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Executive summary 

This technical report gives a review of 12 fully documented case studies of bioclimatic 

buildings located in Europe and Africa, with data collected from architects and technical 

experts.  

The case studies have been chosen for their ability to give exemplary realization of the 

bioclimatic approach, especially in terms of suitability to specific local climate 

conditions, use of passive cooling and/or passive ventilation, use of energy efficient 

systems, natural light gains, use of local materials, with low embedded energy and 

sustainable production.  

It reports a compilation of all technical and non-technical information of the buildings 

selected.  

An analysis of the local climate and a description of the main bioclimatic features are 

proposed for each case study.  

The lessons learned from these buildings with exemplary bioclimatic architecture and 

low energy technologies will provide inputs to the technical guidelines and tools for 

future-proof passive design in warm climates and would be the basis for future African 

projects and international collaboration 
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Abbreviations 

Term Name 

AMEE 
Agence marocaine pour l’efficacité énergétique (Moroccan agency for 

Energy Efficicency 

AUI Al Akhawayn University in Ifrane 

DEEC 
Direction de l’Environnement et des Etalblissements Classés/Ministère 

de l’Environnement et du Développement Durable 

ECOWAS Economic Community of West African States 

ECREEE ECOWAS Centre for Renewable Energy and Energy Efficiency 

EE Energy Efficiency 

EED Energy Efficiency Directive (EU) 

EEB Energy Efficiency in Buildings (ECOWAS) 

EEEP ECOWAS Energy Efficiency Policy 

NW North West 

EPBD Energy Performance of Buildings Directive (EU) 

FC.ID Faculdade de Ciências da Universidade de Lisboa 

Net ZEB Net Zero-Energy Building 

nZEB Nearly Zero-Energy Building 

PoliMi Politecnico di Milano 

UN-Habitat United Nation Human Settlement Programme  

UR University of La Reunion 
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1. Introduction 

ABC 21 aims to increase the energy performance, the quality of life and sustainability 

of West-African buildings through the identification, strengthening and effective 

deployment of affordable bioclimatic designs and local materials under the challenging 

African climate and urbanization context.  

In this context, this technical report gives a review of 12 fully documented case studies 

of bioclimatic buildings located in Europe and Africa, with data collected from architects 

and technical experts.  

The case studies have been chosen for their ability to give exemplary realization of the 

bioclimatic approach, especially in terms of suitability to specific local climate 

conditions, use of passive cooling and/or passive ventilation, use of energy efficient 

systems, natural light gains, use of local materials, with low embedded energy and 

sustainable production. 

It reports a compilation of all technical and non-technical information of the buildings 

selected. An analysis of the local climate and a description of the main bioclimatic 

features are proposed for each case study.  

The lessons learned from these buildings with exemplary bioclimatic architecture and 

low energy technologies will provide inputs to the technical guidelines and tools for 

future-proof passive design in warm climates and would be the basis for future African 

projects and international collaboration. 

1.1 Scope and objectives 

The principal objective of these showcase buildings is to prove to the public and private 

sectors that bioclimatic approaches work, that bioclimatic buildings can be affordable 

and comfortable. The case studies selected are presented and well documented so as 

to draw a picture of best practices for the application of bioclimatic design, using 

passive techniques like natural ventilation and the use of local materials. The buildings 

presentation needs to be based on solid measured data using performance indicators 

and on positive users’ feedbacks obtained from post-occupancy evaluation. 

1.2 Document Structure 

The document is structured as follows : 

- Section 2 describes the methodology used 

- Section 3 gives an overall description of the case studies, the template used 

and the online Google Map 

- Section 4 gives information about the contact persons for each case studies 

- Case studies are described in Annex A (Europe) Annex B (La Réunion) Annex 

C (Africa) 

- Annex D contains the template format used by the participants  
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2. Methodology 

The methodology followed so as to reach the objectives was based on: 

• The proposition and selection of potential case studies of bioclimatic buildings 

located in Europe and Africa, especially in warm climates, according to a defined 

set of criteria. This stage included the research of projects on different websites 

online, in research papers or from our ABC21 project partners and allies. 

• The creation of a template form based on a common language and the indicators 

defined in the project, documenting the case studies selected with technical data 

collected from the architects and/ or design team.  

• The collection of measured existing data, from previous measurement and 

assessment campaigns or – in a selection of cases – with new measurement and 

assessment campaigns performed within the ABC21 project. This will allow to 

calculate different key performance indicators in terms of energy performance and 

comfort (thermal, visual, acoustic and air quality). Post Occupancy Evaluation 

(POE) and users’ feedback are also required in order to evaluate the real 

performance of the different case studies. 

• For each case study, the template will be filled out with architectural, environmental 

and technical data. This includes an in-depth description of the main general 

strategies developed to design climate responsive building, the passive and low 

energy solutions used, the calculated key performance indicators, POE results and 

users’ feedback. It is crucial to provide in-depth information and technical data 

about each project in order to conduct a comprehensive analysis of bioclimatic 

solution sets according to the climate zone. Finally, the strengths and weaknesses 

of each project will be highlighted.  

The 12 case studies have been selected according to a list of mandatory and optional 

criteria, defined as follows (see Table 1) : 

Table 1: List of mandatory and optional criteria used for the selection of the case studies 

Mandatory criteria Optional criteria 

Cooling dominated climate 
Use of renewables (PV, Solar 

thermal, wind, geothermal,etc.) 

Operational at least 1 year (in use) 
Use of local materials, with low-

embedded energy 

Data accessibility: Plans, details, cross-sections, 

photos, and technical data of the bioclimatic features 

Buildings designed according to 

performance standards or a 

benchmarking/labelling program 

Passive design, especially passive cooling solutions  

Low energy systems  

Performance data: Energy and thermal comfort 

assessment, POE, Users’ feedback. 
 

Building type: Residential (single family house, social 

multi apartments building, etc.) / Hostels / Offices/ 

Educational (schools, university, etc.) / Hospitals 

 

Building Height: 5 storeys maximum  
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The selection of the case studies was also realised by considering two important concepts in 

this project, namely the affordability and replicability of the buildings. 

 

3. Case studies collection | Phase 1 

This section presents the 12 case studies that have been selected (see Figure 1) and 

the structure of the template that has been designed to allow a uniform description of 

the case studies.  

3.1 General overview 

 

 
Figure 1: Presentation of the 12 case studies 

BOTTICELLI PROJECT
Sicilia, Italy

RESIDENTIAL

CML KINDERGARTEN
Lisbon, Portugal

EDUCATIONAL

IZUBA ENERGIES BUILDING
Fabrègues, France

OFFICE

NIAMA
Saint-Pierre, La Réunion

RESIDENTIAL

ENERPOS
Saint-Pierre, La Réunion

EDUCATIONAL
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MAISON DES ENERGIES
Matam, Senegal

OFFICE & RESIDENTIAL

UNON OFFICE BUILDING
Nairobi, Kenya

OFFICE

VILLAS DES CHERCHEURS

Ben Guerir, Morocco

RESIDENTIAL

DAR NASSIM PROJECT
Marrakech, Morocco

RESIDENTIAL

SALAM CARDIAC SURGERY CENTRE

Khartoum, Sudan

HEALTH FACILITY

DAR AMYS VILLA
Marrakech, Morocco

RESIDENTIAL
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3.2 Structure of the case study template  

This section presents the structure of the template form filled out for the 12 case studies 

selected in Europe and Africa. Each project has been fully described in a consistent 

manner in terms of general information, bioclimatic solutions, energy efficient solutions 

and renewable energy systems, as well as key performance indicators. 

The template is divided in 15 main categories: 

1. Geographical and climate information; 

2. Building information; 

3. Stakeholders; 

4. Project description; 

5. Site integration; 

6. Climate analysis; 

7. Key bioclimatic design principles; 

8. Infrastructures and regulations to enable sufficiency action; 

9. Building fabric and materials; 

10. Energy efficient building systems; 

11. Renewable energy; 

12. Building analysis and key performance indicators; 

13. Lessons learned and recommendations; 

14. Building strengths and weaknesses; 

15. References. 

3.3 Creation of an online Google map (see Figure. 2). 

A google map has been created and allow to have access online to a general 

description of each case study by clicking on its icon -i.e.Name of the building . The 

map is available at the following address: 

https://www.google.com/maps/d/u/0/edit?mid=1WG_My0_YT7XGOK7LgZLjkwpf4Wv

u9tCD 

A comprehensive description of each case study is downloadable as well by clicking 

on the icon of the selected building. 
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Figure 2 : World map giving the location of the 12 bioclimatic case studies, by building type. By clicking on each 
icon, some general features about the selected building are available. It is also possible to download a pdf version 

of a comprehensive description of the building. 
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4. List of contact persons by country and building project 

For each project, some contact persons from the ABC21 project were designated to 

collect from the design team and the users all the information needed to fill out the 

template. The table below lists the names of the contact persons which were 

responsible of the case study project. 

 
Table 2 : Contact person by country and building project 

Project 
Name/Country 

Contact person Institution Email address 

EUROPE 

Botticelli Project/ 

Italy 

Silvia Erba 

Alessandra Barbieri 

Lorenzo Pagliano 

PoliMi 
silvia.erba@polimi.it  
alessandra.barbieri@polimi.it  
lorenzo.pagliano@polimi.it  

CML 

Kindergarten/ 

Portugal 

Daniel P. Albuquerque 

Guilherme Carrilho da 
Graça 

FC.ID 
dpalbuquerque@fc.ul.pt  

gcg@fc.ul.pt 

IZUBA Energies 

Building / France 

Virginie Grosdemouge 

Aristide Moucazambo 
UR 

Virginie.grosdemouge@univ-

reunion.fr 

38003499@co.univ-reunion.fr 

LA REUNION 

Niama/ France 

(La Réunion) 

Virginie Grosdemouge 

François Garde 

Aristide Moucazambo 

UR 

Virginie.grosdemouge@univ-

reunion.fr 

garde@univ-reunion.fr 

38003499@co.univ-reunion.fr 

ENERPOS / 

France (La 

Réunion) 

Moufia Lecture 

Theater / France 

(La Réunion) 

AFRICA 

Maison des 

Energies/ 

Senegal 

Ernest Dione 
Virginie Grosdemouge 

DEEC 
UR 

ernes.dione@gmail.com 

UNON Office 

Building / Kenya 

Vincent Kitio 
Virginie Grosdemouge 

UN Habitat vincent.kitio@un.org 

Villas des 

Chercheurs/ 

Morocco 

Asmae Kaldoune 
Virginie Grosdemouge 

AUI 
UR 

A.Khaldoune@aui.ma 
Virginie.grosdemouge@univ-

reunion.fr 

Dar Nassim 

Project/ Morocco 
Asmae Kaldoune 
Virginie Grosdemouge 

AUI 
UR 

A.Khaldoune@aui.ma 
Virginie.grosdemouge@univ-

reunion.fr 

Dar Amys Villa/ 

Morocco 
Asmae Kaldoune 
Virginie Grosdemouge 

AUI 
UR 

A.Khaldoune@aui.ma 
Virginie.grosdemouge@univ-

reunion.fr 

Salam Cardiac 

Surgery Centre/ 

Sudan 

Aristide Moucazambo 
Virginie Grosdemouge 

UR 

38003499@co.univ-reunion.fr 
Virginie.grosdemouge@univ-

reunion.fr 
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ANNEX A: CASE STUDIES IN EUROPE 

Case study 01 : Botticelli Project, Italy 

Case study 02 : CML Kindergarten, Portugal 

Case study 03 : Izuba Energies Building, France 
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CASE STUDY 01: BOTTICELLI PROJECT | ITALY 

 

    

GEOGRAPHICAL AND CLIMATE INFORMATION 

Location  Via Botticelli, Mascalucia (CT), Sicily, Italy 

Latitude; Longitude 37.60422167605705, 15.045983886279847 

Climate zone (Köppen–Geiger classification) Csa: Warm temperate climate with dry and hot 

summer 

BUILDING INFORMATION 

Building Type Residential - Detached house 

Project Type New building 

Completion Date 2012 

Number of buildings 1 

Number of storeys 1 

Total Floor Area (m²) 180 m2 

Net Floor Area (m²) 150 m2 

Thermally conditioned space area (m²) 144 m2 

Spaces with Natural Ventilation (with or without 

Ceiling Fans) Only (m²) 

the ventilation of the entire building can be natural or 

mechanical 

Total cost (€) 400 000 [1] 

Cost /m² (€/m²) 2 666.7  [1] 

Performance Standards or Certification Passivhaus e CasaClima Gold [2] 

Awards None 

STAKEHOLDERS 

Building Owner/ Representative Eng. Carmelo Sapienza  

Architect / Designer Eng. Carmelo Sapienza of Sapienza & Partners 

technical firm 

Construction manager Eng. Carmelo Sapienza 

Environmental consultancy  Politecnico di Milano gruppo eERG 

Structural Engineer, Civil Engineer Eng Fabio Mondelli 

Product Manufacturer  Rockwool Italia – Siemens building technologies  

Certification company Passivhaus standard [2] 
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PROJECT DESCRIPTION 

 

Figure 3: Botticelli project external view [3] 

Botticelli project is a single-story home, composed by a 

living room (including the kitchen), three bedrooms, a 

study room and two bathrooms (Figure 5). The layout 

has a U shape, with an internal patio communicating 

with the garden and allowing for crossflow ventilation 

and night-time ventilation strategies. The patio 

contributes also to daylighting. Botticelli project is 

among the first examples of Net Zero Energy Buildings 

located in the Mediterranean climate. The building, 

certified according to Passivhaus standard, is a single-

family house monitored for research purposes and 

operated by a BACS, which is controlling the external 

solar blinds, the mixed-mode ventilation system, the PV 

and thermal solar panels and the Earth-to-Air Heat 

Exchanger (EAHE). 

Figure 4: Botticelli project aerial view [3] 

 

Figure 5: Botticelli project plan view [4] 

SITE INTEGRATION 

  

Botticelli project is an all-electric single-family detached 

house, located in the municipality of Mascalucia in 

Sicily, Italy. The U-shaped building is located in a 

residential urban context where surrounding 

constructions have a maximum height of two floors [5–

7].  
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CLIMATE ANALYSIS 

 

Figure 6: Givoni Bioclimatic chart for the climate of Mascalucia using Andrew Marsh online tool. Climate data 
are extracted from 

http://climate.onebuilding.org/WMO_Region_6_Europe/ITA_Italy/SC_Sicily/ITA_SC_Catania.Fontanarossa.AP.

164600_TMYx.2004-2018.zip [8] 

 

Figure 7: Temperature range by month for Mascalucia- Source: 

Climate consultant – Adaptative Comfort model [9] 

 

Figure 8: Wind rose for Mascalucia [4] 

Global horizontal radiation (Avg daily total) Min 

(month) / Max (month) 

Min: 2 248 Wh/m2 (Dec) 

Max: 7 599 Wh/m2 (Jul) 

Mean: 4 906,5 Wh/m2 

Annual Degree-Days for weather classification 

according to ASHRAE Standard 169-2020  

HDD 18°C: 1 129 

CDD 10°C: 2 984 

Annual Degree-Days for the Adaptive Comfort 

Base Temperature according to the ASHRAE 

55-2017 for 80% of acceptability 

HDD (Lower limit 80%):566 

CDD (Upper limit 80%): 554 

The Degree Days have been calculated considering the 

heating season from 15/11 to 31/03 and the cooling 

season from 01/04 to 14/11. 
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Annual Degree-Days for a static comfort 

temperature approach 

HDD 18.6ºC: 1 000 

CDD 26º: 169 

The Degree Days have been calculated considering the 

heating season from 15/11 to 31/03 and the cooling 

season from 01/04 to 14/11. 

KEY BIOCLIMATIC DESIGN PRINCIPLES 

Passive cooling strategy  Comfort ventilation: 

Natural ventilation strategy is activated through the 

manual opening of windows and is detected and 

registered by the KNX bus by means of an electrical 

sensor installed on each window. 

Nocturnal convective ventilation 

The natural ventilation (cross ventilation) is exploited 

during the night-time. 

The Source as cooling source: 

The Earth-to-Air Heat Exchangers (EAHE) serves the 

cooling/heating coil in order to pre-heat/cool the inlet 

air. 

Passive heating strategy The building exploits the thermal mass and its activation 

via ventilation. Technological application consists of a 

multilayer wall including a continuous mineral wool 

layer facing the outdoor environment and a core layer 

of massive elements such as masonry (for walls) and 

concrete (for slabs). 

Solar protection Shading systems is a motorized solar system which can 

be controlled manually or through an automatic system 

(lowering or raising the shadings and by setting the 

orientation of the louvres). 

Building orientation  The structure of the detached-dwelling is defined 

approximately by a U-shape and is characterized by a 

slope roof equipped with photovoltaic system mainly on 

the south side. The entrance to the building is located 

on the east-south facade. 

Insulation  Exterior insulation finishing system. 

The structure in reinforced concrete framed is designed 

without thermal bridges. Insulation mineral wool rock 

with all doors and windows characterized by  mono-

block with mosquito nets and shading system. 

Vegetation The permeable surfaces (vegetation and external 

pavement area) are more than the 40% of the land plot 

area.  

Soil permeability is maintained at 95% by infiltration 

with permeable floor and garden and rainwater 

collection. During the summer months, the irrigation of 

vegetation takes place by the re-use of grey water 

(recycled back into the water cycle) through a small 

phyto-treatment plant. 
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Natural daylighting The lighting project is designed to optimize the 

interaction between natural light and artificial light, also 

in terms of energy efficiency. 

Use of local and embedded materials N/A 

Water saving and heat recovery on hot water 

drain 

The project Botticelli is equipped with a system of 

rainwater collection and water reuse. The rainwater 

collected and filtered is used to power the wastewater 

of the WC’s toilet and the washing machine. The 

constructed Wetlands in the summer complements the 

reserve for the irrigation of the garden. The entire 

system is supported by the home automation system, 

which regulates its efficiency. The water system 

provides for the separation and collection of waste 

water of the building. 

Waste management N/A 

Others features The asset is equipped with bicycle racks to improve the 

use of alternative transport and a line drying spaces. 

  

Figure 9: Project Botticelli shading systems [3] 

INFRASTRUCTURES and REGULATIONS to enable SUFFICIENCY ACTION 

Dressing code Informal dressing, adapted to the season, is welcome and promoted 

(e.g. short trousers and short leaves in hot periods): Yes  

Protected bike parking and 

showers 

Yes  

Ratio with number of users: 2/4 showers/people 

Ceiling fans In every room, even those conditioned: No 

Lighting system fractioned to 

allow using light only in zones 

occupied and where daylighting 

insufficient 

In every room, even those conditioned: n/a 

 

Space and facilities for line 

drying clothes (especially 

important in residences, hotels, 

sport facilities…) 

In every room, even those conditioned: Yes 
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Book of instruction for correct 

use of the passive features 

(windows, solar protections, 

water savings) and active 

(lighting…) in order to promote 

sufficiency and efficiency actions 

Available through leaflets and posters at relevant places, online, etc.:  

It is not necessary since the building is a detached residential house 

and the users are aware how to use the building correctly. 

 

 

BUILDING FABRIC AND MATERIALS 

Roof The roof is structured as Figure 10: 

1. Impermeable breathable membrane (0.5 cm)  

2. Rockwool insulation (28 cm)  

3. Vapour barrier (-)  

4. Reinforced concrete slab (20 cm)  

5. Internal plaster (3 cm) 

U-value: 0.130 [W/m2K] 

Overall R-value: 7.69 [m2K/W] 

Basement floor The basement floor is structured as Figure 10: 

1. Parquet (2 cm)  

2. Acoustic insulation (0.5 cm) 

3. Expanded clay (20 cm) 

4. Rockwool insulation (1 cm) 

U-value: 0.231 [W/m2K] 

Overall R-value: 4.33 [m2K/W] 

Windows Type: Triple + double glazing 

3G-Internorm IBE-LIGHT ESG4b/18g/ESG4/18b/b4ESG + 2G-

Internorm IBE-LIGHT 6ESG/12g/b6ESG Kr 

(U g-value = 0.7 W/m2K, g-value = 54 %) 

Window-to-wall ratio (WWR): n/a 

Windows thermal transmittance: 0.90 – 1.10 [W/m2K] 

Visual transmittance: n/a 

Walls The wall is structured as Figure 10: 

1. Hollow brick (30 cm)  

2. Internal plaster (3 cm) 

3. Rockwool insulation (20 cm) 

4. External plaster (1 cm) 

U-value: 0.127 [W/m2K] 

Overall R-value: 7.87 [m2K/W] 
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Figure 10: Main building envelope solutions [4] 

 

ENERGY EFFICIENT BUILDING SYSTEMS [3,4,7] 

Low-energy cooling systems The building is served by a reversible heat pump (air-water 6 

kW) and an EAHE (Earth-to-Air Heat Exchangers) which 

provides the possibility for pre-heating or pre-cooling the 

handled air. This latter may then pass through a heat recovery 

unit before being processed by the heating/cooling coils and 

distributed to the bedrooms and the living room.  

Low-energy heating systems An electrical air to water reversible heat pump (6 kW) serves the 

heating/cooling coil in the main inlet ventilation duct. The 

climatization is realized by an all-air system in which the main 

air-inlet is connected to the heat exchanger EAHE (Earth-to-Air 

Heat Exchangers) and a heat recovery unit (air-air, cross-flow). 

The purpose of the EAHE is to pre-heat the handled air. 

Ceiling fans N/a 

Mechanical ventilation / air renewal The air renewal strategies are: 

▪ Natural ventilation 
▪ Nocturnal ventilation 
▪ Mechanical ventilation with the exploitation of cross-

flow heat recovery unit. 

The windows are equipped of sensors able to send signals to 

the BMS (bus Konnex). The mechanical ventilation is 

automatically unactive when the windows are open and vice 

versa. 

Domestic Hot Water The building is served by: 

▪ Electrical air to water heat pump (the one over-
mentioned for heating system) 

▪ Solar thermal 
The thermal energy provided for domestic hot water system is 
generated by an integrated system: a water storage of 500 
litres connected to the solar thermal system (7 m2 of flat 
collectors) and the electrical heat pump (air-water). 

Artificial lighting The whole building is equipped with high-efficiency LED lighting. 

Control and energy management The connection of BMS with the room’s sensors and the 

systems allows to exploit and monitoring in real time the comfort 

and the energy performance. The management is based on 

Konnex standard on the first part and secondly on BACnet 

communication protocol (BACS class A realized with home 

automation KNX / connection for control, supervision and 

monitoring). 
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Figure 11: Botticelli Project view plan (on the left: sensors location, on the right: natural ventilation)[3] 

 

    
Figure 12: Pictures of installed systems (on the left: thermal solar collectors, on the right Earth to Air Heat 

Exchanger) [3] 

 

RENEWABLE ENERGY [3,4,7] 

PV PV system (8.14 kW peak electric power) is installed alongside the building and on 

the sloped roof (both are mainly south-orientated). The electricity production by the 

PV panels is continuously monitored and compared with the instantaneous energy 

use of the building and the delivered energy (from the grid). 

Solar thermal Thermal solar panels are installed on roof and are part of an integrated system. 

(7 m2 of flat collectors).  

Wind N/A 

Geothermal The EAHE (Earth-to-Air Heat Exchangers) provides the possibility for pre-heating 

or pre-cooling the ventilation air. The EAHE has been designed considering the 

geometric limits of the lot and the soil type and it can be excluded from the 

ventilation system by means of a by-pass duct, when required, according to the 

chosen control strategy. 

