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Executive summary 
 
The objective of the ARCAS project is to define the conditions to carry out construction or renovation 
operations with high environmental, energy and social performance objectives, while controlling the 
construction and renovation costs of social housing. This requires on the one hand to know and to 
make the best use of the free resources available, through a good design of the building envelope, and 
on the other hand to define and to implement the most efficient HVAC systems, giving priority to those 
which use renewable energies. 

This report aims to identify the best available technologies for social renovation strategy of social 
collective housing in the ARCAS project climatic zone. It includes the definition of indicators and the 
production of guidelines for the selection and design of passive or active HVAC systems, focusing on 
those using renewable energy. The report is structured as follows: 

- A first part (paragraphs 2 to 6) is devoted to the presentation of bioclimatic design and 
construction solutions, with the objective of minimising the heating needs of dwellings in the 
winter period, while obtaining satisfactory summer comfort conditions in order to avoid the 
use of active cooling systems. This includes first a review of the most widespread passive 
solutions used in the building sector in the context of energy efficiency and sustainability. 
Second, a proposal for retaining some indicators from a literature review in the context of the 
ARCAS project is done, to quantify the potential of environmental resources in covering energy 
needs of buildings and to evaluate the contribution of renewables. Then, application to an 
existing building as a case study, varying orientations and envelope performances allows to 
evaluate the coverage rate of heating need and a summer comfort analysis is achieved with 
shading and overnight ventilation strategies, in order to assess the validity of the proposals in 
the frame of the ARCAS project. 

- In a second part a brief description of possible HVAC systems is done, considering their 
individual or collective aspects and renewable nature or not. A special focus is given to housing 
ventilation, which is an essential aspect of ensuring a healthy indoor environment, through a 
case study comparing different ventilation systems, both individual and collective. 

- The third part focuses on defining a methodology for the integration of renewable energy in 
social collective housing. The methodologies for evaluating renewable energy use in buildings 
are described and some indicators are defined and tested. Differences between on-site and 
distant renewable production are highlighted. Among the indicators proposes, the self-
consumption and self-sufficiency ratios and the grid-support coefficient are highlighted. 

- The last part is devoted to the presentation of an analysis tool, which, based on the constraints 
and opportunities of an operation, enables the process of choosing the most appropriate HVAC 
systems for the operation under consideration. This multi-criteria framework highlights the 
importance of not only accounting for energy efficiency, but also for cost and technical aspects. 

 
 
  



                        

 

Glossary 
 

The following acronyms are used within this report: 
 
Latin letters 

 
A 

ACH 

 
Living area 
Air Change rate  

BBio Bioclimatic needs 
C Compactness 

Cep 
# ȟ 

Primary energy consumption 
Average daily exposure concentration to pollutant p 

Cp 
DHW 

Specific heat or pollutant concentration 
Domestic hot water 

Dsurf 
DSO 

Urban built density 
distribution system operator (electricity grid) 

Dvol Cubic density 
E 

ERI 
Energy 
Environmental Resources Indicators 

EPB 
HLC 
GSC 

Energy Performance of Buildings 
Heat Losses coefficient 
grid support coefficient 

HVAC Heating, Ventilation and Air Conditioning 
IAQGs 
)!1'ȟ 

Indoor Air Quality Guide values  
IAQGs for Long and Short terms exposures  

) ȟ Proposed Indoor Air Quality index for pollutant p 

NZEB 
ODH 

P 
PER 
Pt, Q 
PV 
Qinf 

Qvent 

Q4Pa 
RH 
S 
SC 

SHGC 
T 

Tic 
TSO 
U 

Nearly Zero Energy Buildings 
Overheating in degree.hours 
Power 
Primary energy renewable 
Potential 
Photovoltaic 
Air infiltration flow 
Air ventilation flow  
Air leakage of the envelope under inside-outside 4 Pa differential pressure 
Relative Humidity 
Surface 
Shape Coefficient 
Solar Heat Gain Coefficient 
Temperature 
Conventional indoor temperature 
Transmission system operator (electricity grid) 
Thermal Transmittance  



                        

 

V 
 

Volume 
 

 
Greek letters 

  
‐ Emissivity 
” Density 
ὺ Deposition rate of pollutant p 

 ɲ Solar potential  
   Emission rate of pollutant p 

 ȟ Emission rate of pollutant p for activity i 

„ Boltzmann constant 
†  Solar transmission coefficient 
† Curtain coefficient 
†  Exploitation rate 

†  Coverage rate 
†  Sheltering rate 
†  Generated needs 

†  Air change coefficient/ventilation 
‌ Solar absorption coefficient 

 
 
Indices 

 
abs Absolute 
cv Convection 

eav Outdoor average 
Env Environmental 
exp Exported 

ext, e External, outside 
Iav Indoor average 
in, i Indoor, inside 
max Maximum 
min Minimum 
rw Roof and window 
op Operative 
surf Surface 
vol Volume 
tot Total 
w Wall/window 



                        

 

1. Context 

1.1 The ARCAS Project 
 

The objective of the ARCAS project is to develop an assessment and design methodology aimed at the 
renovation of buildings and groups of multifamily housing buildings of social interest, to address 
energy poverty and promote sustainable renovation, energy efficiency and healthy indoor 
environments in the SUDOE territory. The project is based on the integration of three research axes: 

AXIS 1 - Energy autonomy - efficiency 

AXIS 2 - Social quality - energy poverty 

AXIS 3 - Air quality - health 

As a result of this integration, the work in the project is to determine the optimal relationship between 
the three mentioned axes and obtain the best energy efficiency while maintaining the social quality 
and well-being of citizens. 

