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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 andrenovation costs of social housing. This requasthe one hando 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 HVA@Bys 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 irsliaatithe
production of guidelines for the selection and design of passive or active HVAC systems, focusing on
those usngrenewable energy. Theeport is structured as follows:

- A first part (paragraphs 2 to 6)s 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 @oling systems. This includes firsteview of the most widespread passive
solutions used in the building sector in the context of energy efficiency and sustainability.
Seconda proposal for retaining some indicators from a literature review in the ceinté the
ARCAS projeet 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 orientationseanetlope performances allows to
evaluate the coverage rate of heating need and a summer comfort analysis is achieved with
shading anavernight ventilation strategies, in order tasessthe validity of theproposalsn
the frame of the ARCAS project.

- In asecond parta brief description of possible HVAC systems is done, considering their
individual or collective aspects and renewable natir@ot. A special focus is given to housing
ventilation, which is an essential aspect of ensuring a hedtithyor environment, through a
case study comparing different ventilation systems, both individual and collective.

- The third partfocuses ordefining a methodology for the integration of renewable energy in
social collective housing. The methodologies faaileating renewable energy use in buildings
are described and some indicators are defined and tested. Differences betwesitecand
distant renewable production are highlighted. Among the indicators proposes, the self
consumption and sef§ufficiency raibs and the grigsupport coefficient are highlighted.

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

The following acronyms are used within this report:

Latinletters
A Living area
ACH Air Change rate
BBio Bioclimatic needs
C Compactness
Cep Primary energy consumption
S Average daily exposure concentration to pollutant p
G Specific heabr pollutant concentration
DHW Domestic hot water
Dsurt Urban built density

DSO distribution system operator (electricity grid)
Dvoi Cubic density

E Energy
ERI Environmental Resources Indicators
EPB Energy Performance of Buildings
HLC Heat Losses coefficient

GSC grid support coefficient
HVAC  Heating,Ventilation and Air Conditioning
IAQGs Indoor Air Quality Guide values
) ' 1% IAQGs for Long and Short terms exposures
) n  Proposed Indoor Air Quality index for pollutant p
NZEB Nearly Zero Energy Buildings
ODH Ovelheatingin degree.hours
P Power
PER Primary energy renewable
Pt, Q Potential

PV Photovoltaic
Qint Air infiltration flow
Quent Air ventilation flow
Qupa Air leakage of the envelope under insidaetside 4 Pa differential pressure
RH RelativeHumidity
S Surface

SC Shape Coefficient
SHGC Solar Heat Gain Coefficient

T Temperature

Tic Conventional indoor temperature

TSO Transmission system operator (electricity grid)
U Thermal Transmittance
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V Volume

Greek letters

- Emissivity
” Density
V) Deposition rate of pollutant p
n Solar potential
Emission rate of pollutant p

arcas

R Emission rate of pollutant p for activity

i Boltzmann constant

t Solar transmission coefficient

t Curtain coefficient

Exploitation rate

Coverage rate

Sheltering rate

Generated needs

Air change coefficient/ventilation
Solar absorption coefficient

4 =+ 4 —+

Indices

abs Absolute

cv Convection
eav Outdoor average
Env Environmental

exp Exported
ext, e External, outside

lav 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
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1. Context
1.1 The ARCAS Project

Theobjective 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, energyciefiicy and healthy indoor
environments in the SUDOE territory. The project is based on the integration of three research axes:

AXIS % Energy autonomy efficiency
AXIS 2 Social quality energy poverty
AXIS 3 Air quality- health

As a result of thigtegration, 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 weltbeing of citizens.