Biomass N/A 
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Figure 13: Pictures of photovoltaic System and solar thermal collectors [3] 

   

Figure 14: Pictures and schema of Earth to Air Heat Exchanger [3] 

 

BUILDING ANALYSIS AND KEY PERFORMANCE INDICATORS 

Thermal 

comfort 

indicators 

 

1. Percentage of time outside an operative temperature range (Adaptive, II category 

EN16798-1, cooling season): 3.9% 

2. Percentage of time outside an operative temperature range (Fanger, II category 

EN16798-1, heating season): 23.3% 

3. Degree-hours (Adaptive, II category EN16798-1, cooling season): 303 

4. Degree-hours (Fanger, II category EN16798-1, heating season): 108 

4. Percentage of time inside the Givoni comfort zone of 1m/s:  

Whole year: 88% (Figure 17) 

Cooling season: 96% 

5. Percentage of time inside the Givoni comfort zone of 0m/s: 

Whole year: 44% (Figure 17) 

Cooling season: 41% 

6. Number of hours within a certain temperature range (Figure 15): 
 

Heating season (15th-11 to 31th-03) 

Range N° of Hours frequency 

T≤19 26 0.8% 

19≤T<24 3201 98% 

T≥24 38 1.2% 

 

Cooling season (1st-04 to 14th-11) 

Range N° of Hours Frequency 

T≤20 0 0% 

20≤T<26 3526 64% 

T≥26 1969 36% 
 

Energy 

performance 

indicators 

 

1. Energy needs for heating: 7.21 [kWh/m2/year] [4] 

2. Energy needs for cooling: 10.25 [kWh/m2/year] [4] 

3. Energy use for lighting: 27.72 [kWh/m2/year] [4] 

4. Energy needs for Sanitary Hot water: 2.38 [kWh/m2/year] [4] 
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5. Total Primary energy use: 144.5 [kWh/m2
net/year] (total Primary Energy Factor (PEF) 

equal to 2.42 for electrical energy from the grid)  

6. Renewable Primary energy generated on-site: 76 [kWh/m2/year] [4] (Figure 18) 

7. Renewable Primary energy generated on-site and self-consumed: 17.09 

[kWh/m2/year] [7] 

8. Renewable Primary energy exported to the grid: 56.02 [kWh/m2/year] [7] 

9. Ratio of renewable primary energy over the total primary energy use (with and without 

compensation): 11.82% [7] 

10. Delivered energy: 43.04 [kWh/m2/year] [7] 

Acoustic 

comfort 

indicators  

 

1. Airborne sound insulation: N/A 

2. Equivalent continuous sound Level: N/A 

3. HVAC noise level: N/A 

4. Reverberation time: N/A 

5. Masking/barriers: N/A 

Visual 

comfort 

indicators  

 

1. Light level (illuminance): YES 

2. Useful Daylight Illuminance (UDI): N/A 

3. Glare control: N/A 

4. Quality view: YES 

5. Zoning control: YES 

Indoor Air 

Quality 

indicators 

 

1. Organic compound: N/A 

2. VOCs: N/A 

3. Inorganic gases: YES (CO2) 

4. Particulates (filtration): N/A 

5. Minimum outdoor air provision: N/A 

6. Moisture (humidity, leaks): N/A 

7. Hazard material: N/A 

Users’ 

feedback 

n/a 

     

Figure 15: Percentage of hours within comfort range of operative temperature  
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Figure 16: Operative temperature and comfort boundaries (EN16798-1:2019) (Fanger comfort model for 
heating season from 15/11 to 31/03 and adaptive comfort model the cooling season from 01/04 to 14/11, II 

comfort category) 

 

  

Figure 17: Givoni bioclimatic chart – distribution of hourly operative temperature of the monitored year 
(2017/2018) 
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Figure 18: Monthly and yearly energy production by PV (green) and total energy use (red) during the 

investigated year (2017/2018) 

 
Figure 19: Comparison between the monthly electrical energy imported/exported (monitored year: 

2015/2016)[7] 

 

LESSONS LEARNED AND RECOMMENDATIONS 

Lessons learned 

The analyses highlight that even under challenging outdoor 

temperatures without an active conditioning thanks to the building 

geometry, highly insulated envelope and external movable solar 

protections automatically controlled, the building remains in comfort 

zone. 

The presented comfort indexes allow verifying both how many degrees 

and how long the building is outside the comfort zone. During the 

cooling season, even though the percentage of hours in which the 

operative temperature higher than 26°C is 36%, the calculated 

operative temperature is just slightly higher than the comfort threshold.  

Recommendations 

The analysis of the building energy performance is important in terms 

of load-management strategies to optimize the use of renewable 

energy and to improve the balancing between production and use.  

Figure 19 shows that on a monthly basis the renewable energy 

generated on site is lower than the energy use for some months, 

therefore should be explored all the possibilities for shifting (on a daily 

basis) part of use of energy to hours where PV generation takes place, 

in order to reduce the daily mismatch, even without installation of 

electrical storage. Long term, inter-seasonal storage (e.g. storing for 

using in winter the energy generated by renewables in summer) 

remains a challenge both in terms of available spaces and cost, 

possibly to be addressed at district scale.  

BUILDING STRENGTHS AND WEAKNESSES  

Strengths 

   

Passive Design Energy Efficiency Renewable Energy 

Weaknesses 

As reported in the previous analysis the building shows generally high energy and comfort performance 

though out the year. However, the north-facing rooms may exceed the comfort thresholds (as shown in 

the Figure 16) because of their unfavourable position. 
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CASE STUDY 02: CML KINDERGARTEN | PORTUGAL 

 

  
 

GEOGRAPHICAL AND CLIMATE INFORMATION 

Location  Rua Margarida de Abreu 4, 1900-314, Lisbon, Portugal 

Latitude; Longitude 38.74359816203614, -9.131250349942396 

Climate zone (Köppen–Geiger 
classification) 

Csa: Warm temperate climate with dry and hot summer 

BUILDING INFORMATION 

Building Type Educational (Kindergarten) 

Project Type New construction 

Completion Date 2013 

Number of buildings 1 

Number of storeys 2 

Total Floor Area (m² ) 920 

Net Floor Area (m² ) 800 

Thermally conditioned space 
area (m² ) 

600 

Spaces with Natural Ventilation 
(with or without Ceiling Fans) 
Only (m²) 

0 

Total cost (€) - 

Cost /m² (€/m²) - 

Performance Standards or 
Certification 

 Portuguese National Code (RECS, 2013) 

Awards - 

STAKEHOLDERS 

Building Owner/ Representative Municipality of Lisbon (CML) 

Architect / Designer Appleton & Domingos, Arquitetos 

Construction manager Municipality of Lisbon (CML) 

Environmental consultancy  NaturalWorks 

Structural Engineer, Civil 
Engineer 

A2P  

Product Manufacturer  - 

http://www.appletondomingos.pt/
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Certification company NaturalWorks 

 

PROJECT DESCRIPTION 

 

Figure 20 : Elements of the natural ventilation 

system 

The CML kindergarten, constructed in 2013, is a small 

two-story building with a total area of 680 m2 

distributed in two floors with 3 m floor to ceiling height. 

This school is naturally ventilated and does not have 

a mechanical cooling or ventilation. A natural 

displacement ventilation system was developed to 

provide fresh air with adequate acoustic insulation.  

The CML Kindergarten uses solar thermal energy to 

heat domestic hot water that fed the hydraulic 

radiators which were installed in each classroom. 

The design also includes high exposed thermal mass, 

daylighting, and solar shading. 

 

 
Figure 21: CML kindergarten building schematics. 

 

SITE INTEGRATION 

 

Figure 22: Aerial view of the building. 

The building is located in the outskirts of an urban 

dense neighbourhood in Lisbon, and it is a grid 

connected building. The CML Kindergarten is 

immediately surrounded by a garden (Southwest and 

Northwest, as shown in the figure), a playground area 

(Northeast) and a parking lot (Southeast). Regarding 

other buildings, the CML Kindergarten is surrounded by 

low to mid-rise buildings from the South, West, and 

North directions and from East by a small cliff 

(equivalent to a low-rise building). 
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CLIMATE ANALYSIS 

 

Figure 23 – Givoni Bioclimatic chart for the climate of Lisbon (Source: Andrew Marsh online tool). 

 

 
Figure 24 – Typical monthly air temperature range in Lisbon 
(Source: Climate consultant – Adaptative Comfort model). 

 
Figure 25 : Wind rose for Lisbon. (Source: 

Climate consultant) 

 

Global horizontal radiation (Avg 

daily total) Min (month) / Max 

(month) 

Min: 1 946 Wh/m2 (December) 

Max: 7 548 Wh/m2 (July) 

Annual Degree-Days for weather 

classification according to 

ASHRAE Standard 169-2020  

HDD 18°C: 944 

CDD 10°C: 2 696 

Annual Degree-Days for the 

Adaptive Comfort Base 

Temperature according to the 

ASHRAE 55-2017 for 80% of 

acceptability 

HDD (Lower limit 80%): 1 295 

CDD (Upper limit 80%): 18.5 

 

Annual Degree-Days for a static 

comfort temperature approach 

HDD 18.6ºC: 1 063 

CDD 26º: 17 
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KEY BIOCLIMATIC DESIGN PRINCIPLES 

Passive cooling strategy  The natural ventilation strategy consists of air being introduced into the 

space through low level grilles (or openable windows) on the façade 

and being exhausted in the centre or back of the room, through one or 

two chimneys depending on the size of the room. With this strategy, 

both comfort ventilation and nocturnal convective ventilation are used 

in summertime (see figure below in summer operation mode). 

Passive heating strategy The winter operation mode allows for a semi-passive heating strategy 

with the heating being provided by passive convectors, feed by a heat 

pump.  

Solar protection Passive solar protection for the ground floor with horizontal overhangs, 

and active solar protection for the first floor with horizontal fins (see 

figure below).  

Building orientation  The building has a rectangular shape with its main façades facing 

Northwest and Southeast. 

Insulation  Insulation applied in the outer layers of the façades and roof. 

Vegetation - 

Natural daylighting The lighting project included natural and artificial lighting. There are 

several skylights throughout the building. 

Due to limited financial resources for initial and running costs, the 

systems are manually operated. 

Use of local and embedded 

materials 

- 

Water saving and heat recovery 

on hot water drain 

- 

Waste management - 

Others features - 

 

Figure 26: Winter and Summer operation modes. 

INFRASTRUCTURES and REGULATIONS to enable SUFFICIENCY ACTION 

Dressing code Informal dressing, adapted to the season, is welcome and promoted 

(e.g., short trousers and short leaves in hot periods): No 

Protected bike parking and 

showers 

No 

Ratio with number of users:  
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Ceiling fans In every room, even those conditioned: No 

Lighting system fractioned to 

allow using light only in zones 

occupied and where daylighting 

insufficient 

In every room, even those conditioned: No 

Space and facilities for line 

drying clothes (especially 

important in residences, hotels, 

sport facilities…) 

In every room, even those conditioned: No 

Book of instruction for correct 

use of the passive features 

(windows, solar protections, 

water savings) and active 

(lighting…) in order to promote 

sufficiency and efficiency actions 

Available through leaflets and posters at relevant places, online, etc.: 

Yes 

BUILDING FABRIC AND MATERIALS 

Roof The roof is structured as (from outside to inside): 

1. Aluminium (thickness 0.01 m, thermal conductivity 15.1 

W/m∙ºC, thermal resistance 0 m2∙ºC/W and density 8055 

kg/m3) 

2. Rockwool (thickness 0.1 m, thermal conductivity 0.04 W/m∙ºC, 

thermal resistance 2.5 m2∙ºC/W and density 150 kg/m3) 

3. Air space (thickness 0.05 m, thermal conductivity 0.03 

W/m∙ºC, thermal resistance 1.67 m2∙ºC/W and density 1.16 

kg/m3) 

4. Rockwool-gypsum board (thickness 0.065 m, thermal 

conductivity 0.04 W/m∙ºC, thermal resistance 1.63 m2∙ºC/W 

and density 40 kg/m3) 

Overall R-value: 6.01 [m2∙K/W] 

U-value: 0.38 [W/m2∙K] 

Ceiling The ceiling is structured as: 

1. Rockwool- gypsum board (thickness 0.065 m, thermal 

conductivity 0.04 W/m∙ºC, thermal resistance 1.63 m2∙ºC/W 

and density 40 kg/m3) 

2. Air space (thickness 0.05 m, thermal conductivity 0.03 

W/m∙ºC, thermal resistance 1.67 m2∙ºC/W and density 1.16 

kg/m3) 

3. Heavyweight concrete (thickness 0.2 m, thermal conductivity 

2.3 W/m∙ºC, thermal resistance 0.09 m2∙ºC/W and density 

1375 kg/m3) 

Overall R-value: 3.59 [m2∙K/W] 

U-value: 0.28 [W/m2∙K] 

Exterior Wall The exterior wall is structured as (from outside to inside): 

1. Plaster (thickness 0.01 m, thermal conductivity 1.3 W/m∙ºC, 

thermal resistance 0.01 m2∙ºC/W and density 2000 kg/m3) 

2. Polyethylene (thickness 0.08 m, thermal conductivity 0.04 

W/m∙ºC, thermal resistance 2 m2∙ºC/W and density 40 kg/m3) 
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3. Heavyweight Concrete (thickness 0.13 m, thermal conductivity 

2.3 W/m∙ºC, thermal resistance 0.27 m2∙ºC/W and density 

2300 kg/m3) 

Overall R-value: 2.45 [m2∙K/W] 

U-value: 0.41 [W/m2∙K] 

Interior Wall The interior wall is structured as: 

1. Gypsum board (thickness 0.025 m, thermal conductivity 0.25 

W/m∙ºC, thermal resistance 0.56 m2∙ºC/W and density 500 

kg/m3) 

2. Air space (thickness 0.05 m, thermal conductivity 0.03 

W/m∙ºC, thermal resistance 1.67 m2∙ºC/W and density 750 

kg/m3) 

3. Rockwool (thickness 0.07 m, thermal conductivity  W/m∙ºC, 

thermal resistance 0.18 m2∙ºC/W and density  kg/m3) 

4. Gypsum board (thickness 0.025 m, thermal conductivity 0.04 

W/m∙ºC, thermal resistance 0.63 m2∙ºC/W and density 35 

kg/m3) 

Overall R-value: 3.3 [m2∙K/W] 

U-value: 0.30 [W/m2∙K] 

Floor The floor is structured as (from outside to inside): 

1. Soil (thickness 1.7 m, thermal conductivity 1.14 W/m∙ºC, 

thermal resistance 1.49 m2∙ºC/W and density 1000 kg/m3) 

2. Riprap (thickness 0.25 m, thermal conductivity 1.2 W/m∙ºC, 

thermal resistance 0.21 m2∙ºC/W and density 1000 kg/m3) 

3. Heavyweight concrete (thickness 0.2 m, thermal conductivity 

2.3 W/m∙ºC, thermal resistance 0.18 m2∙ºC/W and density 

2240 kg/m3) 

Overall R-value: 1.88 [m2∙K/W] 

U-value: 0.41 [W/m2∙K] 

Windows Low-emissivit  double glazed windows (λ=0.9 W/m∙K; τ=0.  ) 

Window-to-wall ratio (WWR) 18% 

U-value: 3.5 [W/m2∙K] 

Visual transmittance 0.75 

ENERGY EFFICIENT BUILDING SYSTEMS 

Low-energy cooling systems None 

Low-energy heating systems The winter operation mode allows for a low-energy heating strategy 

with the fresh outdoor air being pre-heated by passive convectors fed 

by a heat pump which has a maximum heating power output of 38.6kW 

and a COP of 3.5 (see Figure 26 above, in winter operation mode). 

Ceiling fans None 

Mechanical ventilation / air 

renewal 

The air renewal strategies are: 

• Natural ventilation: 

1. Displacement ventilation; 

2. Single sided ventilation. 
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The ventilation solution consists in a high-level openable window plus 

low-level grilles installed on the façade of each classroom that control 

the inflow air. The air will be exhausted in the back of the room, through 

one or two thermal chimneys. 

Due to limited financial resources for initial and running costs, the 

implemented natural ventilation strategies are manually operated, and 

their usage relies on the occupant perception of the internal 

environment 

Domestic Hot Water Solar thermal system 

The building is served by: 

• The heat pump over-mentioned for heating system; 

• Solar thermal system. 

The solar thermal system is composed by 6 solar panels and a 500 

litres water deposit. 

The heat pump is used as an auxiliary system whenever the solar 

thermal panels cannot supply the necessary amount of energy. 

Artificial lighting The whole building is equipped with high-efficiency LED lighting. 

Control and energy management None 

RENEWABLE ENERGY 

PV None 

Solar thermal The solar thermal system consists of seven flat collectors installed on 

the roof with a total area of 10m2. 

Wind None 

Geothermal None 

Biomass None 

 

BUILDING ANALYSIS AND KEY PERFORMANCE INDICATORS 

Thermal comfort 

indicators 

1. Percentage of time outside an operative temperature range (Adaptive, II category 

EN16798-1, cooling season): 5.9% 

2. Percentage of time outside an operative temperature range (Fanger, II category 

EN16798-1, heating season): 1.07% 

3. Degree-hours (Adaptive, II category EN16798-1, cooling season): 505 

4. Degree-hours (Fanger, II category EN16798-1, heating season): 93 

5. Percentage of time inside the Givoni comfort zone of 1m/s 

6. Percentage of time inside the Givoni comfort zone of 0m/s 

7. Number of hours within a certain temperature range  

Heating Season (1st-10 to 31th-03)  Cooling Season (1st-10 to 31th-03) 

Range Nº of Hours Frequency  Range Nº of Hours Frequency 

T≤20 253 17.1%  T≤2  0 0.00% 

19≤T≤24 1223 82.9%  2 ≤T≤26 1050 90.21% 

T≥24 0 0.0%  T≥26 114 9.79% 
 

Energy 

performance 

indicators 

1. Energy needs for heating: 0.75 [kWh/m2/year]  

2. Energy needs for cooling: 6.88 [kWh/m2/year]  

3. Energy use for lighting: 0.77 [kWh/m2/year]  
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4. Energy needs for Sanitary Hot water: 7.49 [kWh/m2/year]  

5. Total Primary energy use: [kWh/m2/year]  

6. Renewable Primary energy generated on-site: 9.36 [kWh/m2/year]  

7. Renewable Primary energy generated on-site and self-consumed: 7.49 

[kWh/m2/year]  

8. Renewable Primary energy exported to the grid: 0 [kWh/m2/year]  

9. Ratio of renewable primary energy over the total primary energy use (with and 

without compensation) (%) 

10. Delivered energy: [kWh/m2/year] (from electricity bills)  

Acoustic comfort 

indicators 

1. Airborne sound insulation  

2. Equivalent continuous sound Level 

3. HVAC noise level 

4. Reverberation time 

5. Masking/barriers 

Visual comfort 

indicators 

1. Light level (illuminance): 500 [lux] 

2. Useful Daylight Illuminance (UDI) 

3. Glare control  

4. Quality view 

5. Zoning control 

Indoor Air Quality 

indicators 

1. Organic compound 

2. VOCs  

3. Inorganic gases 

4. Particulates (filtration) 

5. Minimum outdoor air provision 

6. Moisture (humidity, leaks) 

7. Hazard material 

Users’ feedback - 

 

LESSONS LEARNED AND RECOMMENDATIONS 

Lessons learned 

The stack driven natural ventilation (NV) system is very effective and 

self-regulating. This system can meet the airflow rate goals during the 

spring and winter periods. 

If possible, this sort of NV system should have easily accessible manual 

control. 

Recommendations 

User training is essential and may need to be periodic (every 3 to 

4years). In this school, the current users were convinced that the 

chimneys were poorly designed skylights. 
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BUILDING STRENGTHS AND WEAKNESSES 

Strengths 

   

Passive Design Energy Efficiency Renewable Energy 

 Weaknesses  

The main problem of this NV system occurs during the hottest days of summer, when it is necessary to 

promote the interior air renewal (to maintain acceptable CO2 concentration, below the limit of 1625ppm 

for hybrid/passive buildings) but the outdoor air is much warmer than indoor air, which makes the use of 

natural ventilation prohibitive. In these cases, the users will determine what comfort parameter is more 

relevant to his comfort and to define if the openings should be maintained closed or be open. 

 

REFERENCES 

PD: Psychrometric Chart n.d. https://drajmarsh.bitbucket.io/psychro-chart2d.html(accessed May 

7, 2021). 

 

Milne (UCLA) M. Climate Consultant 6.0. n.d. http://www.energy-design-

tools.aud.ucla.edu/climate-consultant/request-climate-consultant.php. 

 
Persily, Evaluating building IAQ and ventilation with indoor carbon dioxide, ASHRAE Transactions 103 

(1997) 1–12. 

EnergyPlus (2013). Energy Plus Documentation: Getting Started with EnergyPlus, EnergyPlus 

Engineering Reference, Input and Output Reference. 

R. Wallider, D. Norback, G. Wieslander, G. Smedje, C. Erwall, Nasal mucosal swelling in relation to 

low air exchange rate in schools, Indoor Air 7 (1997) 198–205. 

RECS, Regulamento de Desempenho Energético dos Edificios de Comércio e Serviços, Decreto-Lei 

nº 118/2013 de 20 de Agosto. Diário da República nº159 - Ministério da Economia e do Emprego, Lisboa, 

2013. 

Nuno M. Mateus, Guilherme Carrilho da Graça, A validated three-node model for displacement 

ventilation, Building and Environment, Volume 84, January 2015, Pages 50-59, ISSN 0360-1323, 

http://dx.doi.org/10.1016/j.buildenv.2014.10.029. 

Nuno M. Mateus, Gonçalo Nunes Simões, Cristiano Lúcio, Guilherme Carrilho da Graça, Comparison 

of measured and simulated performance of natural displacement ventilation systems for classrooms, 

Energy and Buildings, Volume 133, 1 December 2016, Pages 185-196, ISSN 0378-7788, 

http://dx.doi.org/10.1016/j.enbuild.2016.09.057. 

Nuno M. Mateus, Armando Pinto, Guilherme Carrilho da Graça, Validation of EnergyPlus thermal 

simulation of a double skin naturally and mechanically ventilated test cell, Energy and Buildings, Volume 

75, June 2014, Pages 511-522, ISSN 0378-7788, http://dx.doi.org/10.1016/j.enbuild.2014.02.043. 

  

 

 
 

  

http://www.energy-design-tools.aud.ucla.edu/climate-consultant/request-climate-consultant.php
http://www.energy-design-tools.aud.ucla.edu/climate-consultant/request-climate-consultant.php
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CASE STUDY 03: IZUBA ENERGIES BUILDING | FRANCE 

       

GEOGRAPHICAL AND CLIMATE INFORMATION 

Location  34690 Fabrègues, France  

Latitude; Longitude 43.56050216309316, 3.7915132981980086 

Climate zone (Köppen–Geiger classification) Csa: Warm temperate climate with dry and hot 

summer 

BUILDING INFORMATION 

Building Type Offices 

Project Type New construction 

Completion Date 2015 

Number of buildings 1 

Number of storeys 2 

Total Floor Area (m² ) - 

Net Floor Area (m² ) 424 

Thermally conditioned space area (m² ) 424 

Spaces with Natural Ventilation (with or without 

Ceiling Fans) Only (m²) 

0 

Total cost (€) 934 000  

Cost /m² (€/m²) 2 061,8  

Performance Standards or Certification None 

Awards None 

STAKEHOLDERS 

Building Owner/ Representative 
Izuba Energies / Eduardo Serodio - 

eduardo.serodio@izuba.fr - 0467186221 

Architect  

RIGASSI et Associés Architectes / Vincent 

RIGASSI 

vincent.rigassi@ra2.fr - 0476471172 - 

Construction manager RIGASSI et Associés Architectes 
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Environmental consultancy  Izuba Energies 

Structural Engineer, Civil Engineer Gaujard Technologie Scop (Wood structures) 

Soraetec (Concrete) 

Energy Engineer IZUBA énergies 

Fluid Systems Engineer Agence Des Fluides Cognin 

Product Manufacturer  Jolie Terre entreprise (Earth plasters) 

Sud Est Charpente (Timber frame insulation 

straw)  

Certification company - 

PROJECT DESCRIPTION [1] [2] 

 

Figure 27 : Exterior view of the Izuba building 

Izuba Energies Building is an office building located 

in France, more precisely near Montpellier, on the 

Fabrègues Ecoparc. The building construction is 

based on a bioclimatic architectural conception, 

using local bio-based materials so as to reduce 

environmental impacts. The building was built in 

order to adapt to the local Mediterranean climate, 

ensuring a comfortable working environment in 

summer and in winter, in terms of thermal and visual 

comfort. This building reflects what IZUBA Energies 

has supported since its creation in 2001, i.e a 

"negawatt" energy approach with its 3 components 

(sufficiency, efficiency and renewable energies). 

