energy demand with 

2, 5.6 and 8.9 kWh/m2, respectively (see Figure III-6). Assekrem (Tamanrasset) in the 

extreme South has a high heating energy demand of around 84.2 kWh/m2. 

In addition, results indicate a significant difference between the maximum and 

minimum of heating energy demand in Algeria, which is about 148 kWh/m2. Table III-5 

shows the percentage of the Algerian territory occupied by each range of the heating energy 

demand. The heating energy demand in 78.3% of Algerian territory is ranging between 0 

and 60 kWh/m2. The heating energy demand in 16.4% of Algerian territory is fluctuating 

between 75 and 150 kWh/m2. The heating energy demand in the rest of Algeria (around 

5.3% of Algerian territory) is ranging between 60 and 75 kWh/m2 (see Table III-5). 

 

 

https://fr.wikipedia.org/wiki/H%C3%B4pital_de_Bordj_Badji_Mokhtar
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Table III-5: Territory surfaces in percentage of heating energy demand zones. 
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Figure III-6: Heating energy demand map. 
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III.3.2.2 Cooling Energy Demand 

Figure III-7 shows the spatial distribution of annual cooling energy demand in all 

regions of Algeria. Based on the cooling energy demand, Algeria is divided into three main 

zones with nine subzones. The first zone includes the North of Algeria, which is situated 

between the Mediterranean Sea and the North of the desert zone. The second zone 

represents the extreme South and the southwest of Algeria (Adrar and the west of 

Tamanrasset). Moreover, the third zone is situated between the previous two zones.  

Figure III-7:Cooling energy demand map. 
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Based on our simulation we found that the maximum cooling energy demand is 

registered in In Guezam (Tamanrasset) on the extreme South of Algeria with 140.9 kWh/m2 

followed by Arak (Tamnrasset) with 131.1 kWh/m2 and Bordj Badji Mokhtar (Adrar) with 

113.3 kWh/m2 (see Figure III-7). On the opposite, Assekrem (Tamanrasset) in the extreme 

South of Algeria has the minimum cooling energy demand with 0 kWh/m2 due to its high 

altitude. Souk Ahras follow it on the east of Algeria with 1.3 kWh/m2 and Djelfa in the center 

of Algeria with 2.8 kWh/m2 and Sidi Bel Abbes on the west of Algeria with 3.6 kWh/m2. 

Results indicate a significant difference between the maximum and minimum of 

cooling energy demand in Algeria, which is more than140 kWh/m2. Table III-6 shows the 

percentage of the Algerian territory occupied by each range of the cooling energy demand. 

The cooling energy demand in 57.7% of Algerian territory is ranging between 45 and 90 

kWh/m2. The cooling energy demand in 21.9% of Algerian territory is fluctuating between 

90 and 140 kWh/m2. The cooling energy demand in the rest of Algeria (around 20.4% of 

Algerian territory) is ranging between 0 and 45 kWh/m2 (See Table III-6). 

Table III-6: Territory surfaces in percentage of cooling energy demand zones. 
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III.3.2.3 Annual Energy Demand 

Figure III-8 shows the spatial distribution of annual thermal energy demand in all 

regions of Algeria. Based on the yearly thermal energy demand, Algeria is divided into three 

major zones, which are divided into eight subzones (see Figure III-8). 

The first zone occupied the coastal zone on the North except Tipaza and Chlef. This 

zone includes some locations in the desert zone in the South of Algeria like Aguemar, 

Mertouek, Assekrem in Tamanrasset and Tindouf. The second zone consists of the 

subcostal zone and the North of the highlands zone in the west of Algeria. This zone also 

comprises M’Sila, the North of Biskra and the southeast region of Algeria like Illizi and the 

east of Tamanrasset. The third zone occupies the desert zone, the highlands in the east 

and the south part of the highlands in the west of Algeria like Tiaret and Naama. This zone 

includes two subzones that have an annual energy demand higher than the central zone. 