ARCAS is based on the use of similar ¢titogy 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 availabl
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 emaducible 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 bdeveloped 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, agsvtle 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.ifdieators

are proposed within the first four Work Packages, as well as the specifications and protocols for their
guantification. Those four Work Packages are specifically:

WP 1- Climate indicators selection

WP 2- Selection of energgfficiency indicators in residential buildings
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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 évefoiid)

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 & 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 an?/P 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 aildlit 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 defina 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 taldish 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 renewlaltechnologies

The objective of WRis to identifythe best available technologies for social renovation strategy of
social collective housirig the ARCAS project climatic zone. It incluthesdefinition of indicators and
production of guidelines for theelection anddesign ofpassive omlctive HVAC systemdocusing on
those which use renewable energywo main steps can be identified:

1. Establish a catalogue afsual bioclimatic design sotions andthe best passive heating,
ventilation and cooling solutions adapted to the climates of AiRCASUDOE zone

2. Propose indicators for energy efficiency, technical and economic aspects, health quality for
active systemsvith a focus on those whialise renewable energy
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2. Bioclimatic approach ad related indicators

2.1 Gengalities

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 attento midseason 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 fdaogson 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 priori out of the financial reach of a soctausing landloravill 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 thaneighbourhood or plotthis 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 niiseese
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 buildindlsveing access to the solar
resource, the protection ofiewsbetween dwellingg1], the protection from noise nuisance

in relation to vehicle traffi¥ This is obviously simpler for a new development project than for
existing buil plots.

It is also at this scale that the realization of a green frame with green patches, paths or
networksbetweenvegetated basins, pools or ponds are all elements that will allow to mitigate
the effects of urban heat patchég] and to promote the reception and circulation of ordinary
biodiversity.

At the building scalewe can distinguish different items, which are declined in the following
chapters: aspects related to the orientation and morphology of théding, 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 orientatbn and layout are considered as one of the most effective strategies used in
passive heating3]. An appropriateorientationis alow-costoption to optimize the solar heat
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gains on a facade and to prevent from strengthening of thermal losses from wind. It
consequently decreases energyis [4], [5]. Therefore,in the Northern hemispherdhe best
orientation for a recangularbuildingis to have itdong side facing south in ordés benefit

from direct solar radiaon during winter (Mrth facing in the Southern hemisphere)

Of course, orientation of existing buildings cannot be chanded, this highlights the
importance to well design # mass plan and theoad networls for a new development
project

2.3 Morphological considerationsand related indicators

The morphology indidars are related to the built density, the compactness of the buildings
anddirectly impact heat losses and gains of a buildirig

2.3.1Urban 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 importagt:i3, the more natural solil is
neutralized (with a significant reduction in water infiltratioor fexample). The cubic density,
Do, 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 thefine surface optimization
related to the profitability of public services and equipment and the relative importance of
mineralized or vegetted areas. They are also related to economic aspects in terms of
consumption of the costly urban space as welltes complexity of the urban distribution
networks. These indicators can also be involved in social aspects regarding the concentration
of the residents for example.

2.3.2Compactness

The compactnessindicator, C estimates the ratio between the exchangeeas of the
envelope and the floor area; the building envelope includes walls, ground and roof. The lower
C value is, the more compact the buildingTikis indicator can be used to compare different
configurations and then gives an idea about the ddferes in the outdoor envelope surfaces.

A more accurate approach is to split C into two patigor the exchange areas of ground and
roof, G for the walls only Thisresultsin C = ¢+ G (Figurel). G decreasesvith the number

of floors and ereflectsthe buildingmorphology[1].
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Figurel: Examples of variouscompactnessonfigurationg1]

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 vollinméghly impacts the

heat losses, asof a given volume, a higher shape coefficient entails lower building
compactness and therefore higher heat losses through the building envétapee?). It then

should be minimized tgassively reducdeat lossesand t also has an influence othe
construction costs and maintenance expenses (for a given volume, the more compact the
building, the less the area of the envelope).

High compactness > Low compactness
(1 1)
sow § | B ees
(1 X ¥
5C=2.24 5C=2.30 5C=2.38 5C=2.30 SC=2.67 S5C=2.69 SC=3.16
Limited heat losses » Higher heat losses

Figure2: Influence of the compactness and shape coefficient on busldew) losses

2.4 Buildingenvelopeproperties

The building envelope needs to have high performaniocet)) in terms ofinsulation properties
of opaque and glazed surfacasdfor air tightness in order to decrease the heat losses, to
optimize the free gains and ensurea sufficientair changeate for healthy indoor conditions.
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2.4.1Thermal insulation abpaque walls