This includes: hygrothermal comfort, low impact 

components, user behaviour, waste management, 

indoor air quality, and so on. 

 

 

Figure 28: Floor plan of the first floor 

 
Figure 29: Floor plan of the second floor 
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SITE INTEGRATION 

 

Figure 30 : Aerial view of the building in its 
surrounding environment 

The building is located in the Eco-Parc Fabrègues, 

between a residential area and a rural area. A direct 

connection of the area from the centre of Montpellier 

will be possible through a future extension of the 

tramway line.  

CLIMATE ANALYSIS  

 

Figure 31: Givoni Bioclimatic chart for the climate of Montpellier using Andrew Marsh online tool. Climate data 
are extracted from https://energyplus.net/weather-region/europe_wmo_region_6/FRA%20%20 [3]. 

 

 

Figure 32: Temperature range by month for Montpellier - 

Adaptative Comfort model [4] 

 

 

 

 

 

 

 

 

 

Figure 33: Wind rose for Montpellier [4] 

 

https://energyplus.net/weather-region/europe_wmo_region_6/FRA
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Global horizontal radiation (Avg daily total) Min 

(month) / Max (month) 

Min: 1 413 Wh/m² (Dec) 

Max: 6 746 Wh/m² (Jul) 

Mean: 4 004,17 Wh/m² 

Annual Degree-Days for weather classification 

according to ASHRAE Standard 169-2020  

HDD 18°C: 1 769 

CDD 10°C: 2 181 

Annual Degree-Days for the Adaptive Comfort 

Base Temperature according to the ASHRAE 55-

2017 for 80% of acceptability 

HDD: 1 884 

CDD: 20 

Annual Degree-Days for a static comfort 

temperature approach 

HDD 18.6ºC: 1 918 

CDD 26º: 65 

KEY BIOCLIMATIC DESIGN PRINCIPLES [1] [2] 

Passive cooling strategy  Nocturnal convective cooling (see Figure 34) 

Thermal inertia (wood frame+ interior partitions of 

earth-straw and mud brick) 

Passive heating strategy High level of insulation of the walls and the roof  

Simple shape and good compactness of the building, 

limiting heat losses on surfaces. 

The main façade is south oriented so as to optimize 

solar gain in offices in the winter period. 

Solar protection Built-in fixed protection: 

- The building is completely surrounded by 

open-cut wood siding. 

- Motor drive external venetian blinds (see 

Figure 36). 

The building is equipped with fixed and mobile solar 

protection blocking direct sunlight while allowing solar 

gain in winter. 

Building orientation  Main orientation south to take advantage of solar 
gain. 

Insulation  The walls are composed of timber frame insulated 

with straw which provides a very high level of 

insulation. 

The high insulation levels, combined with perfect air 

tightness and strong solar inputs, reduce heating 

requirements. 

Vegetation Mediterranean plants, adapted to conserve water and 

survive summer drought, have been planted around 

the building. The different species have been chosen 

according to the solar exposition, i.e., linden trees for 

the shading of the parking areas, jasmine for the 

North and South façades. Also, a small common herb 

garden is provided. 

Natural daylighting The large openings on the main façades, as well as 

the fixed and mobile solar protection as been 

designed so as to allow natural daylighting in the 

building (see  

Figure 35 ). 
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Use of local and embedded materials The earth used in the construction was extracted from 

a quarry near Uzes, composed of sand, clay and plant 

fibres (mostly straw). 

Water saving and heat recovery on hot water drain Flow controller fitted onto water tap in the bathroom 

to reduce water consumption. 

Hand wash basin with knee operation and with 

automatic shut-off. 

Waste management Sorting of recyclable waste and compost bin for 

kitchen waste. 

Others features Eco-design material: To limit the environmental 

impact of the manufacture of building materials and 

processing end of life, the design has largely favoured 

bio-sourced materials, minimally processed and 

recyclable: 

- Wooden frame insulated straw bale 

- earth plasters, clay walls and straw wall in mud brick 

- wood for exterior and interior joinery and furniture 

- anhydrite screed sanded and oiled finished floor 

The building includes a 19-seat parking lot, with 

shading structures designed to limit the use of air 

conditioning.  

There are also electric vehicle charging stations and 

local bicycle coverage. 

 

 

 
Figure 34: Nocturnal convective cooling principle 

 
Figure 35 : Shading and natural daylighting principle 

  

Figure 36: Motor drive external venetian blind. Type: 
Grinotex from Griesser. 

  
Figure 37: Tilt and turn windows 
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INFRASTRUCTURES and REGULATIONS to enable SUFFICIENCY ACTION 

Dressing code Informal dressing, adapted to the season, is welcome 

and promoted (e.g. short trousers and short leaves in 

hot periods): Yes  

Protected bike parking and showers Yes. 3 bike racks and 2 showers for 16 employees 

Ratio with number of users: 0.125 

Ceiling fans In every room, even those conditioned: Yes 

Only in the offices, the kitchen and the meeting room. 

No ceiling fans in the large training room. 

Lighting system fractioned to allow using light 

only in zones occupied and where daylighting 

insufficient 

In every room, even those conditioned: Yes 

Space and facilities for line drying clothes 

(especially important in residences, hotels, sport 

facilities…) 

In every room, even those conditioned: No 

Book of instruction for correct use of the passive 

features (windows, solar protections, water 

savings) and active (lighting…) in order to 

promote sufficiency and efficiency actions 

Available through leaflets and posters at relevant 

places, online, etc.: No  

The users work in the energy efficiency area and are 

aware of how to correctly use the building but this point 

could be improved. 

BUILDING FABRIC AND MATERIALS [1] [2] 

Roof The roof is structured as illustrated in Figure 43 (from 

outside to inside): 

▪ thermoplastic polyolefin membrane  

▪ OSB wood panel (1.8 cm) 

▪ Straw bale (34cm) 

▪ Vapour barrier 

▪ Wooden batten (3 cm) 

▪ Acoustical false ceiling in wood fiber 

U-value= 0.15 [W / m²K] 

Overall R-value: 6.67 [m2K/W] 

Windows Type of materials: Wooden-framed double-glazed 

windows 4/16/4 with argon, low-E 

Window-to-wall ratio (WWR): - 

U-value: 1.5 [W / m²K] 

Visual transmittance: - 

Walls The Exterior Walls are structured as illustrated in 

Figure 41 (from outside to inside): 

▪ Raw earth outside coating 

▪ Wooden box with thick straw bales (0.37m) 

▪ OSB panel (0.018 m) 

▪ Raw earth coating 

U-value= 0.17 [W / m²K] 
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Overall R-value: 5.88 [m2K/W] 

The Interior Walls are structured as illustrated in 

Figure 42 (from outside to inside):: 

▪ Gypsum board (0.013m) 

▪ Timber frame 45/120mm with 0.12m of wood 

wool 

▪ OSB panel (0.012m) 

▪ Gypsum board (0.013m) 

 

 

 

Figure 38: Wood timber structure 

 

Figure 39 Bunches of straw and wood fiber 
insulation in exterior walls 

 

Figure 40 
Mudbrick wall 

 

 
Figure 41: Exterior wall section 

 

 

Figure 42: Interior wall section 

 

Figure 43:  Roof section details 
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ENERGY EFFICIENT BUILDING SYSTEMS [1] [2] 

Low-energy cooling systems Comfort ventilation & Nocturnal convective cooling 

Geothermal heat pump 

Floor cooling  

Fan coil 

Low-energy heating systems Geothermal heat pump;  

Low temperature floor heating 

Fan coil 

Ceiling fans 1 in each office and 1 in the meeting room. 

Ceiling fans with 3 blades and with integrated LED lighting and 

remote control from Shakespear brand. 

Mechanical ventilation / air renewal Dual flow ventilation system: Swegon Gold RX TOP Maximum 

flow= 1200 m3/h 

Efficiency of the wheel exchanger= 81% 

Air tightness of the duct system= Class C 

Domestic Hot Water Solar Thermal 

ECS electro-solar water heater of 200 litres 

1 solar thermal collector of 2 m² 

Artificial lighting Offices, training rooms and meeting rooms: T5 light bulbs- 

6 to 14 W / m²c- equipped with presence sensors and daylight 

linked dimming systems. 

Circulation areas and sanitary facility: LED – 3 to 8 W/m² - 

equipped with presence sensors 

Storage, server room: compact fluorescent lamps - 13 W/m² 

Control and energy management Building Management System: Trend 963 Supervisor 

Measurement of the energy consumption and the energy 

production with a 10 minutes timestep. 

Visualization and control of the heating, cooling and ventilation 

systems. 

Different energy savings features have been implemented 

such as presence sensors and daylight linked dimming 

systems, as well as multi-socket adaptors with a power switch.  

 

 

Figure 44: The building is 
equipped with an under-floor 

heating/cooling system powered 
by a ground source heat pump  

Figure 45 : Double flow 

mechanical ventilation system 

 

Figure 46 : Air distribution system 

of the building 
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Figure 47 : Lighting of the training room with presence 
sensors and daylight linked dimming systems 

 

Figure 48 : Multi-socket adaptors with a power switch 

 

RENEWABLE ENERGY [1] [2] 

PV 88 PV modules from the Sunpower brand - E20-327-

COM 

Total Power= 28.8 kWp  

Solar Cell Efficiency= 20.4% 

Solar thermal ECS electro-solar water heater of 200 litres 

1 solar thermal collector of 2 m² 

Wind None 

Geothermal Heat Pump on geothermal probes  

Heat pump Weishaupt WWP S 10 IBER 

- Heat: 9.5 kW, COP 4.2 

- Cold: 14.6 kW, EER 9.1 

Biomass None 

 

 

Figure 49: View of the PV panels installed on the 
rooftop of the building 

 

Figure 50: Solar inverter and sensors of the PV 
system 

 

BUILDING ANALYSIS AND KEY PERFORMANCE INDICATORS 

Thermal 

comfort 

indicators 

 

1. Percentage of time outside an operative temperature range (Adaptive) 

2. Percentage of time outside an operative temperature range (Fanger) 

3. Degree-hours (Adaptive) 

4. Degree-hours (Fanger) 

5. Percentage of time inside the Givoni comfort zone of 1m/s 

6. Percentage of time inside the Givoni comfort zone of 0m/s 

7. Number of hours within a certain temperature range  

1. Energy needs for heating (kWh/y/m2) = 5.1 
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Energy 

performance 

indicators 

 

2. Energy needs for cooling (kWh/y/m2)= 2.0 

3. Energy use for lighting (kWh/y/m2)= 7.1 

4. Energy needs for Sanitary Hot water (kWh/y/m2)= 1.3 

5. Total Primary energy use (kWh/y/m2)=  

6. Renewable Primary energy generated on-site (kWh/y/m2) =  

7. Renewable Primary energy generated on-site and self-consumed (kWh/y/m2)=  

8. Renewable Primary energy exported to the grid (kWh/y/m2)=  

9. Ratio of renewable primary energy over the total primary energy use (with and 

without compensation) (%) 

10. Delivered energy (kWh/y/m2) (from electricity bills)  

Acoustic 

comfort 

indicators  

 

1. Airborne sound insulation  

2. Equivalent continuous sound Level 

3. HVAC noise level 

4. Reverberation time 

5. Masking/barriers 

Visual comfort 

indicators  

 

1. Light level (illuminance)  

2. Useful Daylight Illuminance (UDI) 

3. Glare control  

4. Quality view  

5. Zoning control  

Indoor Air 

Quality 

indicators 

 

1. Organic compound 

2. VOCs  

3. Inorganic gases 

4. Particulates (filtration) 

5. Minimum outdoor air provision 

6. Moisture (humidity, leaks)  

7. Hazard material  

Users’ 

feedback 

The occupant satisfaction is generally very positive. Thermal comfort is sometimes 

difficult to adjust due to the individual sensitivity of the occupants. 

 

LESSONS LEARNED AND RECOMMENDATIONS 

Lessons learned - 

Recommendations - 

 

BUILDING STRENGTHS AND WEAKNESSES 

Strengths 

    

Passive Design Energy Efficiency Renewable Energy 
Local Materials 
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Weaknesses 

- 

REFERENCES 

[1] https://batiment.izuba.fr/ 

[2] https://www.construction21.org/case-studies/fr/izuba-energies-building.html 

[3] PD: Psychrometric Chart n.d. https://drajmarsh.bitbucket.io/psychro-chart2d.html(accessed May 7, 

2021). 

[4] Milne (UCLA) M. Climate Consultant 6.0. n.d. http://www.energy-design-tools.aud.ucla.edu/climate-

consultant/request-climate-consultant.php. 
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ANNEX B: CASE STUDIES IN LA REUNION 

Case study 04 : Niama, La Reunion  

Case study 05 : ENERPOS, La Reunion 

Case study 06 : Moufia Lecture Theater, La Reunion 
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CASE STUDY 04: NIAMA | LA REUNION 

  

GEOGRAPHICAL AND CLIMATE INFORMATION 

Location  Ravine Blanche, Saint-Pierre, La Réunion, France 

Latitude; Longitude -21.337417747378176, 55.46382756587495 

Climate zone (Köppen–Geiger classification) Aw: Equatorial savannah with dry winter 

BUILDING INFORMATION 

Building Type RESIDENTIAL - Collective Social Housing 

Project Type New construction 

Completion Date End of year 2014 

Number of buildings 1 

Number of storeys 4 

Total Floor Area (m² ) - 

Net Floor Area (m² ) 1695 

Thermally conditioned space area (m² ) 0 

Spaces with Natural Ventilation (with or without 
Ceiling Fans) Only (m²) 

1363 (all apartments are naturally ventilated) 

Total cost (€) 3 219 000 (all taxes included) 

Cost /m² (€/m²) 1 899 

Performance Standards or Certification RTAADOM (Thermal, Acoustic and Ventilation 
Regulation in the overseas department) 

Awards None 

STAKEHOLDERS 

Building Owner/ Representative SIDR (Social landlord) 

Architect / Designer Co-Architectes - peyrebonne@co-architectes.com 

Construction manager BTB 

Environmental consultancy  - 

Structural Engineer, Civil Engineer Integrale Ingénierie 

Product Manufacturer  - 

Certification company - 

mailto:peyrebonne@co-architectes.com
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PROJECT DESCRIPTION [1] [2] [3] 

 

Figure 51: Northern Facade of the ‘N    ’ social 
housing building. Photo credits: N. Peyrebonne. 

Located in the eco-neighbourhood of ‘ avine Blanche’, in 

Saint-Pierre, La  éunion, ‘ iama’ is a new social housing 

operation that was completed in the end of the year 2014. 

Niama is compliant with the Thermal, Acoustic and 

Ventilation French Regulation for the overseas territories 

(in French: Réglementation Thermique, Acoustique et 

Aération or RTAA DOM). The RTAADOM is applied to 

the design of new residential buildings only and requires 

mandatory rules concerning thermal, acoustic and 

ventilation performances. The four-storey building 

includes a total of 19 units. The building includes passive 

features such as cross natural ventilation and solar 

shading devices so as to enhance thermal comfort while 

reducing energy consumption. 

 

Figure 52: M       l    f ‘N    ‘.     g : C -architectes. 

 

 

Figure 53: Floor plan of the first floor of the Niama building [1]. Design: Co-architectes. 
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SITE INTEGRATION 

 

Niama is closed to a new urban park, both part of an urban 

renewal program that aims at restructuring the 

neighbourhood and connecting it to the city center. The 

new park, which was part of the process of urban tissue 

restructuring of the neighborhood, is a green lung for the 

city of Saint-Pierre.  Niama has been harmoniously 

integrated between the vegetalised area of the new park 

and the mineral area of the existing buildings. The building 

is surrounded by native plants and trees. The East facade 

of the building is more mineral with light-coloured painted 

walls and metal cladding whereas on the urban park side, 

it is the wood materials that prevail.  

 

CLIMATE ANALYSIS 

 

Figure 54: Givoni Bioclimatic chart for the climate of Saint-Pierre using Andrew Marsh tool. [4] 

 

 

Figure 55: Temperature range by month for Saint-Pierre. 

Source: Climate consultant - Adaptative Comfort model [5] 

 

Figure 56:Wind rose for Saint-Pierre [5] 

Global horizontal radiation (Avg daily total) Min (month) / 

Max (month) 

Min: 3 933 Wh/m² (Jun) 

Max: 7 580 Wh/m² (Dec) 

Mean: 5 750,25 Wh/m² 
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Annual Degree-Days for weather classification according 

to ASHRAE Standard 169-2020  

HDD 18°C: 9 

CDD 10°C: 4977 

Annual Degree-Days for the Adaptive Comfort Base 

Temperature according to the ASHRAE 55-2017 for 80% 

of acceptability 

HDD: 158 

CDD: 8 

Annual Degree-Days for a static comfort temperature 

approach 

HDD 18.6ºC: 20 

CDD 26º: 171 

 

KEY BIOCLIMATIC DESIGN PRINCIPLES [1] [2] [3] 

Passive cooling strategy  Comfort ventilation 

The building is naturally cross ventilated thanks to its optimal orientation 

and the use of glass louvers located on opposite facades, with a high 

porosity. 

Passive heating strategy None 

Solar protection Main facades and windows are solar protected thanks to fixed vertical or 

horizontal solar protection depending on the orientation. The exterior 

facades of the lowest storey are made in light painted concrete. The two 

last storeys of the building, which are more solar exposed, are covered in 

wood or clear sheet metal siding facade. Solar absorptivity is low and 

prevents overheating of exposed parts. Exterior verandas also aim at 

preventing the sun from entering the building. 

Building orientation  The North/South orientation of the apartments allows to optimize sun 

protection and to maximize the effect of thermal breezes. 

Insulation  The roof is composed of an insulated sheet metal complex "Mauka Brizz" 

(from ArcelorMittal) and 13mm of plasterboard. 

Concerning the exterior walls, each floor is composed of different materials 

according to the facade orientation and the sun exposure. The walls on 

the first floor are composed of 2cm of expanded polystyrene and an air 

gap of 0,5 cm. On the last floor, the walls are insulated thanks to 2cm of 

wood, 3cm of expanded polystyrene and an air gap of 10cm. 

Vegetation The building is surrounded by native plants and benefits from its proximity 

to the urban park. 

Natural daylighting Large windows allow to benefit from natural lighting. 

Use of local and embedded 

materials 

None 

Water saving and heat recovery 

on hot water drain 

- 

Waste management - 

Others features The building is surrounded by native plants and benefits from its proximity 

to the new urban park, to public transport and bicycle path. 

The building includes an underground car park so as to maximise the 

vegetation and common areas around the building while reducing the heat 

island effect due to asphalt pavement. 
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The passive solutions are described below:  

1:       Fixed vertical solar shading, louvered shutter 

on the East side so as to protect from the morning 

sunlight and the trade winds; Pergola on the West 

side.  

2:     Solar protection measures on the main 

facades include simple roof overhang, fixed 

horizontal solar shading and sun and rain 

protected exterior veranda.  

3:       Inside porosity is maximized by the use of 

louvers on opposite facades, allowing cross natural   

ventilation. 

 

 

 

Figure 58: ( ) S   h F ç        ( ) N   h F ç     f ‘N    ’, S    -Pierre, Reunion Island [1]. Design: Co-
architectes. Photo credits: N. Peyrebonne. 

  

 

Figure 59: Solar protection strategies [3]. Photo credits: N. Peyrebonne. 
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Figure 57: Bioclimatic strategies set up [1].                
Design :Co-architectes 

(a) 

(b) 
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INFRASTRUCTURES and REGULATIONS to enable SUFFICIENCY ACTION 

Dressing code Informal dressing, adapted to the season, is welcome and promoted (e.g. 

short trousers and short leaves in hot periods): Yes 

Protected bike parking and 

showers 

Yes 

The building includes a bike parking of 17,30m2 on the first underground 

level 

Ratio with number of users: - 

Ceiling fans In every room, even those conditioned: No 

Ceiling fans have only been installed in the bedrooms but not in the living 

rooms. 

Lighting system fractioned to 

allow using light only in zones 

occupied and where daylighting 

insufficient 

In every room, even those conditioned: No 

The building is equipped with timer switch for the lighting control in the 

common areas (corridor, car park, exterior) 

 

Space and facilities for line 

drying clothes (especially 

important in residences, hotels, 

sport facilities…) 

In every room, even those conditioned: Yes 

The exterior verandas with the vertical wood strips provide an optimal 

space for drying clothes. 

Book of instruction for correct 

use of the passive features 

(windows, solar protections, 

water savings) and active 

(lighting…) in order to promote 

sufficiency and efficiency actions 

Available through leaflets and posters at relevant places, online, etc:  

Unknow 

BUILDING FABRIC AND MATERIALS 

Roof Type: Gable roof  

Materials: Insulated sheet metal complex Mauka Brizz (ArcelorMittal) + 

13mm of plasterboard 

Overall R-value: 1,8 m²K/W  

Windows Different types of windows: Aluminium French style opening windows, 

aluminium jalousie window and aluminium sliding door  

Window-to-wall ratio (WWR) : Superior to 20% on the main facades 

U-value: -  

Visual transmittance: - 

Walls Exterior Walls are composed from the outside to the inside:  

First floor (NSE orientation): 0,18m of concrete+ 0,02m of expanded 

polystyrene+ air gap of 0,005 m+0,013 m of plasterboard 

Overall R-value: 0,73 m².K/W 

Last floor (NSEO orientation): 2cm of wood+3cm of expanded 

polystyrene+ air gap of 10cm+1,3 cm of plasterboard 

Overall R-value: 1,06 m².K/W 

Other floors: Insulated sheet metal complex Mauka Brizz (from 

ArcelorMittal) + 0,025m air gap + 18cm of concrete 

Overall R-value: 0,46 m².K/W 
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Figure 60: Mauka Brizz composition for hot climates 
(aluminium cover, insulating foam and metallised 

reflecting sheet). Design: @Arcelor Mittal 

 

Figure 61: Exterior wall made with the Mauka Brizz 

system. Photo credits: N. Peyrebonne. 

ENERGY EFFICIENT BUILDING SYSTEMS [3] 

Low-energy cooling systems None  

The installation of ceiling fans and the design of the building so as to 

enhance cross natural ventilation and reduce direct solar heat gain allow 

to avoid the use of mechanical cooling systems. 

Low-energy heating systems None 

Ceiling fans All apartments are equipped with highly efficient ceiling fans, installed in 

the bedrooms:  

Type: Hunter Industry 2 BN - 1CF/10m2. 

Size diameter (cm): 132 

Power: 16 to 70W 

3 speeds with wall control 

Mechanical ventilation / air 

renewal 

None 

Domestic Hot Water Domestic hot water for all the units of the building is produced thanks to 

40 m² of solar thermal collectors. Individual water tanks are installed in 

each apartment. 

Artificial lighting Exterior and car park: PALERMO T5 - 2*49W  

Hallway and stairway: Downlight Jumbo Tridonic 2*42W 

Controls: timer switch 

Control and energy management The common areas are equipped with timer switch for the lighting control. 