ARCAS is based on the use of similar climatology in the South Atlantic region for the development of a 
tool that allows, through key indicators, the design of building architecture based on maximizing 
energy efficiency, air quality and thus promoting social welfare, making use of the best available 
techniques, including renewable energy sources. 

This project combines efforts to develop strategies and measures that facilitate the development of 
policies, at national, regional and local governments scale, for the renovation of multifamily housing 
buildings with great autonomy and energy efficiency (axis 1), with healthy air quality for building 
occupants (axis 3) and reducing energy poverty, which is so important in many European countries 
(axis 2).  

ARCAS results and outcomes will be applicable and reproducible in the public and private institutions 
participating in the project and will be especially useful for professional associations, manufacturers, 
builders and for national, regional and local public administrations. 

The Action Plans that will be developed in an integrated manner on the three axes of the research 
project by ARCAS beneficiaries, in collaboration with ARCAS associated partners, constitute a key 
element that will ensure the transfer of knowledge to the entire SUDOE territory, as well as the future 
sustainability of the ARCAS methodology. 

From a methodological point of view, the project is structured in different Work Packages (WP). In the 
first phase, the indicators that will be used in the ARCAS methodology are defined. These indicators 
are proposed within the first four Work Packages, as well as the specifications and protocols for their 
quantification. Those four Work Packages are specifically: 

WP 1 - Climate indicators selection 

WP 2 - Selection of energy efficiency indicators in residential buildings 



                        

 

WP 3 - Selection of indicators on best technologies available in renewables 

WP 4 - Selection of social quality indicators 

In WP 5, the ARCAS methodology will be developed and implemented in a computer tool. Therefore, 
it is essential that the indicators selected in the previous WPs can be measurable and evaluable, in 
addition to being compatible with their application to different types of residential buildings and in 
different countries. 

The methodology will be validated in WP 6. For this, a set of demonstration buildings will be selected. 
As selection criteria, buildings that include a casuistic representative of the three axes considered and 
the three countries of the consortium will be sought. 

WP 7, WP 8 and WP 9 encompass the part of the project that can be considered as the capitalization 
part. More specifically, in WP 7, the ARCAS certification procedure will be detailed, generating a series 
of guides for project owners, and other relevant actors that will audit ARCAS projects. This work will 
be carried out in coordination with the associated partners of the project. As for WP 8, this group of 
tasks has as its main objective the training of professionals, and to achieve it, a training program will 
be defined to train professionals in the application and certification of the ARCAS method, and a pilot 
program will be provided training in professional institutions that belong to the ARCAS project value 
chain. Finally, in WP 9, strategies will be developed to establish new sustainability, energy efficiency 
and social quality policies in the renovation of multifamily buildings of social interest. This includes, 
amongst others, proposals for renovation policies, financing models and criteria to prioritize 
interventions. For that, the indicators defined in WPs 1 to 4 will be used and will be carried out in 
coordination with the public administrations and private organizations associated with the ARCAS 
project. 

 

1.2 WP 3. -Selection of indicators on best available renewable technologies 
 
The objective of WP3 is to identify the best available technologies for social renovation strategy of 
social collective housing in the ARCAS project climatic zone. It includes the definition of indicators and 
production of guidelines for the selection and design of passive or active HVAC systems, focusing on 
those which use renewable energy. Two main steps can be identified: 

1. Establish a catalogue of usual bioclimatic design solutions and the best passive heating, 
ventilation and cooling solutions adapted to the climates of the ARCAS-SUDOE zone 

2. Propose indicators for energy efficiency, technical and economic aspects, health quality for 
active systems with a focus on those which use renewable energy. 



                        

 

2. Bioclimatic approach and related indicators 

2.1  Generalit ies 

The bioclimatic approach allows during the design phase of a project to optimize the potential 
for the use of free inputs (solar in particular), in order to reduce heating needs, while ensuring 
good comfort conditions in all seasons, with particular attention to mid-season periods, which 
are conducive to the risk of overheating, and to a lesser extent the summer period. 
It is not a question here of a comprehensive bioclimatic design guide, many already exist, but 
of recalling some basic principles and focusing on common elements of the design of a 
building, by reviewing the elements/arrangements that seem most relevant in the context of 
a collective social housing operation, which is often financially constrained. Thus, effective 
solutions that are judged a priori out of the financial reach of a social housing landlord will not 
be included in this inventory. 
 
This approach can be applied at the level of the plot or neighbourhood as well as one or more 
buildings in the same operation. 
 
At the scale of the neighbourhood or plot, this approach results in the use of the opportunities 
of the site, for example for protection against prevailing winds in winter with the presence of 
reliefs, trees or hedges, which may also provide protection or mitigation of noise. If these 
elements do not exist, they can be carried out during the development work. The diagram of 
road networks and green spaces is an essential element of a good design that will structure 
the plot and allow the definition of a mass plan of buildings allowing access to the solar 
resource, the protection of views between dwellings [1], the protection from noise nuisance 
in relation to vehicle trafficΧ This is obviously simpler for a new development project than for 
existing built plots. 
It is also at this scale that the realization of a green frame with green patches, paths or 
networks between vegetated basins, pools or ponds are all elements that will allow to mitigate 
the effects of urban heat patches [2] and to promote the reception and circulation of ordinary 
biodiversity. 
 