The choice oaninsulaion materialfor opaque wallss influenced byts physical properties,
mainly thermal conductivity, densitgnd effusivity and alsoby its cost Biocbased materials
are generallymore expensivethan ¢conventionaé ones and presents higher thermal
conductivity, but gsohigher density whicls an advantagéor the dynamic thermabehaviour
of a building, particularly when associated with inner insulatibime bio sourced nature of a
material can alsdoe achoicecriterion for the decisionmakerthrough sustainability or LCA
considerations

The Uvalues of the different walls of a building must comply with the regulations of each
country, both for new budings as well as for the renovation of old buildings, when present.

Some gamples:
- In Francethe RT2012 regulatidi] imposesdifferent levels for renovation operations
following the impactednet floor area of the project Foran area below 1000 mz2,
performance conditions are imposed element by element

Tablel: Minimum performances of some walls the H2 climatic zonef the Frenctihermal
regulationfor an element by element renovatipnoject[6]

Wall type| Outside Roof Roof, other| Floor, | Windows and
or glazed vertical wall| terrace | cases general| glazed doors
element

Rmin 2.9 3.3 4.8 2.7 1.9

(m2.K/W)

For renovatiorareashigher than 1000 m2 and buildings older than 1948, element by
element performancesapproach also appies For more recent buildings the
requirement apply on the overall envelopeperformance(RT201Zequirementsfor
new buildinggd6]) if the renovation cost of the project is lower than 25% of the actual
value of the buildingor element by elemenbtherwise

- In Portugal only new buildings andxisting buildings with major renovations must
comply with the regulation requirements. Major renovations are defined according to
EPBDO7]. The minimum reference values per element vary depending on the three
climate zones defied in national regulations according T@ble2.

Table2: Reference U values for Continental Portugal (\RIKN[7]

’ Climate Zone ‘
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Building envelope zone 11 12 ]
in contact with exterior environmen| Vertical opaque elements | 0.50| 040 | 0.35
Horizontal opaque element| 0.40 | 0.35 | 0.30

in contact with other buildings Verticalopaque elements | 0.80 | 0.70 | 0.60

Horizontal opaque element| 0.60 | 0.60 | 0.50
Windows and glazed doors 280|240 220
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 cof@pxt
1. The heating energy needs shouldlbeer or equalto 75% of the maximum value
defined in regulation;
2. The primary energy needs should logver or equalto 50% of the maximum value
defined in regulation;
3. Renewable energy should supply at least 50% of the primary energy needs.
In existing buildings, verificatioof the relation between energy needs and the
maximum value is subjected to distinctive coefficients depending on the age of the
building (:Previous to 1960, -2Between 1960 and 1990 and Between 1990 and
2012, 4 After 2012).

- In Spain in the case obmall renovations (<25% of the envelope) limitation applies
only to the elemens modified in the renovation according to the limit valuesiafble
3 and Table4, while larger renovations must comply with tishole CTE DBIE 2019
Spanish regulatiof®].

Table3: Transmittance limit values (&) for small renovations (< 25% of the envelope) for the C and
D winter climatic zones in the Spanish thermal regulation

Uim element V/(m?2.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 0.70 0.65
Partition walls
Openings (set of frame, glass and, where ang

. 2.1 1.8
applicable, shutter box)

Table4: Air permeability limit value (b,im) of thermal envelope openings
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- Recommendations for satisfying tiassthaussobjectivesare respectivelyuy X0.15
W/(m?2.K) for the outsideopaque walls an@.8W/(m?.K) for the glazedvalls 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 halthy conditions for the occupants.

2.4.2Thermal 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 onthéomtermediate floors
thermal bridges, whilst windows frames are a more difficult point to deal with. Balconies and
outdoor terraces cause significant thermal bridges andeneysa tricky point to considein

a renovation project.