 

 
 

 

Figure 62: Energy efficient systems installed in the building 
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RENEWABLE ENERGY [3] 

PV None 

Solar thermal Yes 

EZINC - Model E23HP-V 

Total area= 40m2 

Wind None 

Geothermal None 

Biomass None 

 

Figure 63 Solar thermal solar panels are installed on the rooftop of the building for the production of hot water 

 

BUILDING ANALYSIS AND KEY PERFORMANCE INDICATORS 

Thermal 

comfort 

indicators 

 

1. Percentage of time outside an operative temperature range (Adaptive) 

2. Percentage of time outside an operative temperature range (Fanger) 

3. Degree-hours (Adaptive) 

4. Degree-hours (Fanger) 

5. Percentage of time inside the Givoni comfort zone of 1m/s: >80% (see Figure 64 et 

64) 

6. Percentage of time inside the Givoni comfort zone of 0m/s: < 5% (see Figure 64 et 

64) 

7. Number of hours within a certain temperature range : Cooling season (1st-02 to 31th-

03) 

Bedroom-First floor Bedroom – third floor 

Range Nº of Hours Frequency Range Nº of Hours Frequency 

<26 55 3,93% <26 0 0,00% 

26≤T<2  660 47,14% 26≤T<2  620 44,29% 

2 ≤T< 0 605 43,21% 2 ≤T< 0 760 54,29% 

 0≤T< 2 80 5,71%  0≤T< 2 20 1,43% 

T≥ 2 0 0,00% T≥ 2 0 0,00% 

      
 

1. Energy needs for heating (kWh/y/m2) 

2. Energy needs for cooling (kWh/y/m2) 
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Energy 

performance 

indicators 

 

3. Energy use for lighting (kWh/y/m2) 

4. Energy needs for Sanitary Hot water (kWh/y/m2) 

5. Total Primary energy use (kWh/y/m2) 

6. Renewable Primary energy generated on-site (kWh/y/m2)= 0 

7. Renewable Primary energy generated on-site and self-consumed (kWh/y/m2) = 0 

8. Renewable Primary energy exported to the grid (kWh/y/m2)= 0 

9. Ratio of renewable primary energy over the total primary energy use (with and 

without compensation) (%)= 0 

10. Delivered energy (kWh/y/m2) (from electricity bills) = 30,5 

Acoustic 

comfort 

indicators  

 

1. Airborne sound insulation  

2. Equivalent continuous sound Level 

3. HVAC noise level 

4. Reverberation time 

5. Masking/barriers 

Visual comfort 

indicators  

 

1. Light level (illuminance) 

2. Useful Daylight Illuminance (UDI) 

3. Glare control  

4. Quality view 

5. Zoning control 

Indoor Air 

Quality 

indicators 

 

1. Organic compound 

2. VOCs  

3. Inorganic gases 

4. Particulates (filtration) 

5. Minimum outdoor air provision 

6. Moisture (humidity, leaks) 

7. Hazard material 

Users’ 

feedback 

- 
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Figure 64 : Givoni Diagram obtained for the first floor, 
showing that less than 1% of time is in the 0m/s zone and 

more than 85% of time in the 1m/s comfort zone in the 

cooling season (1st Feb. to 31st March 2018). 

Figure 65 : Givoni Diagram for the third floor, showing 

that less than 1% of time is in the 0m/s zone and 

more than 85% of time in the 1m/s comfort zone in 

the cooling season (1st Feb. to 31st March 2018). 

LESSONS LEARNED AND RECOMMENDATIONS 

Lessons learned - 

Recommendations - 

BUILDING STRENGTHS AND WEAKNESSES 

Strengths 

  

Passive Design Energy Efficiency 

 Weaknesses  

- 

REFERENCES 

[1] Grosdemouge Virginie, et François Garde. 2016. « Passive design in tropical climates: Key strategies 

implemented in a French certified sustainable neighbourhood ». In PLEA 2016 Cities, Buildings, People: 

Towards Regenerative Environments. 

[2] https://www.envirobat-reunion.com/fr/portail/357/observatoire/46884/fiche-envirobat-reunion-niama-saint-

pierre-co-architectes.html 

[3] https://www.construction21.org/france/case-studies/h/niama.html 

[4] PD: Psychrometric Chart n.d. https://drajmarsh.bitbucket.io/psychro-chart2d.html(accessed May 7, 

2021). 

[5] Milne (UCLA) M. Climate Consultant 6.0. n.d. http://www.energy-design-tools.aud.ucla.edu/climate-

consultant/request-climate-consultant.php. 

  

 

  

https://www.construction21.org/france/case-studies/h/niama.html
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CASE STUDY 05: ENERPOS | LA REUNION 

  

GEOGRAPHICAL AND CLIMATE INFORMATION 

Location  40 avenue de Soweto, Saint-Pierre, La Réunion, France 

Latitude; Longitude -21.34080841368781, 55.491067294562335 

Climate zone (Köppen–Geiger 

classification) 

Aw: Equatorial savannah with dry winter 

BUILDING INFORMATION [1] 

Building Type Educational - University 

Project Type New building 

Completion Date 2008 

Number of buildings 2 

Number of storeys 2 

Total Floor Area (m² ) 739 m2  

Thermally conditioned space area 

(m² area type) 

286 m2 

Spaces with Natural Ventilation (with 

or without Ceiling Fans) Only (m²) 

435 m2 

Total cost (€) 2 372 000  

Cost /m² (€/m²) 3 209.74  

Performance Standards or 

Certification 

PERENE 2004 (Local standard for efficient buildings in La 

Reunion) 

Awards Winner of the PREBAT ADEME award (local award) 

 

 

STAKEHOLDERS [1] 

Building Owner / Representative University of La Reunion 

Architect / Designer Thierry Faessel-Bohe 

Construction manager Leon Grosse 
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Environmental consultancy TRIBU Paris and IMAGEEN 

Structural Engineer, Civil Engineer RTI 

Mechanical, Electrical Engineer  INSET 

PROJECT DESCRIPTION [2] 

 

Figure 66 : Southern façade with solar shadings 

(overhang and wooden strips) [2] 

ENERPOS is a classroom and office building on the 

French island of La Reunion near Madagascar, which 

demonstrates that sustainable design saves significant 

energy while providing a comfortable environment. 

ENERPOS (French acronym for POSitive ENERgy) is the 

first net zero energy building (Net ZEB) on La Reunion 

and it is also one of only three NZEBs in a tropical 

climate. The two-story building splits into two parallel 

blocks separated by a green patio. The blocks are 

composed of an administration zone on the ground floor 

(seven offices and a meeting room), two computer rooms 

and five classrooms for a total net floor area of 681 m², 

as well as a car park under the building. The building has 

been designed with priority given to the passive design 

such as cross natural ventilation and solar shading [2].  

 

Figure 67 : Eastern façade [2] 

 

Figure 68 : Outdoor corridor and 
overhangs 

SITE INTEGRATION 

 

Figure 69 : Site integration of the building in the campus 

The building is surrounded by native plants to 

prevent the air from heating up before entering the 

building. The car park is located under the building 

to avoid the excess heat that occurs from having 

pavement around the building, and to increase the 

soil permeability to prevent flooding after heavy 

tropical storms. 
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CLIMATE ANALYSIS 

 

Figure 70: Givoni Bioclimatic chart for the climate of Saint-Pierre. [3] 

 

Figure 71: Temperature range by month for  
Saint-Pierre. Source: Climate consultant –  

Adaptative Comfort model [4] 

 

 

 

Figure 72 : Wind rose for Saint-Pierre [4] 

Global horizontal radiation (Avg daily total) Min 

(month) / Max (month) 

Min: 3 933 Wh/m² (Jun) 

Max: 7 580 Wh/m² (Dec) 

Mean: 5 750,25 Wh/m² 

Annual Degree-Days for weather classification 

according to ASHRAE Standard 169-2020  

HDD 18°C: 9 

CDD 10°C: 4 977 

Annual Degree-Days for the Adaptive Comfort Base 

Temperature according to the ASHRAE 55-2017 for 

80% of acceptability 

HDD: 158 

CDD: 8 

Annual Degree-Days for a static comfort temperature 

approach 

HDD 18.6ºC: 20 

CDD 26º: 171 
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KEY BIOCLIMATIC DESIGN PRINCIPLES [5] [6] [7] [8] 

Passive cooling strategy  Comfort ventilation / cross natural ventilation 

The building is naturally cross ventilated by using glass louvers, which have 

the advantage of allowing regulation of the airflow while also providing 

protection against cyclones and break-ins. In the administration zone, the 

central corridor around which the offices are located was cutting off the 

ventilation. The installation of indoor louvers enhances interior airflow.  

providing a porosity of 30%. 

Solar protection North and South Façades are solar protected with horizontal wooden strips, 

that have been simulated and optimized with Sketchup. Besides electricity 

production, the PV panels provide a ventilated double roof, which creates 

solar shading of the terrace roof of the building. 

Building orientation  The main façades are north and south oriented so as to use the thermal 

breezes during summer and to reduce the solar energy gained by the 

building on the western and eastern façades. 

Insulation  The walls of the East and West facades are insulated thanks to 2 cm of 

polystyrene and wooden cladding. The roof is insulated with 8 cm 

polystyrene + solar protected by a BIPV roof. North and South facades are 

not insulated but solar protected.  

Vegetation The building is surrounded by a 3 m (9.8 ft) band of native plants to prevent 

the air from heating up before entering the building. Native plants have low 

water needs and are adapted to cyclones. The planted patio in ENERPOS 

creates a microclimate around the building by decreasing the air 

temperature. It also brings conviviality in a crossing point of the building. 

Natural daylighting The solar protections of the facades have been optimized for daylighting. 

Useful Daylight Index of 90% in most spaces. No artificial lighting in two 

classrooms on the first level facing the sea. 

Use of local and low embedded 

energy materials 

No local materials have been used but chairs were made from recycled 

plastic. 

INFRASTRUCTURES and REGULATIONS to enable SUFFICIENCY ACTION 

Dressing code Informal dressing, adapted to the season, is welcome and promoted (e.g. 

short trousers and short leaves in hot periods) 

Protected bike parking and 

showers 

Yes (only 6). No showers :  

Ceiling fans In every room, even those conditioned:  

Lighting system fractioned to 

allow using light only in zones 

occupied and where daylighting 

insufficient 

In every room, even those conditioned:  

Space and facilities for line 

drying clothes (especially 

important in residences, hotels, 

sport facilities…) 

In every room, even those conditioned:  

Book of instruction for correct 

use of the passive features 

(windows, solar protections, 

water savings) and active 

No  
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(lighting…) in order to promote 

sufficiency and efficiency actions 

Water saving Low-flow toilets 

Waste management Not taken into consideration. Initial efforts focused on energy efficiency. 

 

 

Figure 73 : cross section of the passive solutions [5] 

BUILDING FABRIC AND MATERIALS [2] 

Roof Type: BIPV over-roof + 10 cm (3.9 in.) of polystyrene + 20 cm (7.9 in.) concrete 

Overall R-value: 3.4 

Windows Type: Glass louvers 

Window-to-wall ratio: 30%  

U-value: 1.4 

Visual transmittance: 0.4 

Walls Type:  

East and West: 18 cm (7.1 in.) concrete + 8 cm (3.1 in.) mineral wool or 18 cm (7.1 

in.) concrete + ventilated air gap + wooden siding 

North and South: 18 cm (7.1 in.) concrete + solar shading 

Overall R-value: 

East and West: 1.8 

North and South: 0.1 

ENERGY EFFICIENT BUILDING SYSTEMS [5] [6] [7] [8] 

Low-energy cooling 

systems 

A variable refrigerant flow (VRF) air conditioning system is installed to cool the offices 

and the computer rooms. Its cooling capacity is 25.3 kW (89 tons) and the energy 

efficiency ratio is 4.8 (provided by the manufacturer).  

Designers reduced the predicted cooling period for the computing rooms to six weeks 

by using natural ventilation and ceiling fans. However, monitoring found that air 

conditioning has only been used about one week per year (in the offices? In the 

computer room?). 

Ceiling fans Large ceiling fans are installed in all spaces, including those with air conditioning. 

The use of ceiling fans guarantees additional air speed during windless days and 

allows a transitional period before using active air-conditioning systems. Ceiling fans 

are used in conjunction with the natural ventilation strategy to create air movement 

on the skin of the occupants, increasing their comfort. A total of 55 ceiling fans with 
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a 132 cm (4.3 ft) blade diameter are installed in the offices and classrooms. The 

maximum power used for one ceiling fan is 70 W (239 Btu/h), which represents 7 

W/m² (255 Btu/ft²), with a ratio of one ceiling fan per 10 m² [108 ft²]). Ceiling fans are 

controlled individually (offices) or in groups of two or four (classrooms) from wall-

mounted switches and have three speed levels. 

Artificial lighting Low energy T-5 tubular fluorescent luminaires provide indirect ambiance lighting, 

while 9W LED desk lamps in the offices provide additional lighting as needed.  

The installed electric density for artificial lighting is lower than in a standard building 

(7 W/m² [255 Btu/ft²] in the classrooms and 3.7 W/m² [134 Btu/ft²] in the offices). 

Timers in the classrooms turn the lights off automatically after two hours. 

Control and energy 

management 

Energy management strategies are used to decrease the total consumption of the 

active systems. A building management system controls the air-conditioning system 

(operating period, setpoint temperature); the schedules of exterior lighting; and 

energy consumption by type of end uses (lighting, ventilation, plug loads, air 

conditioning, elevator). The Building Management System includes 15 energy and 

power meters; 15 temperature and humidity sensors and presence detectors (in all 

classrooms and offices). 

 

   

Figure 74 : a typical classroom with large 
louvers on both sides and efficient 
ceiling fans [2] 

Figure 75 : Indoor louvers to 
facilitate indoor natural cross 
ventilation 

Figure 76 :an efficient ceiling fan 

 

 

RENEWABLE ENERGY [5] [6] [7] [8] 

PV Type: Building Iintegrated PV over-roof 

Technology: Polycrystalline cells (indicate efficiency or kWp /m2) 

Surface: 365 m2  

Nominal power: 50 kWp  

The slope of the PV cells is 9° for both roofs which is not the best choice in terms of 

photovoltaic efficiency as the optimum position for PV panels on La Reunion is a north 

orientation with a slope of 21°. The architect who designed the building wanted 

architectural homogeneity, with half the over-roof facing north and the other half facing 

south.  

 

Figure 77 : The 50 kWp BIPV roofs [2] 

  

Figure 78 : PV production on the panel [2] 
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BUILDING ANALYSIS AND KEY PERFORMANCE INDICATORS [2] [5] [6] [7] [8] 

Thermal 

comfort 

indicators 

 

1. Percentage of time outside an operative temperature range (Adaptive) 

2. Percentage of time outside an operative temperature range (Fanger) 

3. Degree-hours (Adaptive) 

4. Degree-hours (Fanger) 

5. Percentage of time inside the Givoni comfort zone of 1m/s : 100% 

6. Percentage of time inside the Givoni comfort zone of 0m/s : 40% 

7. Number of hours within a certain temperature range  

Energy 

performance 

indicators 

 

1. Energy needs for heating (kWh/y/m2) : 0 

2. Energy needs for cooling (kWh/y/m2) : 4 

3. Energy use for lighting (kWh/y/m2) : 3 (indoor and outdoor) 

4. Energy needs for Sanitary Hot water (kWh/y/m2) : 0 

5. Total Primary energy use (kWh/y/m2) : 60 (total Primary Energy Factor (PEF) equal 

to 3.00 for electrical energy from the grid) 

6. Renewable Primary energy generated on-site (kWh/y/m2) : 315 

7. Renewable Primary energy generated on-site and self-consumed (kWh/y/m2) : 0 

8. Renewable Primary energy exported to the grid (kWh/y/m2) : 315 

9. Ratio of renewable primary energy over the total primary energy use (with and 

without compensation) (%)  

10. Delivered energy (kWh/y/m2) (from electricity bills) : 20 

Acoustic 

comfort 

indicators  

 

1. Airborne sound insulation  

2. Equivalent continuous sound Level 

3. HVAC noise level 

4. Reverberation time 

5. Masking/barriers 

Visual comfort 

indicators  

 

1. Light level (illuminance) 

2. Useful Daylight Illuminance (UDI) 

3. Glare control  

4. Quality view 

5. Zoning control 

Indoor Air 

Quality 

indicators 

 

1. Organic compound : N/A 

2. VOCs : N/A 

3. Inorganic gases: N/A: 

4. Particulates (filtration) : N/A 

5. Minimum outdoor air provision: N/A 

6. Moisture (humidity, leaks) : N/A 

7. Hazard material: N/A 
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Users’ feedback To assess the comfort level of ENERPOS, a post occupancy evaluation was 

conducted during three hot seasons (October to April). It involved surveying 

students and lecturers during the hours of occupancy. 

Students were asked to complete a questionnaire at the same time that the 

environment parameters were being recorded (air temperature, wet-bulb 

temperature, globe temperature, relative humidity and air velocity). 

More than 2,000 questionnaires were filled in by 600 students and their 

teachers. The main results are that the occupants usuall  don’t complain about 

the heat and generally feel comfortable, even during the hottest period of the 

year [2]. 

 

Figure 79: Givoni comfort zones on the psychometric chart obtained for a classroom of the ENERPOS building during 
the hot period (from October to April 2011). [5]  

 

 

Figure 80 : Mean Thermal Sensation of the students inside the Enerpos building during 125 lectures over three 
summer seasons. [5]  
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Figure 81: Monthly energy use, May 2010– April 
2011 [2] 

 

Figure 82: PV production for North and South roofs [2] 

 

LESSONS LEARNED AND RECOMMENDATIONS 

Lessons learned 

ENERPOS shows that with current technologies and only 9% additional cost, it 

is possible to build a building that consumes 10 times less energy than a 

standard building and produces seven times more energy than it consumes at 

the daily scale. 

Overall, users are very satisfied of the comfoprt conditions thourghout all year 

long. 

Recommendations - 

BUILDING STRENGTHS AND WEAKNESSES 

   

Passive Design Energy Efficiency Renewable Energy 
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CASE STUDY 06: MOUFIA LECTURE THEATER | LA REUNION 

     

GEOGRAPHICAL AND CLIMATE INFORMATION 

Location  15 Avenue René Cassin 97715 Sainte Clotilde, La Réunion, France 

Latitude; Longitude -20.902046923902343, 55.485358557421655 

Climate zone (Köppen–Geiger 

classification) 

Af: Equatorial rainforest, fully humid 

BUILDING INFORMATION 

Building Type Educational Building – Lecture theater 

Project Type New construction 

Completion Date 2014 

Number of buildings 1 

Number of storeys 1 

Total Floor Area (m² ) 1193 

Net Floor Area (m² ) 1149 

Thermally conditioned space area 

(m²) 

36 m² conditioned space 

Spaces with Natural Ventilation 

(with or without Ceiling Fans). Only 

(m²) 

1185 m2 

Total cost (€) 2 752 000  

Cost /m² (€/m²) 2 306,7 

Performance Standards or 

Certification 

PREBAT (French National Research and Experimentation Programme 
on Building Energy) 

Awards  

STAKEHOLDERS 

Building Owner/ Representative University of La Réunion 

Architect / Designer Olivier BRABANT 

Construction manager SODIAC, Université de La Réunion 

Environmental consultancy  Imageen 

Structural Engineer, Civil Engineer Intégrale Ingénierie, Laroche Joubert, AIEE Acoustique 

Product Manufacturer   

Certification company  

Others Jacques Gandemer. Aerodynamic and airflow design, specialist in 
architecture and urban planning 
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PROJECT DESCRIPTION [1] [2] [3] [4] 

 

Figure 83: Northern facade  

This 550-seat building, located in the French island of 

Reunion near Madagascar, is the first bioclimatic 

lecture theatre in the tropics. The building operates 

without air conditioning and with the use of natural 

ventilation only.  

Thanks to its efficient airflow design, users feel 

comfortable throughout all year long. The lecture 

theater is used as an auditorium but also for lectures 

and conferences. 

It has a total area of 1200 m², as well as a car park of 

420 places on 3 levels with PV panels at the top that 

acts a shading devices. 

 

 
 

Figure 84: Eastern facade with air inlets 
and native vegetation 

 

Figure 85 : Low pressure shaft  

 

Figure 86 : Plan view of the 
lecture theater 

 

SITE INTEGRATION 

  

Figure 87 : site integration of the lecture theater 

The lecture theatre is located in the main campus of the capital city in the North of the island . It is connected by 

two bridges of the university campus and the rest of the city and is located in a complex of large buildings such 

as the building of the Regional council. There is dense vegetation around the building to cool the air and create 

a microclimate before entering the building. 
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CLIMATE ANALYSIS 

 

Figure 88 : Givoni Bioclimatic chart for the climate of Saint-Denis [5]. 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 90 : Wind rose for Saint-Denis [6] 

Global horizontal radiation (Avg daily total) Min 

(month) / Max (month) 

Min: 4120 Wh/m² (June) 

Max: 6429 Wh/m² (January) 

Mean: 5355,67 Wh/m² 

Annual Degree-Days for weather classification 

according to ASHRAE Standard 169-2020  

HDD 18°C: 1 

CDD 10°C: 5059 

Annual Degree-Days for the Adaptive Comfort 

Base Temperature according to the ASHRAE 

55-2017 for 80% of acceptability 

HDD: 99 

CDD: 6 

Annual Degree-Days for a static comfort 

temperature approach 

HDD 18.6ºC: 4 

CDD 26º: 150 

  

Figure 89 : Monthly temperature range for Saint-Denis. 
Source: Climate consultant - Adaptative Comfort model [6] 

: Temperature range by month for Saint-Denis 
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KEY BIOCLIMATIC DESIGN PRINCIPLES [1] [2] [3] [4] 

Passive cooling strategy  Comfort ventilation / Natural cross-ventilation 

Low pressure shaft that acts like a natural pump: An opened 

U shaped-roof at the top accelerate the trade winds and 

create a natural low pressure thanks to the venturi effect. 

Glass louvers are installed on opposite facades. 4 

differentiated air inlets (see Figure 7) 

Passive heating strategy None 

Solar protection Large overhangs protect the glass louvers and the main 

facades   

Building orientation  The main facades of the building are North/South oriented 

Insulation  Roof insulation: 

There is 10 cm of rockwool and 8 cm of air gap. 

Vegetation The surroundings were vegetated with native species, 

allowing the cooling of the air around the building 

Natural daylighting Natural lighting is preferred thanks to the louvers and lateral 

louvers to limit artificial lighting 

Use of local and embedded materials Use of wood (structure et walls) and local volcanic stone 

(pavements) 

Water saving and heat recovery on hot water 

drain 

None 

Waste management Wood construction generates little waste 

Others features Densely planted soils better absorb water during heavy rains 

 

 

Figure 91 : Solar shadings Figure 92 : low pressure shaft on top of the roof and 
visualization of the 4 air inlets 

 
Figure 93 : Side louvers Figure 94 : Construction of the air compartments 

during the construction stage 
Figure 95 : Low pressure 

shatf (top of the roof) 
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INFRASTRUCTURES and REGULATIONS to enable SUFFICIENCY ACTION 

Dressing code Informal dressing, adapted to the season, is welcome and promoted 

(e.g. short trousers and short leaves in hot periods): Yes  

Protected bike parking and 

showers 

Yes  

Ceiling fans In every room, even those conditioned: Yes (in offices only) 

Lighting system fractioned to 

allow using light only in zones 

occupied and where daylighting 

insufficient 

In every room, even those conditioned: Yes.  

Space and facilities for line 

drying clothes (especially 

important in residences, hotels, 

sport facilities…) 

In every room, even those conditioned: No 

Book of instruction for correct 

use of the passive features 

(windows, solar protections, 

water savings) and active 

(lighting…) in order to promote 

sufficiency and efficiency actions 

Available through leaflets and posters at relevant places, online, etc.: 

Yes 

 

 

Figure 96 : Posters explaining the airflow design and the environment objectives were installed closed to the 

main entrances of the lecture theatre. 