The first subzone includes Djelfa, Naama, Rhourde-Nouss (Ouargla), Bordj Badji Mokhtar 

(Adrar) and In Guezam and Arak in Tamanrasset. The next subzone includes Tiaret, Al-

https://fr.wikipedia.org/wiki/H%C3%B4pital_de_Bordj_Badji_Mokhtar
https://fr.wikipedia.org/wiki/H%C3%B4pital_de_Bordj_Badji_Mokhtar
https://fr.wikipedia.org/wiki/H%C3%B4pital_de_Bordj_Badji_Mokhtar
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Bayadh, Mecheria and Ain Sefra in Naama, Beni Abbes (Bechar), Belkebir (Adrar) and In 

Salah (Tamanrasset). 

Based on simulation results, the maximum annual thermal energy demand is 

registered in Djelfa with 153.3 kWh/m2, followed by Souk Ahras with 144.7 kWh/m2 and In 

Guezam with 142.9 kWh/m2. On the opposite, the minimum annual thermal energy demand 

is found in Oran with 44.2 kWh/m2, followed by Algiers with 45.8 kWh/m2 and Beni Saf (Ain 

Figure III-8: Annual thermal energy demand map. 
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Temouchent) on the west of Algeria with 55 kWh/m2. Table III-7 shows the percentage of 

the Algerian territory occupied by each range of the annual energy demand. 

Results indicate the yearly energy demand in 64.7% of Algerian territory; the annual 

energy demand is ranging between 110 and 155 kWh/m2. In 28.6% of Algerian territory, the 

yearly energy demand is fluctuating between 90 and 110 kWh/m2. In 6.7% of Algeria 

territory is ranging between 45 and 90 kWh/m2 (see Table III-7). 

Table III-7: Territory surfaces in percentage of annual thermal energy demand zones. 
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Figure III-9: Median annual average temperature distribution across Algeria. 
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In Algeria, generally, there are relatively large variations between summer and 

winter temperatures. Although Figure III-9 represents the climate variations similar to Figure 

III-8, it is difficult to estimate the energy demand and comfort conditions. Figure III-6– III-8 

remain more informative regarding the energy needs and cooling and heating loads 

estimation for the seventy-four investigated cities. 

III.4. Discussion: 

In this chapter, thermal energy demand and the indoor-discomfort hours of a social 

residential building archetype was investigated in seventy-four locations across to the 48 

provinces of Algeria. With the support of a Geographic Information Systems (GIS) tool, new 

zoning maps of the spatial distribution of thermal energy demand and indoor-discomfort 

hours for a social residential building archetype across Algerian territory were created. The 

following discussion highlights the main study findings and elaborates on the study strength 

and limitations, explains the implications for the practice and proposes future research. 

III.4.1. Summary of the Main Findings  

The study findings indicate that the thermal and energetic behavior of the current 

social residential building archetype is different in each location across the Algerian territory. 

The disparity between the maximum and minimum the number of annual-discomfort hours 

in Algeria is significant and reaches 3900 h. The discrepancy between the maximum and 

minimum of cold-discomfort hours is 4200 h; however, it is 6400 h for heat discomfort. 

Regarding the thermal energy demand, our results indicate a significant difference between 

the maximum and the minimum, which is around 109 kWh/m2. 

The difference between the maximum and the minimum of cooling energy demand 

is 141 kWh/m2. However, it is 148 kWh/m2 for heating energy demand. This difference is 

due to the contrast between the conditions of climate zones. For example, the highlands 

zone has a continental climate with hot, dry summers and freezing dry winters. 

Nevertheless, the desert zone has an arid climate with dry, very hot summers and cold 

winters and sunny weather almost year-round (Semahi et al., 2019a). 

Concerning the primary outcomes of the spatial distribution of the-discomfort hours 

and thermal energy demand, we obtained three major climatic zones with nine subzones 

for five selected indicators: annual indoor-discomfort hours, cold-discomfort hours, heat-

discomfort hours, heating energy demand and cooling energy demand. There are 

similarities between the zoning of cold-discomfort hours and heating energy demand. 