Figure3: Example of a thermal bridge on a balcony

2.4.3Glazed walls

Glazed surfacesnd framesanust be performant in terms of heat loss@dy), solar gaingSolar

heat gain coefficienBHGQ, and light transmissior(T. factor of the glasses)rhey must also
present good characteristics for the wiaddrain permeability, as well as for acousdi

Depending on the country or region, minimum performances may be required for glazed walls
to obtain financial aid for the threnal renovation of housinggh(s is generally truealsofor

the opaque walls performancgs
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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 aiige of dwellings to ensure good indoor air quality and to limit
the thermal losses related to infiltration&nergy retrofit projects provide opportunitigs
improve the airpermeability of old buildings, which is often very important in parie&u
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 opaaju@ glazedvalls.
The more efficient they are, the less air permeability must As.an example thesh
coefficient required for Passivhauss label must be less than B.f&rmnew or renovated
buildings.

The overall performance of a building envelope with respecth® total thermal losses
(transmission and total air change) can be evaluated through the Heat Loss Coefficient HLC

[W.degreel].

2.5 Access to the solar resource

The potential of solar radiatioand the possibility to benefit from natural liglior a given
dwellingin its environments related to the area of sky that is visible from any poiiis area
depends highly on the building morphology itself, but also on the nearby environment: masks
due to other buildings, treesetcthat can reduce drastically theccess to the solar resource.

Figure4: lllustration d the availability of natural lighton a terrace (left) and to buildings with
concave angles (righfl]
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2.5.1 Daylight Factor

For inner environment, the subjective daylight quality is usually calculated through the
Daylight Factor, DF, which is the ratiamdide illuminance, if; over outside illuminance ek,
at a fixed point under an overcast sky:

DF =100 * &/ Eext  [%]

The higher the Daylight Factsy the more natural lights available in the room and the less
artificial lightingis 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 aad present risks of overheating in summer and
important heat losses in winter

2.5.2 Sdar gainsthrough glazed surfaces

For medium latitude zonessuchasthe SUDOE zondastand West facingertical glazed
surfacesare critical during themid and hot seasos and may lead to overheating and
discomfort

On the other handSouth orientation receives the highest amount of energguring the
heating season antthe glazed surfaces on thedacades arguite easy to protecin summer
from direct solar radiation witbalcony,roof overhang, etcNeverthelessone mug have in
mindthat diffuse and reflected radiations aedsocrucialto deal with because they constitute
an important part of thetotal solar radiation received on a vertical facade.

Monthly solar radiation for a vertical South facing wall in A""g.alt.“'ar
La Rochelle (ground albedo=0.2) raciation

120

OReflected [ OReflected |

mDiffuse 1200 —{ ®@Diffuse —

mDirect

100

ODlrect

1000

80 1

60

kWh/m?

40 -

20 1
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Figure5: Decomposition of the solaadiation recered by a vertical South facingalvin La Rochelle

Similarly attention must also be paid tcline glazed surfaces, such as canopies or roof
windows which are interestindgor natural lighting butoften bring much energy.

Differentindicatorscan be proposed for thee surfaces and the related solar gasis;h as:

- Theratio of glazed surfacedefined as an example for the French regulation as the
ratio between thetotal glazedsurfaceandthe living areaof a dwelling whatever the
orientation andinclinationof the surface$-],

- The daily, monthly omnnual solarenergy entering a room by glazed surfaces
relativelyto the living area of the dwelling [Wh/mz2.time unit]

2.6 Reducing the thermasummerdiscomfort

As sail before, solar gains can causeerheating and disamfort situation in mid and summer
periodsdue 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 aiconditioning systems, or at least to reduce their powEney also can
avoid the installation of air conditioners once the building is deséigdor handing discomfort
problems poorly treatedt the designstage

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 radiatj@$ The application of shading
techniques is much various through different ways, using static or-sehile components:
building orientation and shape, overhangs, eaves, rolling shades andhseling. Passive
shading is categared as fixed shading devices and adjustable shading de¢¥ices

- 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 shadirigede
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 techniquesxist, but external shading systems stop the
sun rays before eering the room and prevent most of theolar energyrom reaching
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the indoor ambiance. Their performarnsare generally higher than internal shading
devicesonesand must be preferred.