BUILDING FABRIC AND MATERIALS [1] [2] [3] [4] 

Roof External zinc skin/ 10 cm of rockwool / 8 cm of air gap/ceiling in wood 

Overall R-value : 3 m2.K/W 

Windows Type of materials, thickness, etc. : Glass louvers and frame in 

Aluminium shaded by large overhangs 

Window-to-wall ratio (WWR) : N/A 

U-value: Unknown 

Visual transmittance: 0,87 

Walls Type of materials, thickness : Ext. Red cedar 2m / 8 cm air gap / Int. 

2cm Wood (Meleze)  

Overall R-value : 0.63 m2.K/W 
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Figure 97 :  wooden superstructure 

 

Figure 98 : low pressure shaft under 
construction 

 

Figure 99 : The external walls 
are composed with wooden 

cladding 

 

 

ENERGY EFFICIENT BUILDING SYSTEMS [1] [2] [3] [4] 

Low-energy cooling systems The lecture theatre operates without any AC systems and uses only 

natural ventilation thanks to a difference of pressure from the different 

facades and the roof. The airflow design has been validated thanks to wind 

tunnel tests run in Laboratoire Eiffel in Paris. 

Low-energy heating systems None 

Ceiling fans Yes (offices only) 

Type: Hunter Industry II  

Power: 70W 

Mechanical ventilation / air 

renewal 

Only in the technical room where the video projector is installed 

Domestic Hot Water None 

Artificial lighting T5 Light bulbs 

Density=8.7 W/m2 

Control and energy management Yes (energy meters for each end uses) 

   
Figure 100 : Wind tunnel tests to 

validate the passive principles 
Figure 101 : Ceiling fans are 
installed in every office space 

Figure 102: T5 light bulbs (density: 8.7 
W/m2) 

RENEWABLE ENERGY [1] [2] [3] [4] 

PV A 145 kWp/1000 m2 PV plant acts as a car shading system. The PV plant 

produces 10 times the low energy demand of the lecture theatre. The PV 

production is delivered on site. 

Solar thermal --- 

Wind --- 
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Geothermal --- 

Biomass --- 

The 145 kWp PV plant produces 

183kWh/y/m2 whereas the energy demand of 

the lecture theatre is only 23 kWh/y/ m2. 

The PV production is generated onsite only. 

Figure 103: 145 kWp PV panels are installed as shading devices for the cars. 

 

BUILDING ANALYSIS AND KEY PERFORMANCE INDICATORS [1] [2]  

Thermal 

comfort 

indicators 

 

1. Percentage of time outside an operative temperature range (Adaptive) 

2. Percentage of time outside an operative temperature range (Fanger) :  

3. Degree-hours (Adaptive) 

4. Degree-hours (Fanger) 

5. Percentage of time inside the Givoni comfort zone of 1m/s : 90% 

6. Percentage of time inside the Givoni comfort zone of 0m/s 

7. Number of hours within a certain temperature range  

Energy 

performance 

indicators 

 

1. Energy needs for heating (kWh/y/m2) 

2. Energy needs for cooling (kWh/y/m2) :  

3. Energy use for lighting (kWh/y/m2) : 9 

4. Energy needs for Sanitary Hot water (kWh/y/m2) 

5. Total Primary energy use (kWh/y/m2) : 69 (total Primary Energy Factor (PEF) equal to 

3.00 for electrical energy from the grid) 

6. Renewable Primary energy generated on-site (kWh/y/m2) : 549 

7. Renewable Primary energy generated on-site and self-consumed (kWh/y/m2) : 549 

8. Renewable Primary energy exported to the grid (kWh/y/m2) : 0 

9. Ratio of renewable primary energy over the total primary energy use (with and without 

compensation) (%) 

10. Delivered energy (kWh/y/m2) (from electricity bills) : 23  

Acoustic 

comfort 

indicators  

 

1. Airborne sound insulation : N/A 

2. Equivalent continuous sound Level : N/A 

3. HVAC noise level : N/A 

4. Reverberation time : N/A 

5. Masking/barriers : N/A 

1. Light level (illuminance) : N/A 

2. Useful Daylight Illuminance (UDI) : N/A 
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Visual 

comfort 

indicators  

 

3. Glare control : N/A 

4. Quality view : N/A 

5. Zoning control : N/A 

Indoor Air 

Quality 

indicators 

 

1. Organic compound : N/A 

2. VOCs : N/A 

3. Inorganic gases : N/A 

4. Particulates (filtration) : N/A 

5. Minimum outdoor air provision : N/A 

6. Moisture (humidity, leaks) : N/A 

7. Hazard material 

Users’ 

feedback 

A Post Occupancy Evaluation has been conducted during the hottest days in February. 

Despite the lack of ceiling fans in the main space, 94% of the people find the space 

comfortable (80%) or slightly uncomfortable (14%). 50% of the people would prefer to 

have more air velocity. Overall, people are satisfied with the indoor thermal comfort. 

 

 

Figure 104: Frequency distribution of thermal sensation votes obtained on a summer day (3rd February 2016). The 
total number of votes was 74.  

 

Figure 105: Frequency distribution of thermal comfort votes 
on the3rd February 2016. 

 

 

Figure 106 : Frequency distribution of questionnaire 
responses on air movement preference on the3rd 

February 2016. 
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Figure 107: Load curves by end use category for a typical working day in Feb. 2017 

 

 

 

Figure 108 : Distribution of all end-uses of the building over one year. 

 

 

 

      

Figure 109 : Energy consumption by end-uses on a monthly basis for one year of occupancy (2016-2017) 

LESSONS LEARNED AND RECOMMENDATIONS 

Lessons learned 

This project shows that it is possible to feel comfortable in big spaces 

like a lecture theater with an adapted airflow design in the tropics. Air 

conditioning and mechanical ventilation can thus be avoided. 

Moreover, the lecture theater consumes 5 times less energy than a 

classical auditorium and produces 28 times more its low 

consumption. The lecture theater is the first positive energy and 

bioclimatic lecture theater in the world. 

Recommendations - 

Lighting 

Plug loads 

Offices rooms 

Control room 

Theatre stage 

Others 

Lighting 

Plug loads 

Offices rooms 

Control room 

Theatre stage 

Others 
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BUILDING STRENGTHS AND WEAKNESSES 

Strengths 

   

Passive Design Energy Efficiency Renewable Energy 

 Weaknesses  

The lack of ceiling fans in the main space of the building. Not enough air velocity during the hot days with no 

wind outside. People complain about the lack of air movement during the hottest days. 

 

REFERENCES 

[1] Garde, Francois & Maareva, Payet. (2015). Ventilation naturelle sous les tropiques. Amphithéâtre du 

Moufia à Saint-Denis de La Réunion.. Ecologik. 47. 

[2]https://www.researchgate.net/publication/282607717_Ventilation_naturelle_sous_les_tropiques_Amphitheat

re_du_Moufia_a_Saint-Denis_de_La_Reunion 

[3] http://www.cpu.fr/actualite/developpement-durable-luniversite-de-la-reunion-invente-le-premier-

amphitheatre-bioclimatique/ 

[4] http://www.archi.re/amphitheatre-bioclimatique/ 

[5] PD: Psychrometric Chart n.d. https://drajmarsh.bitbucket.io/psychro-chart2d.html(accessed May 7, 2021). 

[6] Milne (UCLA) M. Climate Consultant 6.0. n.d. http://www.energy-design-tools.aud.ucla.edu/climate-

consultant/request-climate-consultant.php. 

 

 

  

http://www.cpu.fr/actualite/developpement-durable-luniversite-de-la-reunion-invente-le-premier-amphitheatre-bioclimatique/
http://www.cpu.fr/actualite/developpement-durable-luniversite-de-la-reunion-invente-le-premier-amphitheatre-bioclimatique/
http://www.archi.re/amphitheatre-bioclimatique/
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ANNEX C: CASE STUDIES IN AFRICA 

Case study 07 : Maison des Energies, Senegal 

Case study 08 : UNON Office Building, Kenya 

Case study 09 : Villas des Chercheurs, Morocco 

Case study 10 : Dar Nassim Project, Morocco 

Case study 11 : Dar Amys Villa, Morocco 

Case study 12 : Salam Cardiac Surgery Centre, Sudan 
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CASE STUDY 07: MAISON DES ENERGIES | SENEGAL 

        

GEOGRAPHICAL AND CLIMATE INFORMATION 

Location  Sinthiou Bamambe, District Ngapougou, Matam 

SENEGAL 

Latitude; Longitude 15.3726727929116, -13.12709036192232 

Climate zone (Köppen–Geiger classification) BWh : Hot desert 

BUILDING INFORMATION 

Building Type Offices & Housing 

Project Type New construction  

Completion Date 2009 

Number of buildings 2 

Number of storeys 2 

Total Floor Area (m² ) 2 200 

Net Floor Area (m² ) 600 

Thermally conditioned space area (m² ) Room: 11,08 m² 

Questionnaire office: 16,8 m² 

Spaces with Natural Ventilation (with or without 

Ceiling Fans) Only (m²) 

- 

Total cost (€) ~91  44,1  (60.000.000 FCFA) excluding PV system 

Cost /m² (€/m²) ~152,55 (100.000 FCFA) excluding PV system 

Performance Standards or Certification None 

Awards None 

STAKEHOLDERS 

Building Owner Country council of Kanel 

Project Manager Community of municipalities of the “Val de Drôme”, in 

collaboration with the municipality of Sinthiou Banadji 

and the rural community of Ndendory 

Architect / Designer Mathieu Hardy 

Construction manager SASERCO, Association la Voûte Nubienne, VN 

burkinabès 
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Environmental consultancy  - 

Structural Engineer, Civil Engineer - 

Product Manufacturer  Association la Voûte Nubienne, VN burkinabès 

Certification company - 

Others - 

PROJECT DESCRIPTION 

 

Figure 110: Exterior view of the building « Maison 
des Energies ». It is a traditional structure in 

adobe banco. 

The house of alternative energies, located in Matam, 

Senegal, is a house with a useful surface of 2700 m² 

which includes offices and housing on two levels (DRC 

and R+1). The building is made of traditional structure 

in adobe banco. 

This house was designed in such a way as to be able 

to respect key principles of bioclimatic comfort such as 

the use of natural ventilation. 

In addition, its Nubian-vaulted technical concept offers 

numerous solutions to Africa’s economic and 

environmental problems while offering comfort to its 

users. 

 

 

Figure 111 : Floor plan of the building [1]  
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SITE INTEGRATION 

 

Figure 112: Aerial view of the building and its' 
surrounding 

The house of alternative energies is located in the 

middle of a rural area. It is a desert area where the 

vegetation is very little present, hence the importance 

of adding small gardens within the building. This 

allows to decrease the air temperature, clearly felt 

especially in the summer period. 

 

CLIMATE ANALYSIS 

 

Figure 113: Givoni Bioclimatic chart for the climate of Matam using Andrew Marsh online tool [2]. Climate data 
are extracted from 

http://climate.onebuilding.org/WMO_Region_1_Africa/SEN_Senegal/SEN_MT_Matam.616300_TMYx.2004-
2018.zip 

 

 Figure 114: Temperature range by month for Matam. 
Source: Climate consultant – Adaptative Comfort model [3]. 

 

Figure 115: Wind rose for Matam [3]. 
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Global horizontal radiation (Avg daily total) Min 

(month) / Max (month) 

Min: 5422 Wh/m² (Dec) 

Max: 7550 Wh/m² (Apr) 

Mean: 6421,25 Wh/m² 

Annual Degree-Days for weather classification 

according to ASHRAE Standard 169-2020  

HDD 18°C: 6 

CDD 10°C: 7500 

Annual Degree-Days for the Adaptive Comfort 

Base Temperature according to the ASHRAE 

55-2017 for 80% of acceptability 

HDD: 92 

CDD: 783 

Annual Degree-Days for a static comfort 

temperature approach 

HDD 18.6ºC: 10 

CDD 26º: 1940 

 

KEY BIOCLIMATIC DESIGN PRINCIPLES 

Passive cooling strategy  Comfort Ventilation: The strategy mainly used is the natural ventilation due to 

the presence of a large outdoor courtyard, shutter doors and louvre shutter 

system with adjustable slats, which allow optimal air circulation. 

The presence of ceiling fans in each zone of the building, allows to ensure 

ventilation when it is slightly hot and natural ventilation is not favourable 

enough. In addition, they are used to avoid the use of air conditioning. 

Not to mention that in order to dehumidify the air, air conditioners are also 

present in these areas to ensure a comfortable atmosphere. 

Passive heating strategy None 

Solar protection Zone 1: Three windows with swivel blades and a half-blind door with swivel 

blades 

Zone 2: Three half-blind doors with swivel blades and a fixed blind window with 

swivel blades 

But there is also the presence of sunshades on some windows. 

Indeed, the swivel blades will make it possible to stop the solar radiation in the 

room while keeping a certain luminosity inside it. 

Building orientation  North-West 

Insulation  Mineral wool (rock, glass): cheap, strong insulating power, very good fire 

resistance (insulation of roofs, walls and floors) 

Cork: Good sound and thermal insulation, waterproof, flame retardant (insulate 

slabs, walls, ceilings and roofs) 

Perlite: Fire and heat resistant (for floors and hollow walls) 

Polystyrene: Better insulation, good moisture resistance 

Coconut wool: Thermal and acoustic insulation, high moisture resistance, very 

elastic (filling of cavities (between walls and frames for example)) 

Hemp wool: Good moisture regulator, no risk of irritation (roof insulation, walls 

and floors) 

Linen wool: Easy to handle, good sound insulation, insulates surfaces very 

well (insulation of exterior walls and hard-to-reach areas) 

Vegetation At the level of the exterior courtyard, we have the presence of small gardens, 

in order to be able to decrease the air temperature at the different zones but 

also to allow a beautiful atmosphere for the users.  

Natural daylighting The louvre shutter system with the adjustable slats installed in the building 

allow to optimise the use of the natural light. 
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Use of local and embedded 

materials 
Locally used Mud Bricks  

Water saving and heat 

recovery on hot water drain 
None 

Waste management None 

Others features - 

 

 

Figure 116: View of the exterior courtyard of the « Maison 

des Energies » and its garden [1]. 

 

Figure 117: Interior view of the    l   g “Maison 

des Energies” w  h  h  c  l  g f    [1]. 

 

Figure 118: Off c ‘s photos 

 

Figure 119: R   ’   h     

 

 

INFRASTRUCTURES and REGULATIONS to enable SUFFICIENCY ACTION 

Dressing code Informal dressing, adapted to the season, is welcome and promoted (e.g. 

short trousers and short leaves in hot periods): Yes  

Protected bike parking and 

showers 

No 

Ratio with number of users: - 

Ceiling fans In every room, even those conditioned: Yes  

Lighting system fractioned to 

allow using light only in zones 

occupied and where daylighting 

insufficient 

In every room, even those conditioned: No 

Space and facilities for line 

drying clothes (especially 

important in residences, hotels, 

sport facilities…) 

In every room, even those conditioned: No 
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Book of instruction for correct 

use of the passive features 

(windows, solar protections, 

water savings) and active 

(lighting…) in order to promote 

sufficiency and efficiency actions 

Available through leaflets and posters at relevant places, online, etc.: No 

 

BUILDING FABRIC AND MATERIALS 

Roof Type of materials: Mud Bricks (banco) 

Overall R-value: 0.95 [W m−2 K−1] 

Windows Type: Fixed structure in steel and louvre shutter system with adjustable slats 

Window-to-wall ratio (WWR): - 

U-value: - 

Visual transmittance: - 

Walls Type of materials: Mud walls 

Overall R-value: 0.95 [W m−2 K−1] 

 

Figure 120: The roof-terrace made of raw clay[1]. 

 

Figure 121: View of the banco walls 

  

ENERGY EFFICIENT BUILDING SYSTEMS 

Low-energy cooling systems Natural ventilation 

Air conditioners: 4 of the brand Westpoint whose power per unit is 2 200W 

and 2 of the brand Samsung whose power per unit is 2 100W 

Low-energy heating systems No heating system 

Ceiling fans Yes – 1 ceiling fan in each room 

 Power=75W  

Mechanical ventilation / air 

renewal 

No mechanical ventilation but possibility of air renewal by natural ventilation 

and air mixing by ceiling fans 

Domestic Hot Water None 

Artificial lighting Compact and fluorescent light bulbs 

Power: 18W (Zone 1) and 11W (Zone 2)  

Control and energy 

management 
None 
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Figure 122: View of the cooling equipment of the rooms 

RENEWABLE ENERGY 

PV Yes, but the technical data are not available 

Solar thermal Unknown 

Wind None 

Geothermal None 

Biomass None 

 

BUILDING ANALYSIS AND KEY PERFORMANCE INDICATORS 

Thermal 

comfort 

indicators 

 

1. Percentage of time outside an operative temperature range (Adaptive) 

2. Percentage of time outside an operative temperature range (Fanger) 

3. Degree-hours (Adaptive) 

4. Degree-hours (Fanger) 

5. Percentage of time inside the Givoni comfort zone of 1m/s 

6. Percentage of time inside the Givoni comfort zone of 0m/s 

7. Number of hours within a certain temperature range  

Energy 

performance 

indicators 

 

1. Energy needs for heating (kWh/y/m2) 

2. Energy needs for cooling (kWh/y/m2) 

3. Energy use for lighting (kWh/y/m2) 

4. Energy needs for Sanitary Hot water (kWh/y/m2) 

5. Total Primary energy use (kWh/y/m2) 

6. Renewable Primary energy generated on-site (kWh/y/m2) 

7. Renewable Primary energy generated on-site and self-consumed (kWh/y/m2) 

8. Renewable Primary energy exported to the grid (kWh/y/m2) 

9. Ratio of renewable primary energy over the total primary energy use (with and 

without compensation) (%) 

10. Delivered energy (kWh/y/m2) (from electricity bills)  

1. Airborne sound insulation  

2. Equivalent continuous sound Level 
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Acoustic 

comfort 

indicators  

 

3. HVAC noise level 

4. Reverberation time 

5. Masking/barriers 

Visual comfort 

indicators  

 

1. Light level (illuminance) 

2. Useful Daylight Illuminance (UDI) 

3. Glare control  

4. Quality view 

5. Zoning control 

Indoor Air 

Quality 

indicators 

 

1. Organic compound 

2. VOCs  

3. Inorganic gases 

4. Particulates (filtration) 

5. Minimum outdoor air provision 

6. Moisture (humidity, leaks) 

7. Hazard material 

Users’ 

feedback 

- 

 

LESSONS LEARNED AND RECOMMENDATIONS 

Lessons learned 

The Association “la  oûte  ubienne” (www.lavoutenubienne.org) was a 

strong partner in the project. The construction work on site was 

accompanied by this organisation, as well as technical training activities 

for a local workforce. A little more than 10 years later, awareness-raising 

activities in order to widen access to the Nubian Vault concept is 

continuing in the Senegalese Fouta, thanks to the joint efforts of the 

Association “la  oûte  ubienne” and its local partners, in particular the 

  O “Le Partenariat” which is located in Saint Louis 

(www.lepartenariat.org). 

Recommendations - 

BUILDING STRENGTHS AND WEAKNESSES 

Strengths 

  

Passive Design Local Materials 

 Weaknesses  

- 

REFERENCES 

[1] https://almizan-sahel.com/maison-des-energies 

[2] PD: Psychrometric Chart n.d. https://drajmarsh.bitbucket.io/psychro-chart2d.html(accessed May 7, 

2021). 

[3] Milne (UCLA) M. Climate Consultant 6.0. n.d. http://www.energy-design-tools.aud.ucla.edu/climate-

consultant/request-climate-consultant.php. 

https://almizan-sahel.com/maison-des-energies
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CASE STUDY 08: UNON OFFICE BUILDING | KENYA 

     

GEOGRAPHICAL AND CLIMATE INFORMATION 

Location  Parklands/Highridge, United Nations Ave, Nairobi, Kenya 

Latitude; Longitude -1.2326008075647548, 36.81796828684429 

Climate zone (Köppen–Geiger classification) Cfb: Warm temperate climate, fully humid with warm 

summer 

BUILDING INFORMATION 

Building Type Offices 

Project Type New construction 

Completion Date 2011 

Number of buildings 8 

Number of storeys 3 

Total Floor Area (m² ) 20 000 

Net Floor Area (m² ) - 

Thermally conditioned space area (m² ) 0 

Spaces with Natural Ventilation (with or without 

Ceiling Fans) Only (m²) 

20 000 

Total cost (€) 18 500 000  

Cost /m² (€/m²) 925,0  

Performance Standards or Certification ISO 14001 (2004) 

Awards Top 6 stars by Australia’s  reen Star 

STAKEHOLDERS 

Building Owner/ Representative United Nations Office at Nairobi (UNON) 

Architect / Designer Beglin Woods Architects 

Construction manager Harold R. Fenwick & Associates, Chartered Quantity 

Surveyors 

Environmental consultancy  UN-HABITAT / UNEP 
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Structural Engineer, Civil Engineer EngPlan Consulting Engineers 

Building Services Engineers  Geomax Consulting Engineers 

Certification company - 

PROJECT DESCRIPTION [1] [2] [3] 

 

Figure 123: Exterior view of the UNON Office 

building [1] 

The UNON Office building is the first facility in sub-Saharan 

Africa, which hosts the headquarters of both the United 

Nations Environment Programme (UNEP) and the United 

Nations Human Settlements Programme (UN-HABITAT). 

The building is composed of four blocks linked by airy 

walkways, flooded with natural light and with green areas. A 

central atrium runs the length of the building, allowing natural 

light to flood into offices, while encouraging airflow and 

comfortable internal temperatures by drawing warm air up 

and out of the building. In terms of renewable energy, this 

building has been designed to generate electricity for all of 

its 1,200 occupants thanks to 6000 square meters of solar 

panels of 550 KWp [2]. 

     

(a)                                                                                  (b) 

Figure 124: (a) Fountains and ponds at the entrance of the building using collected rainwater and (b) vegetation in 
the atrium area of the building [1]. 

 

SITE INTEGRATION 

 
Figure 125: Site integration of the UNON building 

 

For the landscaping of the new building the 

building was deliberately sited in such a way 

that the maximum number of existing trees 

could be preserved. Moreover, thanks to the 

preservation of indigenous plants more 

drought-resistant the building encourages birds 

and other smaller wildlife. Besides, the building 

follows traditional principles of Kenyan build like 

for the colour of the façades that refers to old 

traditional buildings. 
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CLIMATE ANALYSIS 

 

Figure 126: Givoni Bioclimatic chart for the climate of Nairobi using Andrew Marsh online tool [4]. Climate data are 
extracted from http://climate.onebuilding.org/WMO_Region_1_Africa/KEN_Kenya/NB_Nairobi/KEN_NB_Nairobi-

Kenyatta.Intl.AP.637400_TMYx.2004-2018.zip 

 

 

Figure 127: Temperature range by month for Nairobi. 
Source: Climate consultant – Adaptative Comfort model 

[5]. 

 

 

 

 

Global horizontal radiation (Avg daily total) Min 

(month) / Max (month) 

Min: 4025 Wh/m² (Jun) 

Max: 6243 Wh/m² (Feb) 

Mean: 5084 Wh/m² 

Annual Degree-Days for weather classification 

according to ASHRAE Standard 169-2020  

HDD 18°C: 315 

CDD 10°C: 3 480 

Annual Degree-Days for the Adaptive Comfort 

Base Temperature according to the ASHRAE 

55-2017 for 80% of acceptability 

HDD: 765 

CDD: 6 

Annual Degree-Days for a static comfort 

temperature approach 

HDD 18.6ºC: 419 

CDD 26º: 32 

 

  

Figure 128: Wind rose for Nairobi [5]. 
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KEY BIOCLIMATIC DESIGN PRINCIPLES [1] [2] [3] 

Passive cooling strategy  Natural ventilation via chimney effect of warm air moving 

through the atrium.  