Moreover, the heat-discomfort hours zoning is so like the cooling energy demand zoning. 
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From 56% until 90% of the year (between 4900 and 7900 h), the current social residential 

building archetype across more than 61.5% of Algerian territory has a heat-discomfort state. 

This zone covers the desert zone, which has a hot and dry climate. The cooling energy 

demand required in this zone is ranging between 60 and 141 kWh/m2. For this zone, 

passive cooling strategies must be given more importance by the architect. Only in 17.7% 

of Algeria territory, the current social residential building archetype has a cold discomfort 

from 25.5% to 48.5% of the total hours of the year (between 2250 and 4250 h). This zone 

covers the subcostal zone and highlands zone, which has a very cold climate in winter. The 

heating energy demand required in this zone is ranging between 90 and 150 kWh/m2. For 

this zone, passive heating strategies must be given more importance by architects. 

III.4.2. Strength and Limitations of the Study 

This study presents six new maps that show the spatial distribution of thermal 

comfort and energy use demand in Algeria. The maps are in high-resolution and consistent 

based on recent weather data sets, representing seventy-four meteorological stations. This 

study provides a more substantial spatial coverage for the Algerian territory involving data 

compared to previous studies that used data from forty-eight locations (Ghedamsi et al., 

2016) and forty locations (Mokhtara et al., 2019), respectively. The study presents nine sub-

zones instead of only the three or only seven zones obtained by the previous studies. This 

new classification is more accurate and informative than the current official Algerian climatic 

zoning, which has only six climatic zones (CNERIB, 1997a). In addition, the used 

interpolation method to generate the spatial maps is a suitable way to determine mapping 

zones in areas without available data across Algerian territory (Carpio et al., 2015). 

Therefore, our maps will be more accurate (high resolution) than previous research. Thus, 

the results are reliable and provide an opportunity for future designers to estimate the 

thermal and energetic performance expected in social residential housing, for all locations 

of Algeria. 

Regarding the methodology, none of the previous studies, found in literature, 

calculated the energy demand and the indoor-discomfort hours based on a calibrated 

reference building that complies with the Algerian construction standards and passive 

design principles and best practices (Semahi et al., 2019a). Worldwide, few studies 

combine GIS and BPS techniques with recent weather data set to generate up-to-date 

climatic zoning maps (Walsh et al., 2017). Our methodology is based on building 

performance simulation that requires hourly data of multiple variables for the 8760 hours of 

the year. Building performance simulation provides more accurate results compared to the 

degree-days method (Ghedamsi et al., 2016), cluster analysis, Givoni’s bioclimatic chart 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/interpolation
https://www.sciencedirect.com/topics/engineering/building-performance-simulation
https://www.sciencedirect.com/topics/engineering/building-performance-simulation
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and Mahoney tables (Carpio et al., 2015; Walsh et al., 2018, 2017). Therefore, the 

methodology can be transferred to any other climatic regions in the Global South. The 

methodology provides a data-driven approach based on GIS and BPS techniques to 

generate high-resolution maps that can help designers to find patterns or identify climates 

that difficult to grasp from weather files. We strongly believe that our methodology is valid 

and straightforward to apply in countries that are in an early stage of implementing energy 

efficiency measures for their building sector. This includes countries in Africa and, more 

specifically, the Middle East and North Africa (MENA) region. After the oil crisis in the 1970s, 

climate zone maps were used as an instrument in Northern Countries to inform designers. 

Today, many countries in the Global South, are obliged to deliver energy efficiency targets. 

Those countries do not have up-to-date climatic characterization maps that are building-

related. Therefore, the importance of climatic zoning is high in countries with a weak energy 

policy landscape. Therefore, this methodology can be transferred to fill in this gap. 