At the building scale, we can distinguish different items, which are declined in the following 
chapters: aspects related to the orientation and morphology of the building, the quality of the 
envelope, which will allow to minimize the losses/ thermal loads by making the best use of 
the free resources (solar in particular) while guaranteeing a good comfort of use in all seasons. 
 

2.2  Building orientation 

Building orientation and layout are considered as one of the most effective strategies used in 
passive heating [3]. An appropriate orientation is a low-cost option to optimize the solar heat 



                        

 

gains on a façade and to prevent from strengthening of thermal losses from wind. It 
consequently decreases energy bills [4], [5]. Therefore, in the Northern hemisphere, the best 
orientation for a rectangular building is to have its long side facing south in order to benefit 
from direct solar radiation during winter (North facing in the Southern hemisphere). 
 
Of course, orientation of existing buildings cannot be changed, but this highlights the 
importance to well design the mass plan and the road networks for a new development 
project. 
 

2.3  Morphological considerations and related indicators 

The morphology indicators are related to the built density, the compactness of the buildings 
and directly impact heat losses and gains of a building [1]. 
 

2.3.1 Urban built density 

The urban built density indicator, Dsurf, consists in the ratio between the ground occupation 
surface and the total area of the project. The more important Dsurf is, the more natural soil is 
neutralized (with a significant reduction in water infiltration for example). The cubic density, 
Dvol, defined as the ratio between the built volume and the area of the urban territory 
represents the average height of the buildings, expressed in meters. 
The importance of these two indicators relies in the fact that they define surface optimization 
related to the profitability of public services and equipment and the relative importance of 
mineralized or vegetated areas. They are also related to economic aspects in terms of 
consumption of the costly urban space as well as the complexity of the urban distribution 
networks. These indicators can also be involved in social aspects regarding the concentration 
of the residents for example.  
 

2.3.2 Compactness 

The compactness indicator, C, estimates the ratio between the exchange areas of the 
envelope and the floor area; the building envelope includes walls, ground and roof. The lower 
C value is, the more compact the building is. This indicator can be used to compare different 
configurations and then gives an idea about the differences in the outdoor envelope surfaces. 
A more accurate approach is to split C into two parts: C1 for the exchange areas of ground and 
roof, C2 for the walls only. This results in C = C1 + C2 (Figure 1). C1 decreases with the number 
of floors and C2 reflects the building morphology [1]. 
 



                        

 

 
Figure 1: Examples of various compactness configurations [1] 

 
Building compactness is also linked to its shape coefficient (SC) calculated through the ratio 
between the external surfaces area of the building and its inner volume. It highly impacts the 
heat losses, as for a given volume, a higher shape coefficient entails lower building 
compactness and therefore higher heat losses through the building envelope (Figure 2). It then 
should be minimized to passively reduce heat losses, and it also has an influence on the 
construction costs and maintenance expenses (for a given volume, the more compact the 
building, the less the area of the envelope). 
 

 
Figure 2: Influence of the compactness and shape coefficient on buildings heat losses 

 

2.4 Building envelope properties 

The building envelope needs to have high performances, both in terms of insulation properties 
of opaque and glazed surfaces and for air tightness, in order to decrease the heat losses, to 
optimize the free gains and to ensure a sufficient air change rate for healthy indoor conditions. 
  



                        

 

2.4.1 Thermal insulation of opaque walls 

The choice of an insulation material for opaque walls is influenced by its physical properties, 
mainly thermal conductivity, density and effusivity, and also by its cost. Bio-based materials 
are generally more expensive than άconventionalέ ones and presents higher thermal 
conductivity, but also higher density which is an advantage for the dynamic thermal behaviour 
of a building, particularly when associated with inner insulation. The bio sourced nature of a 
material can also be a choice criterion for the decision-maker through sustainability or LCA 
considerations. 
 
The U-values of the different walls of a building must comply with the regulations of each 
country, both for new buildings as well as for the renovation of old buildings, when present.  
 
Some examples: 

- In France, the RT2012 regulation [6] imposes different levels for renovation operations 
following the impacted net floor area of the project. For an area below 1000 m², 
performance conditions are imposed element by element: 
 

Table 1: Minimum performances of some walls for the H2 climatic zone of the French thermal 
regulation for an element by element renovation project [6] 

Wall type 
or glazed 
element 

Outside 
vertical wall 

Roof 
terrace 

Roof, other 
cases 

Floor, 
general 

Windows and 
glazed doors 

Rmin 
(m².K/W) 

2.9 3.3 4.8 2.7 1.9 

 
For renovation areas higher than 1000 m² and buildings older than 1948, element by 
element performances approach also applies. For more recent buildings, the 
requirements apply on the overall envelope performance (RT2012 requirements for 
new buildings [6]) if the renovation cost of the project is lower than 25% of the actual 
value of the building, or element by element otherwise. 
 

- In Portugal, only new buildings and existing buildings with major renovations must 
comply with the regulation requirements. Major renovations are defined according to 
EPBD [7]. The minimum reference values per element vary depending on the three 
climate zones defined in national regulations according to Table 2. 