Fixed louvres at the top of the building allow free air 

movement out of the atrium 

Open plan offices  

Windows can be opened and closed for temperature 

regulation 

Passive heating strategy N/S orientation to minimize heat intake. 

High thermal capacity walls (stones)  

Solar protection Canopy produces shade which reduces solar gain in through 

windows. 

Building orientation  N/S orientation for daylighting 

Insulation  High quality solar glass insulates the building against heat 

and cold. The roof is protected by all solar panels 

Vegetation Rainwaters is collected to irrigate the landscape areas all 

around the building, indigenous tree has been planted. 

Atrium encourages landscape areas and so biodiversity with 

a minimal of irrigation water.  

Natural daylighting N/S orientation achieving maximum daytime lighting.  

Atrium and glass permit natural daylighting. Indeed, glazed 

roof lights are set into the building’s flat roof, and toughened 

glass set at floor level beneath them on each floor, enabling 

natural light to penetrate right through to the ground floor. 

Use of local and embedded materials Locally produced cement and steel and blockwork form 

building superstructure 

Maximum use of stones 

Water saving and heat recovery on hot water 

drain 

Water saving taps and lavatories reduce water consumption. 

Installation of high-efficiency water systems, which include 

features such as dual flush toilets and push taps.  

Waste water is also treated. Rainwater is collected from the 

roofs to feed the fountains and ponds at the four entrances 

and sewage is treated in a state-of-the-art aeration system 

and recycled to irrigate the beautifully landscaped 

compound. 

All the water from the offices, kitchens, washrooms and 

recreation centre ends up at the local wastewater plant. 

There are three oxidation ponds that use natural UV rays and 

biological processes to treat the water, which is then reused 

for irrigation around the compound [6]. 

Waste management All waste produced in the buildings are recycled to produce 

other materials. 

One of the UNON objectives is to reduce the amount of 

waste from the complex that goes directly to landfill. Since 

2008, the Near Zero Station has been sorting waste 

produced on the compound and reducing the amount sent 

for disposal. In 2017, a new waste sorting station was built, 
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and waste collected from the complex is now sorted and 

measured, and either recycled or disposed of appropriately. 

Waste sorting bins are located in each office building on the 

complex to enable sorting at source [6].  

Others features The 1200 employees of the building walk on a 100% 
recyclable carpet, and the paint used on the walls is 
environmentally friendly. The green spaces surrounding the 
building are made up of local plants and trees. 
 
 

 

(a) 

 

(b) 

Figure 129 : sewage is treated in a state-of-the-art aeration system (a) and recycled to irrigate the beautifully 
landscaped compound (b) [1]. 

 

 

Figure 130:  h  UNON Off c     l   g’        l v    l          c  le via chimney effect of warm air moving through 
the atrium. Fixed louvres at the top of the building allow free air movement out of the atrium [2]. 
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INFRASTRUCTURES and REGULATIONS to enable SUFFICIENCY ACTION 

Dressing code Informal dressing, adapted to the season, is welcome and promoted (e.g. 

short trousers and short leaves in hot periods): Yes 

Protected bike parking and 

showers 

Yes. There are several bike parkings within the complex to allow cycling 

from the entrance of the complex situated two km away to the building.  

Ceiling fans In every room, even those conditioned: No 

Lighting system fractioned to 

allow using light only in zones 

occupied and where daylighting 

insufficient 

In every room, even those conditioned: Yes  

There are no switches. Sensors of presence operate the lighting. 

Space and facilities for line 

drying clothes (especially 

important in residences, hotels, 

sport facilities…) 

In every room, even those conditioned: No 

Book of instruction for correct 

use of the passive features 

(windows, solar protections, 

water savings) and active 

(lighting…) in order to promote 

sufficiency and efficiency actions 

Available through leaflets and posters at relevant places, online, etc.: No 

 

 

BUILDING FABRIC AND MATERIALS 

Roof Bricks  

Thickness Unknown 

Overall R-value : Unknown 

Windows High performance glazing, double glazing aided by a system 

of light reflectors 

Window-to-wall ratio (WWR): Unknown 

U-value : Unknown 

Visual transmittance: Unknown 

Walls Stones, Thickness: 20 cm 

Overall R-value : Unknown 
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Figure 131: Atrium and light well section of the UNON building [1]. 

 

ENERGY EFFICIENT BUILDING SYSTEMS [1] [3]  

Low-energy cooling systems Uses of passive cooling system, natural airflow, fans, 

vegetation. These systems work firstly thanks to natural 

airflow though the building that contributes to decrease the 

temperature felt. Also, the vegetation contributes to 

decrease the temperature during heating days. Fans are 

only used for the refreshment of IT systems against to the 

use of air conditioning. 

Low-energy heating systems Uses of natural heating. The double glazing contributes to 

retain the heat during fresh days, also the concrete 

contributes to capture the heat and redistribute the heat 

when temperature goes down. 

Ceiling fans Fans are used only in the computer rooms. 

Mechanical ventilation / air renewal Not applicable 

Domestic Hot Water Few solar water heaters provide water to the kitchens (bars) 

Artificial lighting Use of fluorescent luminaires - Low energy fluorescent 

lighting 

Density by spaces (W/m2): Unknow 

Control and energy management Energy management strategies are used to decrease the 

total consumption of the active systems: 

- daylight sensing and presence detection system  

- Water saving taps 

Only laptop computers are allowed in the office 
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(a) 

 
(b) 

Figure 132 : Interior views of the offices with the artificial lighting systems installed [1] 

RENEWABLE ENERGY 

PV Type : Solar 

Technology : Mixed polycrystalline and amorphous silicon 

solar modules. 

Nominal power : 750 000 kW/h 

The building was designed for maximum solar energy yield, 

with panels set on the flat, north/south oriented roof. 

550 Kwp 

Solar thermal Solar water heater  

Wind None 

Geothermal None 

Biomass None 

 

 

Figure 133: 6000 m2 of solar panels of 550 KWp are installed on the rooftop of the building [1] 
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BUILDING ANALYSIS AND KEY PERFORMANCE INDICATORS 

Thermal 

comfort 

indicators 

 

1. Percentage of time outside an operative temperature range (Adaptive) 

2. Percentage of time outside an operative temperature range (Fanger) 

3. Degree-hours (Adaptive) 

4. Degree-hours (Fanger) 

5. Percentage of time inside the Givoni comfort zone of 1m/s 

6. Percentage of time inside the Givoni comfort zone of 0m/s 

7. Number of hours within a certain temperature range  

Energy 

performance 

indicators 

 

1. Energy needs for heating (kWh/y/m2) 

2. Energy needs for cooling (kWh/y/m2) 

3. Energy use for lighting (kWh/y/m2) 

4. Energy needs for Sanitary Hot water (kWh/y/m2) 

5. Total Primary energy use (kWh/y/m2) 

6. Renewable Primary energy generated on-site (kWh/y/m2) 

7. Renewable Primary energy generated on-site and self-consumed (kWh/y/m2) 

8. Renewable Primary energy exported to the grid (kWh/y/m2) 

9. Ratio of renewable primary energy over the total primary energy use (with and 

without compensation) (%) 

10. Delivered energy (kWh/y/m2) (from electricity bills)  

Acoustic 

comfort 

indicators  

 

1. Airborne sound insulation  

2. Equivalent continuous sound Level 

3. HVAC noise level 

4. Reverberation time 

5. Masking/barriers 

Visual comfort 

indicators  

 

1. Light level (illuminance) 

2. Useful Daylight Illuminance (UDI) 

3. Glare control  

4. Quality view 

5. Zoning control 

Indoor Air 

Quality 

indicators 

 

1. Organic compound 

2. VOCs  

3. Inorganic gases 

4. Particulates (filtration) 

5. Minimum outdoor air provision 

6. Moisture (humidity, leaks) 

7. Hazard material 

Users’ 

feedback 

N/A 
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LESSONS LEARNED AND RECOMMENDATIONS 

Lessons learned 

This is the first energy plus building in Sub Saharan Africa. It has 

inspired the construction of more than 20 other buildings with solar 

rooftop in Nairobi. It also helped the adoption of a legislation on net 

metering. In fact, the building does not have batteries, excess energy 

is feed into the national grid during the day. At night, the energy is 

consumed from the grid. 

This was also the first bioclimatic architecture design the architect who 

learned by doing. 

Recommendations 

After the construction of the building, several recommendations were 

made to reproduce a bioclimatic building such as: 

- Set clear objectives for the building from the start 

- Work from general targets towards specific actions and not the other 

way around 

- Involve the future occupants from the start 

- Prepare background studies on all major issues 

- Prepare background studies on all major issues 

- Set up green task force 

- Keep an eye on development technology 

 

BUILDING STRENGTHS 

 

  

 

   

Passive Design Energy Efficiency Renewable 

Energy 

Water 

conservation 

Local Materials 
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CASE STUDY 09: VILLAS DES CHERCHEURS | MOROCCO 

  

 

GEOGRAPHICAL AND CLIMATE INFORMATION 

Location  Ben Guerir, Morocco 

Latitude; Longitude 32.214157096376795, -7.935813503615992 

Climate zone (Köppen–Geiger classification) BSh: Hot semi-arid steppe 

BUILDING INFORMATION 

Building Type Residential, Villas 

Project Type New construction 

Completion Date 2016 

Number of buildings 100 villas 

Number of storeys 2 (Villa Zitoune) 

Total Floor Area (m² ) 330 (Villa Zitoune) 

Net Floor Area (m² ) 184 (Villa Zitoune) 

Thermally conditioned space area (m² ) 184 (Villa Zitoune) 

Spaces with Natural Ventilation (with or without 

Ceiling Fans) Only (m²) 
184 (Villa Zitoune) 

Total cost (€) 2 307 162 (24 000 000 MAD) 

Cost /m² (€/m²) 125 (~1 304 MAD) 

Performance Standards or Certification None 

Awards COP 22 label 

STAKEHOLDERS [1] 

Building Owner/ Representative OCP 

Architect / Designer Elie Mouyal 

Construction manager CAP INGENIERIE 

Environmental consultancy  JESA 

Structural Engineer, Civil Engineer CAP INGENIERIE 
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Product Manufacturer  - 

Certification company - 

Others - 

 

PROJECT DESCRIPTION 

 

Figure 134: Exterior view of the “V ll       Ch  ch    ” 

 

The project is a collective residential zone for 

scientific researchers of the Mohammed VI 

Polytechnic University. There exist 4 kinds of villas 

depending on their architectures and areas: Villas 

Zitoune, Villas Limoune, Villas Roumane and Villas 

Kermous. The buildings walls are constructed with 

solid stone locally extracted, which is considered to 

be an eco-friendly building material. External walls 

and roof are insulated with hempcrete panels. Other 

bioclimatic concepts are applied. This report takes 

Villa Zitoune as case study for next descriptions. 

The 1st floor consists of one bedroom, two halls, a 

lobby and a kitchen; while the 2nd floor has two 

bedrooms. 

 

(a)                                                                              (b) 

Figure 135: 3D architectural sketches of the studied house: (a) North-East sight, (b) South-East sight [2] 
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Figure 136 : Architectural plans of the studied house. The thermal zones as defined in TRNSYS are indicated [2]. 

 

SITE INTEGRATION 

 

Figure 137 : Aerial view of the “V ll       

Chercheurs"        ’           g  

Located in a hot semi-arid steppe region, the project 

includes necessary facilities for living (school, market, 

club…). The construction of the 100 Villas is inspired from 

the architecture of traditional Moroccan Medina 

constructed. Each villa has its own green space 

dedicated to urban agriculture activity. 
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CLIMATE ANALYSIS  

 

 

Figure 138: Givoni Bioclimatic Chart for the climate of Ben Guerir using Andrew Marsh online tool [3]. Climate data 
are extracted from https://climate.onebuilding.org/WMO_Region_1_Africa/MAR_Morocco/MS_Marrakech-

Safi/MAR_MS_Ben.Guerir.AB.602051_TMYx.zip. 

  
Figure 139: Temperature range by month for the city of Ben 

Guerir. Source: Climate consultant – Adaptative Comfort 
model [4] 

 
Figure 140: Annual Wind rose for Ben Guerir. 
Source: Climate consultant 6.0 [4] 

 

Global horizontal radiation (Avg daily total) Min (month) 

/ Max (month) 

Min: 2530 Wh/m² (Dec) 

Max: 7573 Wh/m² (Jul) 

Mean: 4867,25 Wh/m² 

Annual Degree-Days for weather classification 

according to ASHRAE Standard 169-2020  

HDD 18°C: 987 

CDD 10°C: 3382 

Annual Degree-Days for the Adaptive Comfort Base 

Temperature according to the ASHRAE 55-2017 for 

80% of acceptability 

HDD: 1263 

CDD: 198 

Annual Degree-Days for a static comfort temperature 

approach 

HDD 18.6ºC: 1100 

CDD 26º: 380 
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KEY BIOCLIMATIC DESIGN PRINCIPLES [1] 

Passive cooling strategy  ▪ Comfort ventilation: Natural ventilation strategy is achieved 

through openings. 

▪ Nocturnal convective cooling: Wind-tower coupled with a 

pebble foundation that serves as bioclimatic thermal mass for 

cooling. 

▪ Indirect evaporative cooling: Overhangs and shadowing. 

▪ Radiant cooling: Insulated roofs, massive stone walls with 

high thermal resistance. 

▪ The soil as a cooling source: Using ground thermal inertia. 

Passive heating strategy Use of wind-tower coupled with a pebble foundation that serves as 

bioclimatic thermal mass for heating. 

Solar protection Following the standards to have the shadowed portion of the glazed 

area should be as large as possible in summer and as low as possible 

in winter. 

Building orientation  _ 

Insulation  Hempcrete 

Vegetation Each house owns a green space dedicated to urban agriculture 

activity. 

Natural daylighting Trough glazed surfaces. 

Use of local and embedded materials Stone extracted from local quarries. 

Water saving and heat recovery on hot 

water drain 

Water collection from rain. 

Waste management Wastewater treatment. 

Others features _ 

 

   

Figure 141: Key bioclimatic design principles of the « Villas des chercheurs » 
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Figure 142 : Digital model of the « Villa des chercheurs ». 

INFRASTRUCTURES and REGULATIONS to enable SUFFICIENCY ACTION 

Dressing code Informal dressing, adapted to the season, is welcome and promoted (e.g. 

short trousers and short leaves in hot periods): Yes 

Protected bike parking and 

showers 

Yes  

Ceiling fans In every room, even those conditioned: Unknown 

Lighting system fractioned to 

allow using light only in zones 

occupied and where daylighting 

insufficient 

In every room, even those conditioned: No 

Space and facilities for line 

drying clothes (especially 

important in residences, hotels, 

sport facilities…) 

In every room, even those conditioned: Yes  

Book of instruction for correct 

use of the passive features 

(windows, solar protections, 

water savings) and active 

(lighting…) in order to promote 

sufficiency and efficiency actions 

Available through leaflets and posters at relevant places, online, etc.: No 

 

 

BUILDING FABRIC AND MATERIALS [2] 

Roof Double slab of hempcrete (12 cm each) 

Overall R-value: 4.329 m².K/W 

Windows Double glazing: 6 mm thickness and 8 mm spacing filled with air 

Window-to-wall ratio (WWR): 21%  

U-value: - 

Visual transmittance: - 

Walls Double wall with natural stone shaped on site (40 cm) 

Hempcrete insulation between the walls (10 cm) 

Porphyry rock hobs (10 cm) 

External walls: Overall R-value: 2.994 m².K/W 

Internal walls: Overall R-value: 2.267 m2K/W 
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Figure 143 : External walls composition [2]. 

 

Figure 144 : Roof slab composition [2] 

 

ENERGY EFFICIENT BUILDING SYSTEMS  [1] 

Low-energy cooling systems Two cooling systems are the most interesting ones: 

First: A Wind-tower that receives and blows air into a pebble-based 

foundation which serves as thermal masse. The pebble-based 

foundation is cooled using fresh air at night. Then, the air flow 

cooled is blowed using a network of ducts into the building rooms. 

Second: Small openings on the upper part overhanging the roof are 

designed, allowing the hot upward flow to escape. This creates an 

air movement that will cool the room. 

Low-energy heating systems The Wind-tower coupled with the pebble-based foundation serves for 

heating. The pebble-based foundation is heated using solar air 

collectors. Then, the air flow heated is blowed using a network of ducts 

into the building rooms. 

Ceiling fans Unknown 

Mechanical ventilation / air renewal Wind-tower 

Domestic Hot Water A solar air collector heats water ensuring the supply in bathrooms and 

from the kitchen. 

Artificial lighting High-efficiency LED lighting (3 W/m2) 

Control and energy management None 

  
Figure 145 : Wind Tower of  the ''Villa des chercheurs”. 
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RENEWABLE ENERGY 

PV None 

Solar thermal A solar air collector for water heating. 

Wind None 

Geothermal None 

Biomass None 

 

BUILDING ANALYSIS AND KEY PERFORMANCE INDICATORS 

Thermal 

comfort 

indicators 

 

1. Percentage of time outside an operative temperature range (Adaptive) 

2. Percentage of time outside an operative temperature range (Fanger) 

3. Degree-hours (Adaptive) 

4. Degree-hours (Fanger) 

5. Percentage of time inside the Givoni comfort zone of 1m/s 

6. Percentage of time inside the Givoni comfort zone of 0m/s 

7. Number of hours within a certain temperature range  

Energy 

performance 

indicators 

 

1. Energy needs for heating (kWh/y/m2): 9.4 

2. Energy needs for cooling (kWh/y/m2): 23.2 

3. Energy use for lighting (kWh/y/m2) 

4. Energy needs for Sanitary Hot water (kWh/y/m2) 

5. Total Primary energy use (kWh/y/m2) 

6. Renewable Primary energy generated on-site (kWh/y/m2) 

7. Renewable Primary energy generated on-site and self-consumed (kWh/y/m2) 

8. Renewable Primary energy exported to the grid (kWh/y/m2) 

9. Ratio of renewable primary energy over the total primary energy use (with and without 

compensation) (%) 

10. Delivered energy (kWh/y/m2) (from electricity bills)  

Acoustic 

comfort 

indicators  

 

1. Airborne sound insulation  

2. Equivalent continuous sound Level 

3. HVAC noise level 

4. Reverberation time 

5. Masking/barriers 

Visual comfort 

indicators  

 

1. Light level (illuminance) 

2. Useful Daylight Illuminance (UDI) 

3. Glare control  

4. Quality view 

5. Zoning control 

1. Organic compound 
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Indoor Air 

Quality 

indicators 

 

2. VOCs  

3. Inorganic gases 

4. Particulates (filtration) 

5. Minimum outdoor air provision 

6. Moisture (humidity, leaks) 

7. Hazard material 

Users’ 

feedback 

- 

 

LESSONS LEARNED AND RECOMMENDATIONS 

Lessons learned - 

Recommendations - 

BUILDING STRENGTHS AND WEAKNESSES 

Strengths 

   

Passive Design Energy Efficiency Local Materials 

 Weaknesses  

- 

 

REFERENCES 

[1] « Dix cas de bonnes pratiques au Maroc ». Available at: 

http://www.archi.ac.ma/images/publications/Catalogue%20web.pdf 

[2] H. Mastouri, B. Benhamou, H. Hamdi, et E. Mouyal, « Thermal performance assessment of passive 

techniques integrated into a residential building in semi-arid climate », Energy Build., vol. 143, p. 1‑16, mai 2017, 

doi: 10.1016/j.enbuild.2017.03.022. 
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[4] Climate Consultant tool. Available at: https://climate-consultant.informer.com/6.0/ 
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CASE STUDY 10: DAR NASSIM PROJECT | MOROCCO 

       

GEOGRAPHICAL AND CLIMATE INFORMATION 

Location  35, Residence Nassim, Marrakech, Morocco 

Latitude; Longitude 31.6497350, -8.0615803  

 Code Google Maps : JWXQ+V9 Marrakech 

Climate zone (Köppen–Geiger classification) BSh: Hot Semi-Arid 

BUILDING INFORMATION 

Building Type Terraced individual housing 

Project Type Renovation 

Completion Date 2014 

Number of buildings 1 

Number of storeys 2 

Total Floor Area (m² ) 240m2 

Net Floor Area (m² ) 215 m2 

Thermally conditioned space area (m² ) 95 m2 

Spaces with Natural Ventilation (with or without 

Ceiling Fans) Only (m²) 
The whole building is naturally ventilated 

Total cost (€) 240.000  

Cost /m² (€/m²) 1000  

Performance Standards or Certification  Moroccan Thermal Regulation of Construction [1] 

Awards None 

STAKEHOLDERS 

Building Owner/ Representative Abderrahim BRAKEZ 

Architect / Designer Al Omrane Holding 

Construction manager Al Omrane Holding 

Environmental consultancy  - 

Structural Engineer, Civil Engineer - 
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Product Manufacturer  - 

Certification company - 

Others Ministry of Housing and Urban Policy as a stakeholder 

PROJECT DESCRIPTION 

 

The house was built in 2002 on a floor area of 70 m² (8.86 m 

in the East-West direction and 7.90 m in the North-South 

direction). The South and North facades are attached to the 

walls of terraced houses of the same type and of the same 

surface.  

the renovation of the house was carried out in 2014. A 

monitoring of the house was carried out before and after the 

renovation. This renovation aimed to improve the energy 

performance of the house and to carry out an extension by 

adding a solar hammam and a dining room as well as a 

bedroom [2]. 

Much of the energy consumed in this building is achieved 

through renewable energy systems. Indeed, a large part 

electricity consumed is produced by photovoltaic panels. 

Solar thermal panels are installed to provide domestic hot 

water and heating the floor of a hammam installed in the 

house after renovation [3]. 

 

 

Ground floor  

 

 

                 Vertical section of the house 

 

 

 

First floor  

 

West and East sides  
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Second floor  

 

 

Roofs  
 

Figure 146: Different views of the house after refurbishment 

SITE INTEGRATION 

 

Figure 147 Aerial view of the residence and photo 
of the house in its close neighbourhood 

The studied house, named Dar Nassim, is considered in the 

terminolog  of housing in Morocco as an „economic villa “. It 

is a new concept of habitat to qualify a product intended for 

the middle class. This product borrows its morphology to the 

model of the villa, with savings in surface area and quality of 

services.  

The house is located in a closed residence composed of 120 

houses designed according to the same plan but with 

different orientations. The building is built on a floor area of 

70 m² overlooking gardens of 30.6 m² and 25.8 m² 

respectively. 

The South and North facades are attached to the walls of 

terraced houses of the same type and of the same surface. 

 

 

 

 

Figure 148 : Situation of studied house inside the residence 
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CLIMATE ANALYSIS 

 

Figure 149: Givoni Bioclimatic chart for the climate of Marrakesh using Andrew Marsh online tool [4]. Climate data 
are extracted from http://climate.onebuilding.org/WMO_Region_1_Africa/MAR_Morocco/MS_Marrakech-

Safi/MAR_MS_Marrakesh-Menara.AP.602300_TMYx.2004-2018.zip 

 

 

Figure 150: Temperature range by month for        
Marrakech. Source: Climate consultant – Adaptative 

Comfort model [5] 

 

 

 

Global horizontal radiation (Avg daily total) Min 

(month) / Max (month) 

Min: 2959 Wh/m² (Dec) 

Max: 7517 Wh/m² (Jul) 

Mean: 5237,42 Wh/m² 

Annual Degree-Days for weather classification 

according to ASHRAE Standard 169-2020  

HDD 18°C: 768 

CDD 10°C: 3896 

Annual Degree-Days for the Adaptive Comfort 

Base Temperature according to the ASHRAE 

55-2017 for 80% of acceptability 

HDD: 1032 

CDD: 245 

Annual Degree-Days for a static comfort 

temperature approach 

HDD 18.6ºC: 863 

CDD 26º: 498 

 

Figure 151: Annual Wind rose for Marrakech [5] 
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KEY BIOCLIMATIC DESIGN PRINCIPLES 

Passive cooling strategy  Comfort ventilation: Natural ventilation strategy is activated 

through the manual opening of windows. 