On the other hand, this study has some limitations. The most important limitation is 

the use of only one housing archetype. Even though the used multifamily residential 

archetype represents the dominant household typologies of Algeria, single-family 

households represent a large part of the residential building stock. The selected housing 

archetype design does not embed many climate-responsive features. However, we need to 

remind the reader that it is the first study to present spatial maps based on an original 

monitored building in Algeria. The selected archetype is used in an identical way throughout 

all the 74 study locations in 48 provinces, which makes it strongly representative. Therefore, 

it is recommended to explore other building typologies (offices, schools, hospitals, etc.) and 

climate-responsive archetypes, in the future. Moreover, the proposed thermal comfort is 

mainly based on the adaptive model of ASHRAE (ASHRAE, 2017). The results would have 

been influences if we chose another thermal comfort model (Attia and Carlucci, 2015). The 

same applies to the choice of EnergyPlus for building performance simulation. The result 

would have been influenced if another tool such as TRNSYS, Modelica, etc. was used. 

Therefore, designers should rely on the relative comparisons between the different cities 

based on the particular and limited reference conditions of this study. 

III.4.3. Implications for the Practice  

Algeria has a very large surface area around 2.4 million km2 and a disparity of 

topographic variations, which leads to various climatic zones across its territory. We can 

find littorals zones (Mediterranean Sea), plains zones, highlands zones, mountain zones, 

desert zones. The Algerian territory knows many levels of altitude, which is ranging between 

−40 m to 2900 m. Algeria has a various geographic distribution of annual global solar 
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irradiation, which is ranging between 4500 Wh/m2 to more than 7000 Wh/m2 from the North 

to the South (M.R. Yaiche et al. 2014). These causes can explain the difference in thermal 

comfort and energy demand across the Algerian territory. 

The new spatial maps allow building designers and decision-makers to make quick 

and easy assessments of the thermal energy demand and indoor-discomfort hours in each 

location in Algeria. The maps quantify the expected performance results with high precision 

to inform professionals, including architects and building engineers and policymakers. 

More important, the study proves that the current residential building archetype of 

social housing is not adapted to the climatic conditions and disparity between many 

locations of Algeria. Despite falling in North Africa and having most of its cities between the 

latitude from 23° to 37° (North), Algeria has a significant topographic variation (highest point: 

2900 m and lowest point: −40) consisting of massive areas extensively dissected into 

mountains and oasis. Reflecting on the study findings, the importance of developing more 

climate-responsive buildings that correspond to the nine different climatic zones of Algeria 

emerges as an essential recommendation. 

Therefore, the spatial maps allow future designers to better react to the climate 

disparity of Algerian cities and think about the best fit for climate bioclimatic principles, 

strategies and solutions to design and implement comfortable and efficient residential 

buildings. The maps can provide quantifiable guidance regarding the heat and cold indoor-

discomfort hours and the expected heating and cooling energy use. We hope that our study 

findings can form the basis for a new climatic zoning map or tool for Algeria and get 

integrated into the future development of the Algerian building thermal standard. 

III.5. Conclusions: 

The estimation of thermal comfort and energy demand for newly built construction 

is fundamental. Therefore, designing low energy buildings and estimating their energy 

needs for heating and cooling represent a major preoccupation of building designers and 

decision makers. This chapter aimed to evaluate and present the current thermal comfort 

and energy consumption behaviour of the multifamily residential building archetype across 

the Algerian territory. This study created six novel and accurate spatial maps with the help 

of geographic information systems, building performance simulation and a rich dataset of 

weather data. The research methodology combined the results of running simulations of a 

multifamily residential benchmark model in seventy-four cities of Algeria with their 

geographic locations. The research methodology reflects a novel approach to the 

development of climatic analysis based on GIS and/or BPS techniques. The spatial maps 
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were used to estimate future energy needs for cooling and heating as Algerian cities and 

regions continue to grow and target their thermal comfort expectations. Conventional 

climatic zoning and spatial mapping studies are based on only weather data regardless of 

the influence of the building physical properties. Therefore, the methodology can be used 

in other climatic regions worldwide. However, we know from building performance 

simulation that the thermal comfort and energy needs of buildings vary widely based on 

location. Finally, this study offers data-rich maps that are visual and can help designers to 

find patterns or identify climates that difficult to grasp from weather files. 