 
Table 2: Reference U values for Continental Portugal (W/(m2.K)) [7] 

 Climate Zone 



                        

 

 Building envelope zone   I1 I2 I3 

in contact with exterior environment Vertical opaque elements 0.50 0.40 0.35 

  Horizontal opaque elements 0.40 0.35 0.30 

in contact with other buildings Vertical opaque elements 0.80 0.70 0.60 

  Horizontal opaque elements 0.60 0.60 0.50 

Windows and glazed doors 2.80 2.40 2.20 

In contact with soil 0.50 

 
Moreover, from January 2021, both new buildings and major renovations must comply 
with the nZEB standard as it was defined for the Portuguese context [8]: 

1. The heating energy needs should be lower or equal to 75% of the maximum value 
defined in regulation; 

2. The primary energy needs should be lower or equal to 50% of the maximum value 
defined in regulation; 

3. Renewable energy should supply at least 50% of the primary energy needs. 
In existing buildings, verification of the relation between energy needs and the 
maximum value is subjected to distinctive coefficients depending on the age of the 
building (1-Previous to 1960, 2- Between 1960 and 1990 and 3- Between 1990 and 
2012, 4- After 2012). 
 

- In Spain, in the case of small renovations (<25% of the envelope) limitation applies 
only to the elements modified in the renovation according to the limit values of Table 
3 and Table 4, while larger renovations must comply with the whole CTE DB-HE 2019 
Spanish regulation [9]. 
 

Table 3: Transmittance limit values (Ulim) for small renovations (< 25% of the envelope) for the C and 
D winter climatic zones in the Spanish thermal regulation 

Ulim element (W/(m2.K) Winter climatic zone 

C D 

Wall and floor in contact with outside air 0.49 0.41 

Roofs in contact with outside air 0.40 0.35 

Walls, floors and roofs in contact with non-
habitable spaces or with the ground 
Partition walls  

0.70 0.65 

Openings (set of frame, glass and, where and, if 
applicable, shutter box) 

2.1 1.8 

 
Table 4: Air permeability limit value (Q100,lim) of thermal envelope openings 



                        

 

 Winter climatic zone 

C D 

Q100, lim (h-1) Җ 9 Җ 9 

 
- Recommendations for satisfying the Passivhauss objectives are respectively Uw Җ 0.15 

W/(m2.K) for the outside opaque walls and 0.8 W/(m2.K) for the glazed walls, whatever 
new or renovated building. 

 
 
Although, high insulation levels should be coupled with suitable ventilation techniques to 
ensure the preservation of the heritage and prevent mould, and in a general way to ensure 
satisfactory healthy conditions for the occupants. 
 

2.4.2 Thermal bridges 

The treatment of the thermal bridges needs special attention. If they can be easily dealt with 
a new building, they constitute a critical point for renovation of existing buildings. Outside 
insulation presents a decisive advantage compared to inner one for the intermediate floors 
thermal bridges, whilst windows frames are a more difficult point to deal with. Balconies and 
outdoor terraces cause significant thermal bridges and are always a tricky point to consider in 
a renovation project. 
 

 
Figure 3: Example of a thermal bridge on a balcony 

 
2.4.3 Glazed walls 

Glazed surfaces and frames must be performant in terms of heat losses (Uw), solar gains (Solar 
heat gain coefficient SHGC), and light transmission (TL factor of the glasses). They must also 
present good characteristics for the wind and rain permeability, as well as for acoustics. 
Depending on the country or region, minimum performances may be required for glazed walls 
to obtain financial aid for the thermal renovation of housings (this is generally true also for 
the opaque walls performances). 



                        

 

 
2.4.4 Airtightness of the envelope 

Particular attention should be paid to the air permeability of the envelope in order to control 
as well as possible the air change of dwellings to ensure good indoor air quality and to limit 
the thermal losses related to infiltrations. Energy retrofit projects provide opportunities to 
improve the air permeability of old buildings, which is often very important in particular 
because of the leaky frames, and to implement an efficient ventilation system with controlled 
air intakes. 
 
Airtightness must be consistent with the thermal performances of opaque and glazed walls. 
The more efficient they are, the less air permeability must be. As an example the n50 
coefficient required for Passivhauss label must be less than 0.6 h-1 for new or renovated 
buildings. 
 
The overall performance of a building envelope with respect to the total thermal losses 
(transmission and total air change) can be evaluated through the Heat Loss Coefficient HLC 
[W.degree-1]. 
 

2.5 Access to the solar resource 

The potential of solar radiation and the possibility to benefit from natural light for a given 
dwelling in its environment is related to the area of sky that is visible from any point. This area 
depends highly on the building morphology itself, but also on the nearby environment: masks 
due to other buildings, trees, etc that can reduce drastically the access to the solar resource. 
 

 
Figure 4: Illustration of the availability of natural light on a terrace (left) and to buildings with 

concave angles (right) [1] 

 



                        

 

2.5.1 Daylight Factor 

For inner environment, the subjective daylight quality is usually calculated through the 
Daylight Factor, DF, which is the ratio of inside illuminance, Ein, over outside illuminance, Eext, 
at a fixed point under an overcast sky: 
 

DF = 100 * Ein / Eext      [%] 
 

The higher the Daylight Factor is, the more natural light is available in the room and the less 
artificial lighting is required: 

- Rooms with DF < 2% look gloomy and artificial lighting is needed most of the time, 
- 2% to 5% DF rooms are considered well daylit with a good balance between natural 

lighting potential and artificial lighting needs, 
- DF > 5% rooms are strongly daylit and can present risks of overheating in summer and 

important heat losses in winter. 
 