Nocturnal convective ventilation: The natural ventilation 

(cross ventilation) is exploited during the night-time.  

Some of the techniques are already integrated the house 

((Insulation of facades by an air gap of 5 cm, ground 

coupling), while the others will be considered for retrofitting 

(thermal insulation of the roof and thermal insulation of 

external walls of west facade) 

Passive heating strategy Ground coupling on thermal load and double-glazed 

windows. 

Solar protection The windows of the main facades will be protected from the 

sun by their double glazing and by its light colour. The 

windows of the main facades will be protected from the sun 

by their double glazing and by its light colour.  

The shading of the west side of the roof is achieved by a 

mobile device. (Fig 3) 

Building orientation  The main facades are East and West. The North and South 

walls are adjoining walls. 

Insulation  The walls of East and West facades are insulated by an air 

gap of 5 cm. A thermal insulation by 4 cm extruded 

polystyrene (XPS) for the roof. 

Vegetation The main facades overlooked gardens of 30.6 m² and 25.8 

m² respectively. The northwest-facing corridor of the 1st floor 

is shaded by the plants and trees of the west garden. 

Natural daylighting The house faces East-West. The street facade receives the 

sun in the afternoon. The back facade of the house is in the 

morning sun. This double exposure makes it possible to 

benefit from solar contributions all day long.  

The first challenge of the renovation was to create a layout 

with interior openings on each floor. This made it possible to 

create a natural light crossing to take advantage of the 

double East-West exposure of the house. 

Use of local and embedded materials N/A 

Water saving and heat recovery on hot water 

drain 

N/A 

Waste management N/A 

Others features N/A 
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Figure 152 : Mobile shading device of the west side of the roof 

INFRASTRUCTURES and REGULATIONS to enable SUFFICIENCY ACTION 

Dressing code Informal dressing, adapted to the season, is welcome and promoted (e.g., 

short trousers and short leaves in hot periods): Yes  

Protected bike parking and 

showers 

No 

Ceiling fans In every room, even those conditioned: No 

Lighting system fractioned to 

allow using light only in zones 

occupied and where daylighting 

insufficient 

In every room, even those conditioned: Yes 

Space and facilities for line 

drying clothes (especially 

important in residences, hotels, 

sport facilities…) 

In every room, even those conditioned: Yes 

Book of instruction for correct 

use of the passive features 

(windows, solar protections, 

water savings) and active 

(lighting…) in order to promote 

sufficiency and efficiency actions 

Available through leaflets and posters at relevant places, online, etc.: No 

It is not necessary since the building is a detached residential house and the 

users are aware of how to correctly use the building. 

 

 

 

BUILDING FABRIC AND MATERIALS 

Roof • 1 cm of plaster 

• 16 cm hollow bricks with steel beams  

• 4 cm of reinforced concrete  

• 10 cm of cement mortar • 2 cm of ceramic tiles 

Overall R-value : 1.69 [m2 K W−1] 

U-Value : 0.59 [W m−2 K−1] 

Windows Double glazing 

Window-to-wall ratio (WWR) (see Tableau 1) 

U-value = 2.95 [W m−2 K−1], g-value =64 % 

Visual transmittance: - 
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Walls • 1.  cm of cement mortar  

• 10 cm red cla  brick  

•   cm of air gap  

• 10 cm red cla  brick 

• 1.  cm of cement mortar 

U-value : 0.72 [W m−2 K−1] 

Overall R-value  : 1.388  [m2 K W−1] 

Table 1 : Window-to-wall ratio of the Nassim house after renovation 

  

ENERGY EFFICIENT BUILDING SYSTEMS 

Low-energy cooling systems . The soil as a cooling source: The coupling between the 

building and the ground is very beneficial, especially in 

summer. Indeed, in an arid climate like that of Marrakech 

what matters most is the cooling load. Typically, the thermal 

inertia of the ground can reduce the annual heating / cooling 

thermal load by about 8%. 

. Smart reversible air conditioners equipped with Inverter 

technology allow 25% energy savings (all devices are in 

energy class A ++) 

Low-energy heating systems . Free solar gains are widely used in winter provided that the 

building is protected against excess gains in summer via 

shading systems, so as not to cause overheating inside the 

building. 

. Smart Inverter air conditioners with a high COP. 

Ceiling fans N/A 

Mechanical ventilation / air renewal The air renewal strategies are: 

 ▪  atural ventilation 

 ▪  octurnal ventilation 

Domestic Hot Water Domestic hot water is produced by a closed-circuit solar 

water heater with a 200 liters storage tank. 

To maximize the self-consumption of the solar photovoltaic 

production we use a smart diverter to ensure deviation of 

surplus solar production electricity towards the resistance of 

the domestic hot water tank. 

Artificial lighting The whole building is equipped with high-efficiency LED 

lighting. (100 lumens/Watt) 

Control and energy management An advanced home automation system based on an open-

source software can control temperature and lighting based 

on time of day and occupancy, reducing energy consumption 

around the home.  
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Individual thermostats in each room ensure the house is 

never over heated or over cooled and allow temperatures to 

be reduced when the room is not occupied (Figure 153). 

 

 

Figure 153 : Screenshots of the home automation management interface 

RENEWABLE ENERGY 

PV . PV system (2 kW peak electric power) is installed in the 

south-orientated roof part of the building and on the sloped 

roof. The slope chosen for the solar panels is 15 degrees to 

promote summer photovoltaic solar production and for 

aesthetic reasons (Fig. 5). 

. The electricity production by the PV panels is continuously 

monitored and compared with the instantaneous energy use 

of the building and the delivered energy (from the grid).  

Solar thermal . A 1.6 square meter solar thermal panel with a 200 liters 

tank ensures the production of domestic hot water (Fig 5). 

. Two thermal solar panels of 2 square meters each (Fig. 5) 

to heat the floor of a Hammam installed in the terrace of the 
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house. The system of solar floor heating mainly consists of 

flat-plate collectors, pump and an active layer (heating 

serpentine) integrated to the Hammam floor (Fig. 6 and Fig. 

7). 

Wind N/A 

Geothermal N/A 

Biomass N/A 

 

Figure 154 Solar thermal and photovoltaic panels installed on the roof of the house 

 

Figure 155 Scheme of the floor heating system 

 

 

Figure 156 Floor and walls heating system (T3: temperature sensor) 
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BUILDING ANALYSIS AND KEY PERFORMANCE INDICATORS 

Thermal 

comfort 

indicators 

 

1. Percentage of time outside an operative temperature range (Adaptive) 

2. Percentage of time outside an operative temperature range (Fanger) 

3. Degree-hours (Adaptive) 

4. Degree-hours (Fanger) 

5. Percentage of time inside the Givoni comfort zone of 1m/s 

6. Percentage of time inside the Givoni comfort zone of 0m/s 

7. Number of hours within a certain temperature range  

Energy 

performance 

indicators 

 

1. Energy needs for heating: 2 [kWh/y/m2] 

2. Energy needs for cooling: 3.5 [kWh/y/m2] 

3. Energy use for lighting: 2 [kWh/y/m2] 

11. Energy needs for Sanitary Hot water 1.5 [kWh/y/m2] 

4. Unconsumed photovoltaic production (mainly during autumn and winter) is routed 

by a solar power diverter to the resistance of the solar water heater. 

12. Total Primary energy use: 28 [kWh/y/m2]  

5. (Total Primary Energy Factor (PEF) equal to 2.63 for electrical energy from the grid) 

6. Renewable Primary energy generated on-site:  11.5 [kWh/y/m2] 

7. Renewable Primary energy generated on-site and self-consumed: 7 [kWh/y/m2] 

8. Renewable Primary energy exported to the grid: 4.65 [kWh/y/m2] 

9. Ratio of renewable primary energy over the total primary energy use (with and 

without compensation): 25%  

10. Delivered energy: 8 [kWh/y/m2] (see Fig. 8) 

Acoustic 

comfort 

indicators  

 

1. Airborne sound insulation: N/A 

2. Equivalent continuous sound Level: N/A 

3. HVAC noise level: 28 dB 

4. Reverberation time: N/A 

5. Masking/barriers: N/A 

Visual comfort 

indicators  

 

1. Light level (illuminance): YES 

2. Useful Daylight Illuminance (UDI): N/A 

3. Glare control: N/A 

4. Quality view: YES 

5. Zoning control: YES 

Indoor Air 

Quality 

indicators 

 

1. Organic compound: N/A 

2. VOCs: N/A 

3. Inorganic gases: YES (CO2) 

4. Particulates (filtration): N/A 

5. Minimum outdoor air provision: N/A 

6. Moisture (humidity, leaks): No 
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7. Hazard material: No 

Users’ 

feedback 

N/A 

 

 

 
Figure 157: History of electricity grid consumption in the house for one year (from November 2020 to August 2021) 

 

LESSONS LEARNED AND RECOMMENDATIONS 

Lessons learned 

The analysis of temperature and humidity measurements inside and 

outside the building before renovation gave us a general idea of the 

thermal behaviour of the house, as well as the strengths and 

weaknesses of its envelope. On the other hand, the measurements we 

made after renovating the house with and without occupancy showed 

us the positive effect of integrated systems on their thermal 

performance of the house. These bioclimatic solutions studied within 

the framework of this thesis are: orientation of the building, thermal 

inertia, thermal insulation of the envelope with its thickness and its 

optimal position, double glazing, shading devices, natural ventilation, 

underfloor heating and the integration of renewable energy systems for 

the production of hot water and for heating the Hammam space of the 

house. An optimal combination was applied to the house and was the 

basis for said renovation. Faced with the East-West orientation of the 

house which is the most unfavourable and that we cannot change it, we 

have played on other aspects which are summarized in the combination 

of roof insulation by 4 cm of extruded polystyrene, insulation of the walls 

with a 5 cm air gap, use of double glazing, use of mobile shading 

devices on the roof and windows, take advantage of natural night 

ventilation in summer. This combination has reduced the air 

temperature inside the building by 3 to 5 ° C, and it has increased the 

thermal comfort of the occupants who are very satisfied with this 

renovation. 

Recommendations 

To consume the maximum amount of photovoltaic energy produced 

instantly, in addition to the correct sizing of the installations, it is 

important to control and be able to predict production and consumption. 

Specialized regulations must emerge for thermal electrical equipment, 

in order to recover production predictions, analyze consumption, 
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prioritize energy uses by being able to control devices, and finally, 

directing towards storage if necessary. 

The IoT is presented as a real level for energy flexibility. It enables, 

through smart energy, the development towards the energy transition 

and the emergence of digital uses for smart bioclimatic buildings, using 

fossil fuels such as gas as little as possible, and sufficiently autonomous 

to claim self-consumption. . 

BUILDING STRENGTHS AND WEAKNESSES 

Strengths 

   

Passive Design Energy Efficiency Renewable Energy 

 Weaknesses  

- 
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CASE STUDY 11: DAR AMYS VILLA | MOROCCO 

  

 

GEOGRAPHICAL AND CLIMATE INFORMATION 

Location  Marrakech, Morocco 

Latitude; Longitude 31.61685854559842, -8.033311845423265 

Climate zone (Köppen–Geiger classification) BSh: Hot semi-arid steppe 

BUILDING INFORMATION 

Building Type Terraced individual housing, Villas 

Project Type New construction 

Completion Date N/A 

Number of buildings 1 

Number of storeys 2 

Total Floor Area (m² ) 1st floor:167 m2  

2nd floor: 117 m2 [1] 

Net Floor Area (m² ) 284 m2 

Thermally conditioned space area (m² ) 284 m2 (The whole building is thermally conditioned) 

Spaces with Natural Ventilation (with or without 

Ceiling Fans) Only (m²) 

284 m2 (The whole building is naturally ventilated) 

Total cost (€) 66  044 (7 000 000 MAD) 

Cost /m² (€/m²) 2 348.8 (24 647 MAD) 

Performance Standards or Certification - 

Awards - 

STAKEHOLDERS 

Building Owner/ Representative Pr. Amine Bennouna 

Architect / Designer Mohamed El Anbassi 

Construction manager Mohamed El Anbassi 

Environmental consultancy  Mohamed El Anbassi 
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Structural Engineer, Civil Engineer Mohamed El Anbassi 

Product Manufacturer  _ 

Certification company _ 

Others _ 

 

PROJECT DESCRIPTION 

Figure 158: Exterior view of the Dar Amys Villa 

The building is a villa type house located in the Marrakech 

(Morocco). The house is constituted of two floors and was 

designed to be energy efficient by integrating some passive 

techniques: overhangs, an Earth-to-Air Heat Exchanger 

(EAHX), thermal insulation of the roof and external walls. 

Water is provided from an in-site well and managed with 

smart drip irrigation techniques. Biodegradable wastes are 

recycled and used as compost for fertilization. A solar water 

heater is installed on the roof of the building. 

 

(b)                                                                              (b) 

Figure 159: Dar Amys plan view: (a) 1st floor level and (b) second floor level [2] 

 

SITE INTEGRATION 



 D3.8 – Report on 12 case studies of European and African bioclimatic buildings   

 
Page|119 

ABC21 is funded by the 
EU's H2020 programme  

Figure 160 : Aerial view of the Dar Amys Villa and 

   ’           g  

Dar Amys is a family detached house, located in a hot 

semi-arid steppe region. The villa is constructed in a green 

land of 300 m2 area. The building is located in a suburb of 

Marrakesh constituted by luxury constructions villas. 

 

CLIMATE ANALYSIS  

 

 

Figure 161: Bioclimatic chart for the climate of Marrakesh using Andrew Marsh online tool [3]. Climate data are 
extracted from http://climate.onebuilding.org/WMO_Region_1_Africa/MAR_Morocco/MS_Marrakech-

Safi/MAR_MS_Marrakesh-Menara.AP.602300_TMYx.2004-2018.zip 
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Figure 162: Temperature range by month for Marrakesh. 
Source: Climate consultant – Adaptative Comfort model 
[4]  

Figure 163: Annual Wind rose for Marrakesh [4] 

 

Global horizontal radiation (Avg daily total) Min (month) 

/ Max (month) 

Min: 2959 Wh/m² (Dec) 

Max: 7517 Wh/m² (Jul) 

Mean: 5237,42 Wh/m² 

Annual Degree-Days for weather classification 

according to ASHRAE Standard 169-2020  

HDD 18°C: 768 

CDD 10°C: 3896 

Annual Degree-Days for the Adaptive Comfort Base 

Temperature according to the ASHRAE 55-2017 for 

80% of acceptability 

HDD: 1032 

CDD: 245 

Annual Degree-Days for a static comfort temperature 

approach 

HDD 18.6ºC: 863 

CDD 26º: 498 

 

KEY BIOCLIMATIC DESIGN PRINCIPLES 

Passive cooling strategy  ▪ Comfort ventilation: Natural ventilation strategy is achieved 

through the manual openings. 

▪ Evaporative cooling: Earth-to-Air Heat Exchanger (EAHX): 

The house is air conditioned by an EAHX formed of 3 down 

tubes up to 3.50 m deep which provides 500 m³/h of air at 24 ° 

C in summer and 19 ° C in winter [||||||]. 

▪ Indirect evaporative cooling: Overhangs and shadowing. 

▪ Indirect evaporative cooling: insulated roofs. 

Passive heating strategy Unnecessary 

Solar protection Following the standards to have the shadowed portion of the glazed 

area should be as large as possible in summer and as low as possible 

in winter. 

Building orientation  Oriented east-west so that its large dimensions face south (a 

disorientation of 17 ° was tolerated) [1] 

Insulation  Envelope walls or exterior walls = 2.55 m².K/W 

Intermediate floor = 2.37 m².K/W 

Roof = 2.67 m².K/W 

Vegetation The villa is surrounded with planted trees, providing shadowing and 

natural ventilation to the house. 
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Natural daylighting The house is provided with large glazed façade oriented South which 

allows natural daylighting during the day. 

Use of local and embedded materials Fired earth bricks. 

Water saving and heat recovery on hot 

water drain 

Water is provided from an in-site well and managed with smart drip 

irrigation techniques. 

Waste management Biodegradable wastes are recycled and used as compost for 

fertilization. 

Others features Line drying spaces are available. 

 

  
Figure 164 : Passive principles set up: (a) Overhangs and shadowing and (b) Natural daylighting [2] 
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INFRASTRUCTURES and REGULATIONS to enable SUFFICIENCY ACTION 

Dressing code Informal dressing, adapted to the season, is welcome and promoted (e.g. 

short trousers and short leaves in hot periods): Yes 

Protected bike parking and 

showers 

Yes  

Ceiling fans In every room, even those conditioned: Yes 

Lighting system fractioned to 

allow using light only in zones 

occupied and where daylighting 

insufficient 

In every room, even those conditioned: No 

Space and facilities for line 

drying clothes (especially 

important in residences, hotels, 

sport facilities…) 

In every room, even those conditioned: Yes  

Book of instruction for correct 

use of the passive features 

(windows, solar protections, 

water savings) and active 

(lighting…) in order to promote 

sufficiency and efficiency actions 

Available through leaflets and posters at relevant places, online, etc.: No 

It is not necessary since the building is a detached residential house and the 

users are aware of how to correctly use the building. 

 

BUILDING FABRIC AND MATERIALS [1] 

Roof Plaster (1 cm) 

Hourd (16 cm) 

Reinforced concrete (5 cm) 

Polyurethane foam (6 cm) 

Cement mortar (6 cm) 

Floor tile (2 cm) 

Overall R-value: 2.67 m².K/W 

Windows Tempered glass. 

Window-to-wall ratio (WWR): 14.25%  

U-value: - 

Visual transmittance: - 

Walls Plaster (1 cm) 

Parpaing (15 cm) 

Laine debverre (1 cm) 

Brique de terre cuite (15 cm) 

Mortier de ciment (1.5 cm) 

Overall R-value: 2.55 m².K/W 
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ENERGY EFFICIENT BUILDING SYSTEMS 

Low-energy cooling systems ▪ The soil as a cooling source: The coupling between the 

building and the ground is very beneficial, especially in 

summer. Indeed, in an arid climate like that of Marrakech 

what matters most is the cooling load.  

▪ Earth-to-Air Heat Exchanger (EAHX) 

Low-energy heating systems Free solar gains are widely used in winter provided that the building is 

protected against excess gains in summer via shading systems, so as 

not to cause overheating inside the building. 

Ceiling fans None 

Mechanical ventilation / air renewal Natural ventilation. 

Earth-to-Air Heat Exchanger (EAHX): The house is air conditioned by 

an EAHX formed of 3 down tubes up to 3.50 m deep which provides 

500 m³/h of air at 24 ° C in summer and 19 ° C in winter. 

Domestic Hot Water Two solar water heaters with exchanger (due to limestone and risk of 

frost) totalling 4 m² ensure the supply of hot water in bathrooms and 

from the kitchen 

Artificial lighting The whole building is equipped with high-efficiency LED lighting (3 

W/m2) 

Control and energy management N/A 

 

  

Figure 165: Earth-to-Air Heat Exchanger principle (a) and construction (b) [2] 

 

RENEWABLE ENERGY 

PV Not used 

Solar thermal Two solar water heaters with exchanger (due to limestone 

and risk of frost) totalling 4 m² ensures the supply of hot 

water in bathrooms and from the kitchen. 

Wind Not used 

Geothermal The house is air conditioned by a Earth-to-Air Heat 

Exchanger (EAHX) of 3 down tubes up to 3.50 m deep which 

provide 500 m³ / h of air at 24 ° C in summer and 19 ° C in 

winter. 

Biomass Not used 
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Figure 166: Solar water heaters installed on the rooftop of the Dar Amys Villa. 

 

BUILDING ANALYSIS AND KEY PERFORMANCE INDICATORS 

Thermal 

comfort 

indicators 

 

2. Percentage of time outside an operative temperature range (Adaptive) 

2. Percentage of time outside an operative temperature range (Fanger) 

3. Degree-hours (Adaptive) 

4. Degree-hours (Fanger) 

5. Percentage of time inside the Givoni comfort zone of 1m/s 

6. Percentage of time inside the Givoni comfort zone of 0m/s 

7. Number of hours within a certain temperature range  

Energy 

performance 

indicators 

 

11. Energy needs for heating (kWh/y/m2): 15  

12. Energy needs for cooling (kWh/y/m2): 38 

13. Energy use for lighting (kWh/y/m2) 

14. Energy needs for Sanitary Hot water (kWh/y/m2) 

15. Total Primary energy use (kWh/y/m2) 

16. Renewable Primary energy generated on-site (kWh/y/m2) 

17. Renewable Primary energy generated on-site and self-consumed (kWh/y/m2) 

18. Renewable Primary energy exported to the grid (kWh/y/m2) 

19. Ratio of renewable primary energy over the total primary energy use (with and 

without compensation) (%) 

20. Delivered energy (kWh/y/m2) (from electricity bills)  

Acoustic 

comfort 

indicators  

 

1. Airborne sound insulation  

2. Equivalent continuous sound Level 

3. HVAC noise level 

4. Reverberation time 

5. Masking/barriers 

Visual comfort 

indicators  

 

1. Light level (illuminance) 

2. Useful Daylight Illuminance (UDI) 

3. Glare control  

4. Quality view 
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5. Zoning control 

Indoor Air 

Quality 

indicators 

 

1. Organic compound 

2. VOCs  

3. Inorganic gases 

4. Particulates (filtration) 

5. Minimum outdoor air provision 

6. Moisture (humidity, leaks) 

7. Hazard material 

Users’ 

feedback 

- 

 

LESSONS LEARNED AND RECOMMENDATIONS 

Lessons learned - 

Recommendations - 

BUILDING STRENGTHS AND WEAKNESSES 

Strengths 

   

Passive Design Energy Efficiency Renewable Energy 

 Weaknesses  

- 

REFERENCES 

[1] B. Benhamou et A. Bennouna, « Energy Performances of a Passive Building in Marrakech: Parametric 

Study », Energy Procedia, vol. 42, p. 624‑632, janv. 2013, doi: 10.1016/j.egypro.2013.11.064. 

[2] « Dix cas de bonnes pratiques au Maroc ». [En ligne]. Disponible sur: 

http://www.archi.ac.ma/images/publications/Catalogue%20web.pdf 

[3] « Bioclimatic chart for the climate of Marrakesh ». [En ligne]. Disponible sur: 

http://climate.onebuilding.org/WMO_Region_1_Africa/MAR_Morocco/MS_Marrakech-

Safi/MAR_MS_Marrakesh-Menara.AP.602300_TMYx.2004-2018.zip 

[4] « Climate Consultant », Software Informer. https://climate-consultant.informer.com/6.0/ (consulté le 

nov. 03, 2021). 
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CASE STUDY 12: SALAM CARDIAC SURGERY CENTRE | SUDAN 

  

 

GEOGRAPHICAL AND CLIMATE INFORMATION 

Location  Soba, Khartoum, Sudan  

Latitude; Longitude 15.509919818764784, 32.66305412641556 

Climate zone (Köppen–Geiger classification) BWh: Hot desert 

BUILDING INFORMATION [1][2] 

Building Type Hospital 

Project Type New construction 

Completion Date 2010 

Number of buildings 1 

Number of storeys 1 

Total Floor Area (m² ) - 

Net Floor Area (m² ) 14 000 

Thermally conditioned space area (m² ) Unknown 

Spaces with Natural Ventilation (with or without 

Ceiling Fans) Only (m²) 

Unknown 

Total cost (€) 1  920 960 

Cost /m² (€/m²) 1 137,2 

Performance Standards or Certification None 

Awards Aga Khan Award for Architecture 

STAKEHOLDERS [1][2] 

Building Owner/ Representative Emergency NGO - Pietro Parrino, Rossella Miccio 

Architect / Designer Studio Tamassociati - Raul Pantaleo, Simone Sfriso, 
Massimo Lepore, Sebastiano Crescini with Pietro Parrino 
and Gino Strada 

Construction manager - 

Environmental consultancy  - 

Structural Engineer Francesco Steffinlongo 

Mechanical/services engineering Studio Pasquini with Jean Paul Riviere and Nicola Zoppi 
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Product Manufacturer  - 

Certification company - 

Others Franco Binetti (Operating Theatre design) 

 

PROJECT DESCRIPTION 

Figure 167: Reception area of the Salam Cardiac 
Surgery Centre 

The Salam Cardiac Surgery Center is located in the city of 

Khartoum, in Sudan. It consists of a 63-bed hospital with 300 

local staff, with a separate medical staff accommodation 

complex that can accommodate 150 people. This centre is 

built as a pavilion in a garden with the two main buildings 

organized around large courtyards. [1] 

The design of the SALAM cardiac surgery centre followed 

three main guiding principles [3]: 

▪ the idea of a “hollow” space and a pavilion-based 

system; 

▪ the choice of the best possible technology given 

the context; 

▪ the search for an ethical language for this type of 

architecture. 