Because it was found that the current residential building archetype of social housing 

is not adapted to deferent climatic conditions and there is a disparity between many 

locations of Algeria, future work will focus on identifying optimal solutions related to building 

design for each zone in Algeria. The optimization of passive envelope design measures for 

multi-family apartment building under all Algerian climate zones represents the objective of 

the next chapter (chapter 4). These solutions include building orientation, opaque building 

envelope, transparent building envelope, shadings and the control of mechanical systems.  
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VI. Chapter 6: General conclusion: 

Low-energy building performance-optimization pathways should always take place in the 

early design stages when most of the critical decisions affecting building energy 

performance are made by integrating the optimal values of different building parameters 

depending on the climatic conditions. To design and construct low-energy buildings, it is 

essential to assure informed decision-making during the early design phases. Therefore, 

there is a need for the development of decision support tools that can predict the building 

performance and support the design decision making of low-energy buildings. 

This research aimed to contribute to the implementation of energy-efficient housing 

buildings across the Algerian territory and under all Algerian climate zones through informed 

design decision making in the early design stages of low-energy building. This thesis 

developed a decision support model that could estimate building energy performance 

(cooling and heating energy loads) in early design stages without using building 

performance simulation tools. This model provides rapid, energy-relevant feedback, and 

visualize possible consequences of the design decisions. 

Initially, we investigated the bioclimatic potential of all Algerian climate zones using a dual 

approach that combines psychrometric chart-based analysis with building performance 

simulation analysis (EnergyPlus). Then, we evaluated the thermal and energetic behaviour 

of the typical multi-family apartment building across the Algerian territory to provide accurate 

bioclimatic design recommendations for Algeria and inform building designers without 

accessing, analyzing, or interpreting dense textual information through spatial distribution 

maps for energy demand and thermal comfort estimation. This part presented the base 

case, which is optimized in the next part. 

Afterwards, we optimized the typical multi-family apartment building design for each climate 

zone using a mixed approach that combine between building performance simulation (BPS) 

tool (EnergyPlus) and building performance optimization (BPO) algorithm (NSAG-II). 

Finally, we developed a design decision-making model based on prediction using an 

Adaptive Neuro-Fuzzy Inference System (ANFIS) to estimate the cooling and the heating 

energy loads of the typical multifamily social residential building through the building design 

parameters variation. 
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VI.1. Summary of the main findings 

To understand the local climate and provide corresponding bioclimatic design principles 

and strategies, all Algerian climate zones have been investigated, and the bioclimatic 

potential has been calculated. Through the application of a mixed approach that combines 

bioclimatic analysis and building performance simulations, the following findings have been 

concluded: 

• Psychrometric chart-based bioclimatic potential analysis for investigated locations 

does not generally correspond with the simulation-based energy and comfort 

analysis. Therefore, this method can be used to provide global and general 

recommendations. 

• The bioclimatic potential analysis underestimates the cooling needs in the very hot 

zone and underestimates the heating needs in the very cold zone. 

• Algerian cities can be classified into two major categories, including cooling- or 

heating-dominated cities. 

• The percentage of average discomfort hours in Algerian households across all 

climatic zones is around 60%. 

• Evaporative cooling is the most effective bioclimatic design strategy in Algeria, 

accounting for 60% of the hours annually in cooling-dominated cities due to their 

arid nature.  

• Passive solar heating is the most effective bioclimatic design strategy in Algeria, 

accounting for 40% of the hours annually in heating-dominated cities due to their 

high altitudes. 

To understand the thermal and energy behaviour of the current typical multi-family 

apartment building across the Algerian territory, a novel approach to the development of 

climatic analysis based on GIS and BPS techniques has been used. The following 

outcomes have been obtained:  

• The current residential building archetype of social housing is not adapted to the 

climatic conditions and disparity between many locations of Algeria. 