 
2.5.2 Solar gains through glazed surfaces 

For medium latitude zones, such as the SUDOE zone, East and West facing vertical glazed 
surfaces are critical during the mid and hot seasons and may lead to overheating and 
discomfort.  
On the other hand, South orientation receives the highest amount of energy during the 
heating season and the glazed surfaces on these facades are quite easy to protect in summer 
from direct solar radiation with balcony, roof overhang, etc. Nevertheless, one must have in 
mind that diffuse and reflected radiations are also crucial to deal with, because they constitute 
an important part of the total solar radiation received on a vertical façade. 
 

            



                        

 

Figure 5: Decomposition of the solar radiation received by a vertical South facing wall in La Rochelle 

Similarly, attention must also be paid to incline glazed surfaces, such as canopies or roof 
windows, which are interesting for natural lighting but often bring much energy. 
 
Different indicators can be proposed for these surfaces and the related solar gains, such as: 

- The ratio of glazed surface, defined as an example for the French regulation as the 
ratio between the total glazed surface and the living area of a dwelling, whatever the 
orientation and inclination of the surfaces [-], 

- The daily, monthly or annual solar energy entering a room by glazed surfaces, 
relatively to the living area of the dwelling [Wh/m².time unit] 

 

2.6 Reducing the thermal summer discomfort 

As said before, solar gains can cause overheating and discomfort situation in mid and summer 
periods due to high and uncontrolled solar gains. 
  
A few points of attention make it possible to reduce these situations passively and to avoid 
the use of active air-conditioning systems, or at least to reduce their power. They also can 
avoid the installation of air conditioners once the building is delivered for handling discomfort 
problems poorly treated at the design stage. 
 

2.6.1 Shading systems 

The main purpose of shading systems is to reduce heat gains and indoor temperature increase 
due to surrounding factors caused mainly by solar radiations [10]. The application of shading 
techniques is much various through different ways, using static or semi-mobile components: 
building orientation and shape, overhangs, eaves, rolling shades and self-shading. Passive 
shading is categorized as fixed shading devices and adjustable shading devices [11].  

-     Fixed shading devices can be horizontal, vertical, or a combination of both.  Horizontal 
shading devices are effective on the equatorial facing facades where the sun altitude 
is high, which makes them suitable for the summer months. Vertical shading devices 
are recommended in the East and West directions, characterized by low solar altitude 
where the entire window faces the sun. They perform better when placed on the polar 
side, perpendicular to the windows. Beyond the fixed techniques, the most common 
are overhangs, horizontal louvres, light shelf and blind systems.  

-      Adjustable (movable) devices can be operated by the user or sensor automated. 
Internal or external protection techniques exist, but external shading systems stop the 
sun rays before entering the room and prevent most of the solar energy from reaching 



                        

 

the indoor ambiance. Their performances are generally higher than internal shading 
devices ones and must be preferred. 

 
Figure 6: Overview of fixed shading types [11] 

Intelligent or self-adaptive facades are special cases of mobile shading systems that involve 
components attached to the building envelope or openings able to adjust their performance 
according to surrounding changes in the environment. Different types of intelligent facades 
exist [12], such as kinetic facades, able to adjust their shape, form, orientation or openings to 
face dynamically environmental conditions such as temperature, relative humidity or wind 
velocity [11]. 

 
Figure 7: Schematic of kinetic facades [13] 

  
However, they are very expensive and are more suitable for tertiary buildings than for social 
buildings. 
 
On the contrary, interest in more traditional shading systems in the residential sector is high 
because of their affordability, low maintenance requirements and relatively easy 
implementation, both for new construction and for the renovation of existing buildings. 
 



                        

 

2.6.2 Double skin and solar facades 

Other complex types of facades can also be mentioned, which allow the management of light 
and solar energy: 
 
Open joint ventilated facades 

They generally use external metallic frame holding opaque coatings like metal or ceramic. 
The geometrical assembly of the facade involves an air gap between the building envelope 
and the coating, enhancing the ventilation [14]. 

Double-skin facades 
Double skin facade consists in two skins (building envelope covered over by a glazed skin) 
placed in such a way that it let air to flow in the intermediate cavity and thus provide 
ambient room temperature. The skins can be ventilated or air tightened. In this type of 
facades, the air cavity situated in between the skins is naturally or mechanically ventilated. 
 

Double-glazed facades 
They refer in general to the use of double-glazed windows consisting of two layers of glass 
separated by an air cavity. 

 
Solar facades 

Solar facades are based on the integration of photovoltaic cells in the building facades. 

These technologies are however more affordable for office buildings than for residential 

buildings.  

 

2.6.3 Vegetated facades 

A more and more used passive outdoor sun protection consists in vegetating the facades with 
deciduous plants, which allows to pass the light in winter and to more or less obscure the 
facade in summer. This also contributes to reduce the urban heat island locally through 
evapotranspiration phenomena and to purify the outside air. 
 



                        

 

    
Figure 8: Example of vegetated facades 

2.6.4 Roof treatments 

2.6.4.1 Green roofs 
The same idea of using vegetation to reduce solar gain also applies to roofs, which can be 
treated in different ways: 

- with a consequent thickness of substrate, which makes it possible to plant shrubs and 
plants, 

- with a low substrate thickness, vegetated with plants that require little water and 
maintenance such as sedans. 

 
In both cases, the insulation and inertia of the roof are increased and these devices contribute 
to reduce the urban heat island [15]. They also regulate rainwater supplies in drainage 
systems. 
 