 

Figure 168: Salam Cardiac Surgery Centre exterior view 

 

 

Figure 169: Floor plan of the building 
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SITE INTEGRATION 

 

Figure 170 : A    l v  w  f  h     l   g        ’ 
surrounding  

The hospital was developed around an empty space, 

physically and ideally occupied by two huge mango trees, 

located in the center of the site (a plot on the banks of the 

Nile about 20 km from Khartoum). In keeping with 

traditional housing structures, the hospital is configured 

around a hollow space, creating angles, perspectives and 

sensations that change forever and are never monotonous. 

 

 

Figure 171: Site plan of the "Salam" centre [3] 

 

CLIMATE ANALYSIS  

 

 

Figure 172: Bioclimatic chart for the climate of Khartoum using Andrew Marsh online tool [4]. Climate data are 
extracted from 

http://climate.onebuilding.org/WMO_Region_1_Africa/SDN_Sudan/KS_Kush/SDN_KS_Khartoum.Intl.AP.627210_T
MYx.2004-2018.zip 
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Figure 173: Temperature range by month of Khartoum. 

Source: Climate consultant – Adaptative Comfort model [5] 

 

Figure 174:Wind rose for Khartoum [5] 

 

Global horizontal radiation (Avg daily total) Min (month) 

/ Max (month) 

Min: 5547 Wh/m² (Jan) 

Max: 7431 Wh/m² (May) 

Mean: 6532,33 Wh/m² 

Annual Degree-Days for weather classification 

according to ASHRAE Standard 169-2020  

HDD 18°C:  16 

CDD 10°C: 7 607 

Annual Degree-Days for the Adaptive Comfort Base 

Temperature according to the ASHRAE 55-2017 for 

80% of acceptability 

HDD: 84  

CDD: 810 

Annual Degree-Days for a static comfort temperature 

approach 

HDD 18.6ºC: 21 

CDD 26º: 2 033 

 

KEY BIOCLIMATIC DESIGN PRINCIPLES [3] 

Passive cooling strategy  Comfort ventilation: natural cross-ventilation 

Mixed modes of ventilation (NV & air conditioning) 

Passive heating strategy NA 

Solar protection Unknown 

Building orientation  The main facades of the building are oriented North/West 

Insulation  A highly performing wall made of two layers of bricks separated by an 

insulating air cavity, with small windows. These windows are closed by 

highly performing glass panels with low emissions. The external walls 

are 58cm thick and contain an insulating cavity that prevents the 

building from heating up. 

Insulation is also through an onion system of 5-centimetre internal 

insulating panels and an outer skin comprising a ventilated metal roof 

and bamboo blinds. 

Vegetation Shrubs and trees were used to protect the buildings from the heat and 

to mitigate the effects of the harsh climate. 

Natural daylighting Natural light 

Use of local and embedded materials Bamboo 

Water saving and heat recovery on hot 

water drain 

Unknown 

Waste management Unknown 
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Others features A simple, mechanical solution was found so as to filter the large 

quantities of dust and sand in the air without having to rely on costly 

and complicated filtering devices. The air is designed to pass through 

a series of tunnels- a labyrinth like structure- before reaching the air 

conditioners. By doing so, the impact of the air on the walls of the tunnel 

will allow the sand to sediment while at the same time cooling the air 

by reducing its speed. A fine spray of water at the end of the tunnels 

further eliminates the finer dust from the air and cools it down even 

more. The system needs very little maintenance work- limited to 

cleaning the tunnel-like structure- and allows the air to reach the 

conditioners filtered and 9°C cooler than when it enters the system. 

 

 

Figure 175: Vegetation and shaded waiting area of the Salam Cardiac Surgery Centre Sudan 

 

INFRASTRUCTURES and REGULATIONS to enable SUFFICIENCY ACTION 

Dressing code Informal dressing, adapted to the season, is welcome and promoted (e.g. 

short trousers and short leaves in hot periods): No 

Protected bike parking and 

showers 

Unknown 

Ratio with number of users: - 

Ceiling fans In every room, even those conditioned: Unknown 

Lighting system fractioned to 

allow using light only in zones 

occupied and where daylighting 

insufficient 

In every room, even those conditioned: Unknown 

Space and facilities for line 

drying clothes (especially 

important in residences, hotels, 

sport facilities…) 

In every room, even those conditioned: Unknown 

Book of instruction for correct 

use of the passive features 

(windows, solar protections, 

water savings) and active 

(lighting…) in order to promote 

sufficiency and efficiency actions 

Available through leaflets and posters at relevant places, online, etc.: 

Unknown 

BUILDING FABRIC AND MATERIALS 

Roof Type: Traditionally crafted thatched roofs for paths and areas for rest. 

Materials: Unknown 

Overall R-value:- 
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Windows Type of materials, thickness: Unknown 

Window-to-wall ratio (WWR): - 

U-value: - 

Visual transmittance: - 

Walls Walls are made of two layers of bricks separated by an insulating air 

cavity, with small windows. 

Thickness: 58cm 

Overall R-value: - 

 

Figure 176 : Exploded view of the building fabric. 

      

Figure 177: Bamboo sun and dust baffle 

 

ENERGY EFFICIENT BUILDING SYSTEMS [3] 

Low-energy cooling systems Solar collecting items are made up of a number of copper tubes that 

contain water; these are themselves placed in insulated glass tubes 

that allow the water inside the copper tubes to heat up. The water 
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transfers the accumulated heat to an insulated 50m3 tank that keeps 

the water at 80-90°C. The heat is then cooled down to 7°C in two 

“chilling” machines. [3] 

Solar power thus allows to produce cold without discharging any 

particles in the atmosphere, and limiting the use of electric power to 

water circulation pumps.  Two regular boilers have also been installed 

in case the solar power is not sufficient to run the two “chilling” 

machines. The cold water is used to lower the levels of heat in the 

rooms that need to be chilled for medical or other purposes. The 

machines used for this last part of the cooling circuit are called UATs 

(Units of Air Treatment). There are 8, each one designed for a specific 

area of the hospital (CPR, surgery, administration, etc). The UATs draw 

air from outside and “force” it into a   C tube that cools it down. A 

second system of tubes subsequently transports the cool air to various 

hospital rooms according to need. [3] 

Low-energy heating systems - 

Ceiling fans - 

Mechanical ventilation / air renewal - 

Domestic Hot Water - 

Artificial lighting - 

Control and energy management - 

 

 

Figure 178: View of the machine UATs (Units of Air Treatment) [3] 
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Figure 179: Principle of the cooling and filtering technological solutions 

 

RENEWABLE ENERGY 

PV A solar farm, which contains 288 solar collecting items, 

powers the water-heating system  

Surface: 1000 m2 of solar panels 

Total power: 3 600 kW 

Solar thermal - 

Wind - 

Geothermal - 

Biomass - 
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Figure 180: A solar farm of 1000 m2 powers the water-heating system. [3] 

 

BUILDING ANALYSIS AND KEY PERFORMANCE INDICATORS 

Thermal 

comfort 

indicators 

 

3. Percentage of time outside an operative temperature range (Adaptive) 

2. Percentage of time outside an operative temperature range (Fanger) 

3. Degree-hours (Adaptive) 

4. Degree-hours (Fanger) 

5. Percentage of time inside the Givoni comfort zone of 1m/s 

6. Percentage of time inside the Givoni comfort zone of 0m/s 

7. Number of hours within a certain temperature range  

Energy 

performance 

indicators 

 

21. Energy needs for heating (kWh/y/m2) 

22. Energy needs for cooling (kWh/y/m2) 

23. Energy use for lighting (kWh/y/m2) 

24. Energy needs for Sanitary Hot water (kWh/y/m2) 

25. Total Primary energy use (kWh/y/m2) 

26. Renewable Primary energy generated on-site (kWh/y/m2) 

27. Renewable Primary energy generated on-site and self-consumed (kWh/y/m2) 

28. Renewable Primary energy exported to the grid (kWh/y/m2) 

29. Ratio of renewable primary energy over the total primary energy use (with and 

without compensation) (%) 

30. Delivered energy (kWh/y/m2) (from electricity bills)  

Acoustic 

comfort 

indicators  

 

1. Airborne sound insulation  

2. Equivalent continuous sound Level 

3. HVAC noise level 

4. Reverberation time 

5. Masking/barriers 

Visual comfort 

indicators  

1. Light level (illuminance) 

2. Useful Daylight Illuminance (UDI) 
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 3. Glare control  

4. Quality view 

5. Zoning control 

Indoor Air 

Quality 

indicators 

 

1. Organic compound 

2. VOCs  

3. Inorganic gases 

4. Particulates (filtration) 

5. Minimum outdoor air provision 

6. Moisture (humidity, leaks) 

7. Hazard material 

Users’ 

feedback 

- 

 

LESSONS LEARNED AND RECOMMENDATIONS 

Lessons learned 

Temperatures often exceed 40°C in Sudan for long periods of time, often 

reaching and exceeding 50°C. It is this aspect of the Sudanese climate 

together with the presence of fine dust generated by the strong desert 

winds that has led to an in-depth study of the right type of insulation, 

cooling and filtering technologies. These technologies allow to reduce 

the energy consumption levels of the hospital while at the same time 

guaranteeing maximum levels of comfort [3]. 

The technological solutions that were sought were context-specific. In a 

country with very low levels of technology and with harsh climate 

conditions, the key features of the work were simplicity and 

innovativeness. Contrar  to the practice of providing “third world” 

structures for “third world” countries, it was thus possible to prove that 

with innovation and low-cost technology we can guarantee the same 

standards of efficient health care as in any other Western health care 

centre [3]. 

Recommendations - 

BUILDING STRENGTHS AND WEAKNESSES 

Strengths 

   

Passive Design Energy Efficiency Renewable Energy 

 Weaknesses  

- 
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ANNEX D: TEMPLATE 
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CASE STUDY X BUILDING NAME | COUNTRY 

MAP LOCATION AND PHOTO OF THE PROJECT 

GEOGRAPHICAL AND CLIMATE INFORMATION 

Location  Address, city, country 

Latitude; Longitude You can have it on google map 

Climate zone (Köppen–Geiger classification) Please select climate type according to table 1 in Annex A  

BUILDING INFORMATION 

Building Type Please select building type in table 2 of Annex A 

Project Type Please select construction type in table 3 of Annex A 

Completion Date  

Number of buildings If needed 

Number of storeys  

Total Floor Area (m² ) Please look at the nomenclature about area and space 

indicators from ISO 9836:2017 given in D3.1: Report on 

indicators of overall building energy performance. P27-29 

Net Floor Area (m² ) Please look at the nomenclature about area and space 

indicators from ISO 9836:2017 given in D3.1: Report on 

indicators of overall building energy performance. P27-29 

Thermally conditioned space area (m² ) heated and/or cooled space. If available 

Spaces with Natural Ventilation (with or without 

Ceiling Fans) Only (m²) 

If available 

Total cost   

Cost /m²  =Total cost / total floor area (or net floor area) 

Performance Standards or Certification  

Awards  

STAKEHOLDERS 

Building Owner/ Representative Name/ company, contact 

Architect / Designer Name/ company, contact 

Construction manager Name/ company, contact 

Environmental consultancy  Name/ company, contact 
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Structural Engineer, Civil Engineer Name/ company, contact 

Product Manufacturer  Name/ company, contact 

Certification company Name/ company, contact 

Others You can add others relevant stakeholders. Examples are 

given in the table 4 of Annex A 

PROJECT DESCRIPTION 

Image of the building Please describe the project and its main features ( see 

example of Enerpos building) 

Plan, elevation or sketches of the building 

SITE INTEGRATION 

Image, plan or aerial view of the building in its 

environment      

Please describe the building integration in its close 

environment ( see example of Enerpos building) 

CLIMATE ANALYSIS 

BIOCLIMATIC MAP WITH HOURLY DATA 

 

Please insert the climate data in the psychrometric chart by using climate consultant or the Andrew Marsh online 

tools available at : https://drajmarsh.bitbucket.io/psychro-chart2d.html 

To download climate consultant, please go there : 

https://climate-consultant.informer.com/6.0/ 

https://climate-consultant.informer.com/6.0/
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BOXPLOT OF TAIR BY MONTH (max/mean/min)  

Please add a screen image of the boxplot created 

thanks to climate consultant, available at 

https://climate-consultant.informer.com/6.0/ 

Please see example of Enerpos buidling 

Wind rose if available  

Please see example of Enerpos buidling 

Global horizontal radiation (Avg daily total) Min 

(month) / Max (month) 

Data from the climate consultant tool. Please see example in 

Figure 1 of Annex A. 

Annual Degree-Days for weather classification 

according to ASHRAE Standard 169-2020  

HDD 18°C: 

CDD 10°C: 

Annual Degree-Days for the Adaptive Comfort 

Base Temperature according to the ASHRAE 

55-2017 

HDD: 

CDD: 

Annual Degree-Days for a static comfort 

temperature approach 

HDD 18.6ºC: 

CDD 26º:  

KEY BIOCLIMATIC DESIGN PRINCIPLES 

Passive cooling strategy  Please see example in table 5 of Annex A 

Passive heating strategy  

Solar protection  

Building orientation   

Insulation   

Vegetation  

Natural daylighting  

Use of local and embedded materials  

Water saving and heat recovery on hot water 

drain 

 

Waste management  

Others features You can add others relevant features such as sufficiency 

features: bike storage, line drying spaces, distance from 

public transport, availability of ceiling fans, etc. 

Cross section showing the passive design principle, photo(s), etc. 

INFRASTRUCTURES and REGULATIONS to enable SUFFICIENCY ACTION 

Dressing code Informal dressing, adapted to the season, is welcome and promoted (e.g. 

short trousers and short leaves in hot periods): Yes or No 

Protected bike parking and 

showers 

Yes or No 

Ratio with number of users:  

https://climate-consultant.informer.com/6.0/
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Ceiling fans In every room, even those conditioned: Yes or No 

Lighting system fractioned to 

allow using light only in zones 

occupied and where daylighting 

insufficient 

In every room, even those conditioned: Yes or No 

Space and facilities for line 

drying clothes (especially 

important in residences, hotels, 

sport facilities…) 

In every room, even those conditioned: Yes or No 

Book of instruction for correct 

use of the passive features 

(windows, solar protections, 

water savings) and active 

(lighting…) in order to promote 

sufficiency and efficiency actions 

Available through leaflets and posters at relevant places, online, etc.: Yes 

or No 

BUILDING FABRIC AND MATERIALS 

Roof Type of materials, thickness, etc. 

Overall R-value 

Windows Type of materials, thickness, etc. 

Window-to-wall ratio (WWR) See definition in D3.1 Report 

on indicators of overall building energy performance page 39 

U-value 

Visual transmittance 

Walls Type of materials, thickness, etc. 

Overall R-value 

Image 

ENERGY EFFICIENT BUILDING SYSTEMS 

Low-energy cooling systems Description of the systems used for cooling the building 

(others than ceiling fans), type of systems, cooling capacity, 

efficiency ratio, etc. Please look at table 5 in Annex A 

A list of options are: Direct or indirect Evaporative cooling, 

ground exchanger, ground exchanger with evaporative 

cooling of the upper surface, radiative cooling, night 

ventilation, etc. 

Low-energy heating systems Description of the systems used for heating the building, type 

of systems, efficiency ratio, etc. 

Ceiling fans Description of the ceiling fans installed (company, type of 

fans, etc.), number of fans installed per room, etc. 
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Mechanical ventilation / air renewal Describe the system(s) used 

Domestic Hot Water Describe the system(s) used 

Artificial lighting Type of light bulb, Density by spaces (W/m2) 

Control and energy management Type of control, monitoring ? 

Image 

RENEWABLE ENERGY 

PV Type of technology polycrystalline, mono crystalline) 

efficiency in % or better kWp/m2, total Peak power installed, 

surface, architectural integration? BiPV ? azimuth (degrees 

from south tilt angle 

Solar thermal Collector type, Surface , etc. 

Wind  

Geothermal  

Biomass  

Image 

 

BUILDING ANALYSIS AND KEY PERFORMANCE INDICATORS 

Thermal 

comfort 

indicators 

See definition 

in D3.2 Report 

on comfort 

indicators and 

scenarios 

1. Percentage of time outside an operative temperature range (Adaptive) 

2. Percentage of time outside an operative temperature range (Fanger) 

3. Degree-hours (Adaptive) 

4. Degree-hours (Fanger) 

5. Percentage of time inside the Givoni comfort zone of 1m/s 

6. Percentage of time inside the Givoni comfort zone of 0m/s 

7. Number of hours within a certain temperature range  

Energy 

performance 

indicators 

See definition 

in D3.1 Report 

1. Energy needs for heating (kWh/y/m2) 

2. Energy needs for cooling (kWh/y/m2) 

3. Energy use for lighting (kWh/y/m2) 

4. Energy needs for Sanitary Hot water (kWh/y/m2) 
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on indicators of 

overall building 

energy 

performance  

5. Total Primary energy use (kWh/y/m2) 

6. Renewable Primary energy generated on-site (kWh/y/m2) 

7. Renewable Primary energy generated on-site and self-consumed (kWh/y/m2) 

8. Renewable Primary energy exported to the grid (kWh/y/m2) 

9. Ratio of renewable primary energy over the total primary energy use (with and 

without compensation) (%) 

10. Delivered energy (kWh/y/m2) (from electricity bills)  

Acoustic 

comfort 

indicators  

See definition 

in D3.2 Report 

on comfort 

indicators and 

scenarios 

1. Airborne sound insulation  

2. Equivalent continuous sound Level 

3. HVAC noise level 

4. Reverberation time 

5. Masking/barriers 

Visual comfort 

indicators  

See definition 

in D3.2 Report 

on comfort 

indicators and 

scenarios 

1. Light level (illuminance) 

2. Useful Daylight Illuminance (UDI) 

3. Glare control  

4. Quality view 

5. Zoning control 

Indoor Air 

Quality 

indicators 

See definition 

in D3.2 Report 

on comfort 

indicators and 

scenarios 

1. Organic compound 

2. VOCs  

3. Inorganic gases 

4. Particulates (filtration) 

5. Minimum outdoor air provision 

6. Moisture (humidity, leaks) 

7. Hazard material 

Users’ 

feedback 

Please include data obtained from Post Occupancy Evaluation with questionnaires and 

feedbacks from users (Percentage of satisfaction, thermal sensation on ASHRAE 

7point-scale, etc.) 

Please look at the report of IEA Task 40 on  Measurement and Verification protocol for 

Net Zero Energy Buildings (Noris, Napolitano, et Lollini 2013)  and this article (Lenoir, 

Baird, et Garde 2012)  for collecting and reporting data. (Available in Zotero) 

 

 

Image or graph 
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LESSONS LEARNED AND RECOMMENDATIONS 

Lessons learned  

Recommendations  

BUILDING STRENGTHS AND WEAKNESSES 

Strengths 

   

Passive Design Energy Efficiency Renewable Energy 

 Weaknesses  

 

REFERENCES 

Please add references for the case study (articles, websites, etc.) 
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ANNEX E  

 
Table 2: The Köppen-Geiger climate classification for the equatorial, arid and warm temperate climates (Kottek et 

al. 2006; Peel, Finlayson, et McMahon 2007) 

Type Description 

Af Equatorial rainforest, fully humid 

Am Equatorial monsoon 

As Equatorial savannah with dry summer 

Aw Equatorial savannah with dry winter 

BSh Hot semi-arid steppe 

BSk Cold semi-arid steppe 

BWh Hot desert 

BWk Cold desert 

Cfa Warm temperate climate, fully humid with hot summer 

Cfb Warm temperate climate, fully humid with warm summer 

Cfc Warm temperate climate, fully humid with cool summer and cold winter 

Csa Warm temperate climate with dry and hot summer 

Csb Warm temperate climate with dry and warm summer 

Csc Warm temperate climate with dry and cool summer and cold winter 

Cwa Warm temperate climate with dry winter and hot summer 

Cwb Warm temperate climate with dry winter and warm summer 

Cwc Warm temperate climate with dry and cold winter and cool summer  

 
Table 3: List of building types 

Educational 
Preschool, Kindergarten, Nursery 

School, College, University, Amphitheatre 

Residential 

Isolated or semi-detached house, Terraced individual housing, Villas 

Student residence 

Collective social or private housing 

Commercial Offices, Shopping mall, Supermarket, Hypermarket, Hostels, Eco-lodge 

Cultural 

infrastructure 

Concert Hall, Theatre, Gallery, Museum, Library, Archives, Community Halls, 

Cinema 

Sports 

infrastructure 
Indoor gymnasium, Sport halls, Stadium, Fitness facility, Swimming pool 

Health Facility 
Public or private hospital, Nursing home, Retirement home, Pharmacy, Medical 

laboratory 

Others 

Industrial 

Religious 

Government 

Transport 

 
Table 4: List of project type 

New construction 

Extension 

Extension and Refurbishment 

Renovation 

Heritage renovation 
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Table 5: List of stakeholders 

Contractor 

Assistance to the contracting authority 

Construction Manager 

Designer 

Thermal consultancy agency 

Environmental consultancy 

Construction company 

Developer 

Investor 

Manufacturer 

Certification company 

Structures calculist 

Facility Manager 

Other consultancy agency 

  

 
Table 6: Passive and low-energy cooling systems for buildings according to (Givoni 1991) 

Cooling systems Description 

Comfort ventilation “Providing direct human comfort mainl  during the da time. Da time effective 

cross-ventilation” 

Nocturnal convective 

cooling 

“Cooling of the structural mass b  ventilation during the night. When a building is 

ventilated at night its structural mass is cooled by convection from the inside, by 

passing the thermal resistance of the envelope.” 

Radiant cooling “An  ordinar  surface which 'sees' the sk  loses heat b  the emission oflongwave 

radiation toward the sk , and can be regarded as a heat radiator. “ 

Radiant cooling examples are: Massive roofs with movable insulation as radiators, 

passive solar heating and radiant cooling system (the "Skytherm"), ordinary 

insulated roofs 

Evaporative cooling “Outdoor air can be cooled b  evaporation of water before being introduced into 

the building. The airflow can be induced by natural forces (wind or temperature 

differences) or by 

a mechanical system (desert and swamp coolers).” 

Indirect evaporative 

cooling 

“Cooling of the building roof b  evaporation (either b  

wetting the roof or by having a shaded pond over the roof). The building then is 

cooled b  conduction across the roof. “ 

 

The soil as a cooling 

source 

“The earth mass under, around and sometimes also above the building, can serve 

in most climatic regions as a natural cooling source for the building, either in a 

passive or in an active wa .” 
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