• Nine sub-zones divided the Algerian territory according to discomfort hours or 

energy demands. 

• The disparity between the maximum and the minimum number of annual-discomfort 

hours in Algeria is significant and reaches 3900 h.  

• The discrepancy between the maximum and the minimum of cold-discomfort hours 

is 4200 h; however, it is 6400 h for heat discomfort. 
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• Regarding the thermal energy demand, our results indicate a significant difference 

between the maximum and the minimum, which is around 109 kWh/m2. 

• The difference between the maximum and the minimum of cooling energy demand 

is 141 kWh/m2. However, it is 148 kWh/m2 for heating energy demand. 

To optimize the typical multi-family apartment building design across the Algerian 

territory, a mixed approach that combine between building performance simulation (BPS) 

tool (EnergyPlus) and building performance optimization (BPO) algorithm (NSAG-II) have 

been used. The following outcomes have been concluded: 

• The current base case that represents the most commonly constructed architectural 

type in Algeria is far away from the optimal design recommendations. 

• The optimization results of passive and energy measures applied for the base case, 

of a typical multi-family social residential building, in Algeria, show significant 

improvements in the energy performance. 

• Our optimization approach achieved energy saving ranging from around 21% to 

51%. The energy saving rate is between 33% and 51% for heating dominated cities 

and between 21% and 25% for cooling dominated cities. 

To develop a decision support model that allows designers to design low-energy 

building in Algeria, an Adaptive Neuro-Fuzzy Inference System (ANFIS) was used. The 

proposed approach could estimate building energy performance (cooling and heating 

energy loads) in early design stages without using building performance simulation tools. 

With this model, we avoided barriers presented when using building performance simulation 

tools. The following results have been provided:  

• Proposed ANFIS prediction models were presented a high accuracy level. This is 

confirmed by the high coefficient of determination values R2=0.9 for cooling ANFIS 

model and R2=0.89 for heating ANFIS model. 

• The developed ANFIS model allows building designers and decision-makers to 

make quick and easy assessments of the cooling and heating energy loads for 

residential building design in Algeria. 

For design decision-making based on the ANFIS outputs, we can use the cooling and 

heating energy loads provided by the base case for each climate zone as the upper limit of 

building energy consumption threshold, and the cooling and heating energy loads offered 

by the optimal solution for each climate zone as the lower limit of building energy 

consumption threshold. 
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VI.2. Research innovations  

A list of the contributions generated by this thesis is given in the following: 

• The strength of the study relates to the use of a recent approach that combines 

simple chart-based bioclimatic analysis with simulation-based advanced building 

performance analysis. The study uses high-quality data based on a recently 

compiled climatic dataset for Algerian weather stations. 

• Our study is the first study that provides an accurate estimation of the bioclimatic 

potential for the whole country of Algeria in contrast to previous research that 

focused on specific climate zones of Algeria. Also, with the use of the calibrated 

simulation model, reliable results could be obtained regarding the thermal building 

performance and associated consequences of active heating and cooling system 

requirements.  

• Worldwide, few studies combine GIS and BPS techniques with recent weather data 

set to generate up-to-date climatic zoning maps. Building performance simulation 

provides more accurate results compared to the degree-days method, cluster 

analysis, Givoni’s bioclimatic chart, and Mahoney tables. 

• This study presents six new maps in high-resolution that show the spatial distribution 

of thermal comfort and energy demand in Algeria. Thus, the study presents nine 

sub-zones instead of only the three or only seven zones obtained by the previous 

studies. This new classification is more accurate and informative than the current 

official Algerian climatic zoning, which has only six climatic zones. Also, the used 

interpolation method to generate the spatial maps is a suitable way to determine 

mapping zones in areas without available data across Algerian territory. 

• An advanced simulation approach involving automated optimization (NSGA-II) was 

used and applied for the first time, in the Algerian context. This study was mainly 

based on adopting the variables identified by the Algerian thermal regulation (DTR 

C3-2) that primarily address the envelope’s thermal performance and surfaces 

orientation. 