 
Figure 9: Example of vegetated roofs (left: https://ideat.thegoodhub.com/2017/09/14/architecture-huit-

projets-inspirants-de-toits-vegetalises/; right: -http://flickr.com) 

 

2.6.4.2 Cool roofs 
Metal and flat roofs (mainly) may be subject to selective coating treatments. These radiation-
based passive techniques allow a significant proportion of solar radiation to be re-emitted 

https://ideat.thegoodhub.com/2017/09/14/architecture-huit-projets-inspirants-de-toits-vegetalises/
https://ideat.thegoodhub.com/2017/09/14/architecture-huit-projets-inspirants-de-toits-vegetalises/


                        

 

compared to conventional coatings [16], [17]. The cool coating solution mitigates roof surface 
temperatures, temperature gradients in the roof, and thus thermal loads in the building [15]. 
 

  



                        

 

3. Passive systems for heating and cooling 
 
After having seen how to design the envelope of a building so that it presents the best 
performance in terms of insulation and summer comfort, we will now focus on HVAC systems 
to achieve comfortable living conditions for the occupants.  
Active systems will be considered next, and initially we will look at some passive or near-
passive systems, i.e. those that use little or no electrical or mechanical energy. These systems 
are an integral part of the bioclimatic approach, complementing the envelope design. 
 

3.1 Trombe wall and solar chimneys 
Basically, a Trombe wall is a solar collector consisting of a high inertia wall placed behind a 
glass surface and connected to the room to be treated by air inlets in the lower and upper 
parts of the wall (Figure 10). The role of the wall is to absorb and store heat in its thermal 
mass. In heating mode, cold air from the room enters through the bottom opening in the space 
between the wall and the glass, heats up along the wall and enters the room through the top 
inlet. In order to prevent from overheating in summer periods, the exterior glass can be 
obscured and/or the internal face of the wall can be insulated. 

 

 
Figure 10: Trombe wall scheme 

Trombe wall allows to reduce heating energy consumption by 20 to 40 % in cold climatic 
conditions [18]. Its impact on cooling energy needs varies between 30 % and 50 % in hot and 
dry or hot and humid climates [11] and could reach 60 % in Mediterranean climates [19]. They 
are however rather encountered in individual houses and reserved to strong thermal inertia 
and moderate insulated constructions in order to avoid too abrupt temperature variations and 
risk of overheating. 
 



                        

 

Many variations of the basic principle of the Trombe wall exist. One of them is to create a solar 

chimney by adding openings on the glass part (Figure 10, Figure 11).  

Closing the damper A and the upper vent, the solar heated air between the wall and the 
glazing generates buoyancy forces that draw the room air from the lower vent letting the 
heated air to flow out via open damper B in a natural ventilation mode. It can also operate as 
an insulation layer to reduce heat gains of the room. 

 
Figure 11: Solar chimney used for cooling mode [20] 

 

3.2 Geothermal air pre-heating or cooling 
DŜƻǘƘŜǊƳŀƭ ŜƴŜǊƎȅ ƛǎ ǘƘŜ ǇŀǊǘ ƻŦ ŜŀǊǘƘΩǎ ƘŜŀǘ ǘƘŀǘ Ŏŀƴ ōŜ ŜȄǇƭƻƛǘŜŘΦ 5ŜŘƛŎŀǘŜŘ ŀǇǇƭƛŎŀǘƛƻƴǎ 
use the earth temperature near the surface (shallow geothermal) or through deep boreholes 
(deep geothermal) [21]. The ground acts as a heat source in the heating season and as a heat 
sink when cooling is needed. 
The potential of the ground can be used with semi-passive ventilation systems or by active 
systems, either by directly using the heat of the ground at medium or low temperature (water 
direct geothermal heating), or by the use of heat pumps for heating and/or cooling but also 
for Domestic Hot Water (DHW) production. 
 
Pre-heating or cooling the supply air entering a building can be achieved by the use of so-
called earth pipes, which are pipes buried at shallow depth (typically between 1 and 2 m). 
 
The air can then be blown directly in the rooms (single flow ventilation systems, Figure 
12Figure 1) or coupled to a heat recovery exchanger (dual flow ventilation systems, Figure 

13¡Error! No se encuentra el origen de la referencia.). 
These systems are more efficient in the climates with strong temperature differences between 
day and night, or contrasting climates [22]. 

 

https://en.wikipedia.org/wiki/Heat_recovery_ventilation


                        

 

 
Figure 12: Schematic of an earth-pipe system for air pre-heating and cooling 

 
 

 
Figure 13: Ground heat-exchanger coupled to a dual flow ventilation system 

3.3 Free cooling and night-time over-ventilation 
Free cooling is encountered in tertiary buildings equipped with air handling units and 

consists in switching to full fresh air ventilation mode when the outside air is colder than the 
inside air, without changing the flow rate. 

Over-ventilation techniques consist in increasing the supply air flow rate by a significant 
amount (of the order of 3 ACH, instead of typically 0.5 ACH for basic ventilation). They are 
mainly used during night-time when the outside air allows to release the heat absorbed by 
the building thermal mass and to cool it, thus delaying the need for active cooling in day time 
[23]. 

 



                        

 

Over-ventilation can be used under almost every climate condition. However, its effectiveness 
is not guaranteed when the outdoor temperature is exceedingly high, or when the daily 
temperature amplitude is insufficient [24]. In fact, climates with high diurnal ranges are the 
most suitable to benefit from, while in contrast, hot-humid climates with warmer nights are 
generally less appropriate. Furthermore, as other natural ventilation techniques, it can be 
combined with solar chimneys and/or wind towers to be improved [25]. 
 
For residential buildings, over-ventilation can be achieved by natural ventilation or mechanical 
systems, through either individual or collective installations. Principles of natural or 
mechanically-assisted ventilation are presented in Figure 14 [26]. 

 
 

Figure 14: Principles of natural or mechanically-assisted  ventilation in dwellings [26] 

Floor-through housing (Figure 14: Principles of natural or mechanically-assisted  ventilation in 

dwellings Figure 14.a) is favourable to cross ventilation. Stack effect ventilation (14.c) is 
favoured for flats located on several levels and hybrid ventilation (14.d) requires the presence 
of shunt ducts in the flats. Single-sided dwellings are not very conducive to natural over-
ventilation. 
 
Finally, floors can be used as thermal storage reservoirs through hollow core slabs associated 
to night-time over-ventilation systems or active air-cooling systems [27]. 

14.a: Natural cross ventilation 14.b: Natural single-side ventilation 

14.c: Natural ventilation by stack effect 14.d: Mechanically-assisted natural 
ventilation (hybrid ventilation) 



                        

 

  



                        

 

4. Definition of some bioclimatic indicators 
 
From the previous elements, we can now consider defining bioclimatic performance indices 
of a building, with two approaches: 

- one that focuses on defining the intrinsic performance of the building envelope to 
reduce energy needs and ensure summer comfort situations, 
- the other that considers the ability of the envelope to recover and use free inputs 
from different sources such as the sun, the outside air, the sky vault... 
 

4.1  Example of a bioclimatic indicator: the Bbio indicator of the French 
thermal regulation 

An example of a bioclimatic indicator related to the quality of buildings with regard to their 
design and their ability to use the free resources of the environment is obtained from the 
French thermal regulation [28]. 
This regulation includes three performance requirements for new buildings: 

Á bioclimatic needs of the building (Bbio); 
Á primary energy consumption (Cep); 
Á conventional indoor temperature (Tic), related to summertime thermal comfort; 

which must respect maximum conventional values. 
 
The Bbio indicator permits to characterize the impact of the building design on its energy 
demand for heating, cooling (if needed) and lighting, independently of the systems 
subsequently implemented. It is defined as: 
 

Bbio = 2 x Heating need + 2 x Cooling need + 5 x Artificial lighting need 
 

This value must be less than a Bbiomax level depending on the dwelling characteristics 
όƛƴŘƛǾƛŘǳŀƭΣ ŎƻƭƭŜŎǘƛǾŜ Χύ ŀƴŘ ŎƭƛƳŀǘƛŎ ǎƛǘǳŀǘƛƻƴΦ 
To achieve this bioclimatic requirement, the building design must promote several 
parameters: insulation and air tightness of the envelope, inertia of the structure, favourable 
exposure, compactness, and access to natural lighting and solar gains. 
 
The very next 2022 regulation will retain the Bbio indicator, as well as the Cep, but abandons 
the Tic indicator in favour of an hourly indicator of discomfort. 
 



                        

 

4.2  Definition of some passive energy recovery performance indicators 

This section focuses on the definition of some indicators of building performance in terms of 
coverage rate and recovery of free gains that could be interesting in the ARCAS context. It is 
mainly based on the work of Chesné et al. [29].  
 
Starting from the nomenclature of EPB Annex under EN-ISO 52000-1:2017 [30], we define in 
a heating situation: 

- The raw need of a building which correspond to the energy need for balancing the 
heat losses (transmission and ventilation losses),  

- The useful free gains (solar, internal) 
- The energy need or net energy need, which results from the raw need minus the useful 

free gains. 

In a cooling situation, the energy need will be the sum of the raw need plus the free gains. 
 

 
Figure 15: Schematic view of the energy need for heating [30] 

 
Chesné et al., [29], [31] ŎƻƴǎƛŘŜǊ ŀƴ ŜȄǘŜǊƴŀƭ ŜƴŜǊƎȅ ǎƻǳǊŎŜ ŀǎ άǳǎŜŦǳƭέ ƛŦ ƛǘ ƛǎ ŜŦŦŜŎǘƛǾŜƭȅ 
available in the environment when the building needs it. Thus, difference can be made 
between two types of needs in buildings: residual needs and real needs. 



                        

 

Á Residual needs are those which correspond to the energy which can be delivered by 
energy simulation software or measured on-site in the presence of all the available 
sources and systems: in other terms, they correspond to the net building energy needs 
considering useful gains (energy need in Figure 14Figure 15). 

Á  Real needs represent the energy demand in the absence of the potential source 
studied (raw needs).  

 

The difference between the raw energy and (net) energy needs results in the exploited 
potential, Ptexp, of the source. Therefore, two sets of indicators are defined: potential 
indicators and performance indicators, in order to evaluate the natural resources potentials 
regarding building energy needs and on the other hand to assess the building capacity to take 
advantage of these resources (Figure 16). 
 

 
Figure 16: Bioclimatic indicators according to Chesné et al. [29] 

 
4.2.1 Potential sources indicators 

Two potentials are defined for each external energy source:  

 

4.2.1.1 Total potential Pttot 
Pttot(t) represents the total energy potential provided by a source at each instant. 
For the sun, the solar total potential includes both direct and diffuse incoming radiation on 
the building walls at each time step:  
 



                        

 

ὖὸ ὸ ᶮ ᶮ Ὓ  

where ɲ  is the heat flux and Ὓ  the walls surface. 
 