• Development of design decision-making models using the adaptive neuro-fuzzy 

inference system (ANFIS) to estimate the building energy consumption based on 

the building passive design variables for a mainstream building typology. This 

approach applied for the first time in the architectural building design in the Algerian 

context and showed very good learning and prediction capabilities and could easily 

handle complex non-linear problems. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/interpolation
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VI.3. Research limitations and future work 

Several limitations have been encountered which are evident in several aspects as 

following: 

• Our reference case does not represent the different Algerian housing typologies and 

is not adapted to the climate conditions of each zone. Besides, the calibration period 

of the simulation model is only two weeks for indoor temperatures and one year for 

energy consumption (electricity and gas) readings using a manual trial-and-error-

based calibration approach. The study could have benefited from a more extended 

monitoring period (three to five years) and an automated calibration using annual 

hourly data. However, we conducted our study using the best available data. 

• The proposed thermal comfort is mainly based on the adaptive model of ASHRAE. 

The results could have influences if we chose another thermal comfort model. The 

complexity and findings abundance of the optimization process forced the authors 

to focus on one objective as an essential milestone. Thus, further investigation 

should address multiple objectives.  

• The present study of optimization did not address retrofit opportunities or optimal 

comfort adaptations. Further investigations will be carried out to evaluate the 

influence of occupants’ adaptation on comfort, cost, and optimal carbon solutions. 

• The use of simulated data for training and testing of the ANFIS model represents 

maybe a limitation and affects the reliability of the generated results. However, the 

use of data obtained from Measurement and acquisition will make the model 

prediction more reliable. 

• Characteristics of the proposed ANFIS, such as the number and shape of 

membership functions, were obtained from the literature. These two factors are the 

most influential characteristics of the designed ANFIS-based model accuracy. It is 

recommended to investigate the variation of these factors and compare the obtained 

ANFIS model’s accuracy to select the most performant one. 

• It will be interesting to compare our ANFIS model with other soft computing 

methodologies such as Artificial Neural Network (ANN), genetic programming (GP), 

Support vector machine (SVM) to demonstrate the merits of the proposed ANFIS 

approach.
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Appendix A: evolution of residential housing typologies in 

Algeria 

➢ Constructed dwellings between 2004 and 2012 in Algeria (ONS, 2018): 

Année LPL LSP 
Loc 
vente 

Prompti
onnel 

Aoto-
constru
ction 

Total 
urbain 

Rural Total 

2004 24668 17285 5885 9292 35293 92423 24045 116468 

2005 25834 15787 12350 8027 27574 89572 42907 132479 

2006 43527 23769 7128 8435 18630 101489 76287 177776 

2007 44079 19325 8491 5028 14671 91594 88336 179930 

2008 57657 37123 1827 4070 15176 115853 104968 220821 

2009 55550 37924 9043 5644 18142 126303 91492 217795 

2010 61316 28889 7777 4891 11761 114634 76239 190873 

2011 74317 28114 6816 6061 30836 146144 66521 212665 

2012 66259 24732 2422 5454 14750 113617 85562 199179 

Total 428539 215663 55854 47610 151540 899206 632312 1531518 
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➢ Breakdown of constructed rural dwellings by Province (wilaya) between 1999 

and 2005 (MHUV, 2018): 
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➢ Breakdown of constructed rural dwellings by Province (wilaya) between 2007 

and 2009 (MHUV, 2018): 
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➢ Breakdown of constructed urban dwellings by Province (wilaya) between 

1999 and 2005 (MHUV, 2018): 

 

 

 

 



Appendixes 

138 
 

➢ Breakdown of constructed urban dwellings by Province (wilaya) between 

2007 and 2009 (MHUV, 2018): 
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Appendix B: Predicted ANFIS non-linear relationship between inputs 

and outputs 

These figures presented the variation of cooling and heating energy loads based on two 

design variables variations. That means how the variation of two design variables affect the 

energy loads. 
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