Such a potential can also be defined for the sky, which consists of the net heat flow exchanged 
between the sky vault and the building wall surfaces: 
 

ὖὸ ὸ Ὂ‐„Ὕ Ὕ Ὓ  

where Ὕ  is the average outside walls temperature considered equal to air external 
temperature, Ὕ  the sky vault temperature, Ὓ  the walls surface, „ the Boltzmann constant, 

‐ the walls emissivity and F the form factor between the wall and the sky. 
 
The outside air potential is defined as the enthalpy flow exchanged between inside and 
outside air: 

ὖὸ ὸ άὅ Ὕ Ὕ  

 
With Ὕ  is the inside air temperature equal to the cooling set-point temperature, if exists, ὅ  

the air specific heat and ά  the total air exchange mass flowrate. 

The total potential of a source is obtained by integrating the instantaneous total potential over 
the desired period: 

ὖὸ ὖὸ ὸὨὸ 

 

4.2.1.2 Coincident potential Ptcoinc  
Ptcoinc(t) compares the instantaneous total potential of a source to the corresponding amount 
of delivered energy. So, it is set to zero when the energy demand is null and equal to the total 
potential when there is an energy demand.  

ὖὸ ὸ
ὖὸ ὸ     ὭὪ ὩὲὩὶὫώ ὲὩὩὨί ὩὼὭίὸ
π      ὭὪ ὩὲὩὶὫώ ὲὩὩὨί  π

ὥὸ Ὥὲίὸὥὲὸ ὸ 

In the same manner of the total potential Pttot, the coincident potential is calculated by the 
integration of the instantaneous coincident potential over the required time period (Figure 
17). 



                        

 

 
Figure 17: Principle of solar coincident potential  [29] 

 
4.2.2 Performance indicators 

Two performance indicators are then defined according to the preceding definitions: the 
exploitation rate and the coverage rate.  
 

4.2.2.1 The exploitation rate  
The exploitation rate represents the ratio of the exploitation potential Ptexp (defined as the 
difference between the raw energy need and the net energy need) and the coincident 
potential of the source Ptcoinc.  
 

†
ὖὸ

ὖὸ

Ὑὥύ ὩὲὩὶὫώὲὩὸ ὩὲὩὶὫώ ὲὩὩὨί

ὖὸ
 

 

  

Figure 18: example of exploitation rate of sun, sky and outside air sources [31] 



                        

 

 
The exploitation rates of the sources are generally low as observed by Chesné et al. [29] which 
confirms the earlier results of the HABISOL-VALERIE project [32]. An exploitation rate of 
around 10% for all the available resources is found to be a valid approximation. Therefore, the 
actual building design restricts the exploitation ratio of environmental potentials. 
Consequently, the innovations to be introduced must primarily concern the improvement of 
the exploitation rates of the resources. 
 

4.2.2.2 The coverage rate  
The coverage rate is the part of the raw energy need covered by the energy source: 
 

†
ὖὸ

Ὑὥύ ὲὩὩὨί

Ὑὥύ ὲὩὩὨίὲὩὸ ὩὲὩὶὫώ ὲὩὩὨί

Ὑὥύ ὲὩὩὨί
 

 
The situation where Ptexp is negative means that the source generates another need to be 
fulfilled (for example, the sun is considered as heating source in the cold days, but generates 
cooling loads during the hot days). 
This need is discretized as the ratio of absolute value of the coincident potential and the 
residual energy needs. 
 

†
ȿὖὸ ȿ

ὔὩὸ ὩὲὩὶὫώ ὲὩὩὨί

ȿὙὥύ ὲὩὩὩὨίὲὩὸ ὩὲὩὶὫώ ὲὩὩὨίȿ

ὔὩὸ ὩὲὩὶὫώ ὲὩὩὨί
 

 

 
Figure 19: Examples of coverage rates (†  of sun, sky and outside air sources [31] 

 
The sum of the coverage rates of two resources covering the same type of needs (such as sky 
and air for cooling needs) is not necessarily less than 100 % because the needs used for the 



                        

 

calculation are the real needs for each resource and the subtracted resources: the simulations 
being different, the needs are therefore different.  
This approach allows to evaluate separately the bioclimatic potential of each environmental 
source with respect to the building energy needs.  

5. Summary of possible bioclimatic indicators and adequacy of passive 
solutions and indicators in the ARCAS context 
 
From the previous chapters, the following table summarises the bioclimatic indicators that 
can be considered, both at the urban scale and for single buildings. 
 

Table 5: Summary of some bioclimatic indicators 

 
The objective of the ARCAS project is to be able to propose relevant indicators, which allow to 
evaluate the sensitivity of the envelope and system renovation choices to the performances 
both in terms of energy and comfort. The passive solutions to be considered must be 

Simple bioclimatic indicators  

Urban indicators Envelope indicators Performance indicators 

Urban built density 
indicator Dsurf 

Building airtightness 
Annual heating 

consumption/m2  

Compactness C Heat Loss coefficient HLC  
RT2012 indicators (Bbio 

indicator) 

Facades exposure to 
sunrays 

Ratio of glazed surface Discomfort indicator 

Natural light Potential 
Plight or Daylight Factor 

DF 

Solar gains related to living 
area Sfloor 

 

Energy related bioclimatic indicators 

Resources potential indicators Performance indicators 

Total Potential Pttot Exploitation rate †  

Coincident Potential Ptcoinc Coverage rate †  

Exploited Potential Ptexp  Generated need rate †  


















































































































































