Incident radiation

Al Positiveslant angle
; Pl P
A& (—
iy Building interior ’ :
< * 5 Building interior
Radiation Heat
I
Blind sy stem Overhang

Incident Radiation

\-h/\
Q\. Reflected Sunlight
T Building interior
Shalf Adjustable at angle
Shelf Heat
—
Light shelf Experimental Shading device

Figure6: Overview ofixedshadingtypes[11]

Intelligent or seHadaptive facades arspecialcases of mobile shading systems that involve
components attached to the building envelope or openings able to adjust their performance
according to surroundinghanges in the environment. Different types of intelligent facades
exist[12], such agkinetic facadesable to adjust their shape, form, orientation or openings to
face dynamically environmental conditiosschas temperature, relative humidity or wind
velocity[11].

e e e
o e s — = M

~ -t e M, e
Figure7: Schematic of kinetic facadfis3]

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 renovationeaisting buildings.
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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 ventilatig].

Doubleskin facades
Double skin facadeonsists 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.

Doubleglazed facades
They refer in general to the use of doulgazed windows consisting of two layers of glass
separated by an air cavity.

Solar facades
Solar faades are based on the integration of photovolteélls in the building facades.

Thesetechnologes are however more affordable for officebuildings thanfor residential
buildings.

2.6.3 Vegetated facades

Amore and more usegassiveoutdoor sunprotection consists in vegetating the facades with
deciduous plants, which alleto pass the light in winter and to more or less obscure the
facade in summerThisalso contributes toreduce theurban heat island locallythrough
evapotranspiration phenomea andto purify the outside air.
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Figures: Examplé of vegetated facades

2.6.4 Rooftreatments

2.6.4.1Greemroofs
The same idea of using vegetation to redwmdar gain also applies to roofs, which can be
treated indifferent ways
- with aconsequenthickness of substrate, which makes it possible to plant shrubs and
plants,
- with a low substrate thicknessiegetated with plants that require little water and
maintenance such as sedans.

In both cases, the insulation and inertia of tleef are increased and these devicamtribute
to reduce the urban heat islanfil5]. Theyalso regulate rainwater supplies in drainage
systems

projetsinspirantsde-toits-vegetalises/ right: -http:/flickr.com)

2.6.4.2Cool roofs
Metal and flat pofs(mainly)may be subject to selective coating treatmsntheseradiation
based passive technigsallow a significant proportion of solar radiation to be-eenitted
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FUNDACION ESTUDIOS CALIDAD EDIFICACION ASTURIA w i S;OBIERNO La Rochelle t i e e
e 5 .y
CANTABRIA Université A p

U PV E H U CONSEJERIA DE OBRAS PUBLICAS, ORDENACION
DEL TERRITORIO Y URBANISMO

Universidade do Minho



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/

R T

g™ lrlﬂﬂ e’

iterreg H —

arcas

Arguitectura para el clirr

[ropesn Begeorad Dereplopament Ngrd

compared to conventional coatings6], [17]. The cool coating solution mitigates roof surface
temperatures, temperature gradients in thheof, and thushermal loads in the buildingL5].
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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 ioeus onHVAC systems

to achievecomfortable livingconditions for theoccupants

Active systems wilbe 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 efitsege systems

are an integral part of the bioclimatic approach, complementing the envelope design.

3.1 Trombe wall and solar chimneys
Basically, a Trombe wadl a solar collectorconsisting 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(Figure10). The role of the walis to absorb and store heat its thermal
massin heating modecold air from the room enters through the bottom opieg 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 exier glasscan be
obscured and/othe internal face of the wattan beinsulated.

T = !

Damper B _Q_ ———p Upper Vent :
]

|

|

T :

i

Exterior \ Indoor { The Room) i
Aiar i

|

(II:.r'I“E :

I

I

I

3 ]

n::r!1||\'1 A . ‘_ Lower Vent :
| '

1

FigurelO: 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 climated.1] and could reach 60 % in Mediterranean climdte®. They

are however ratherencounteredin individual houses and reservéal strong thermal inertia

and moderate insulatedonstructions in order tavoid too abrupt temperature variations and

risk of overheating.
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Many \ariations of the basic principle of the Trombe wall ex@te of them igo create a solar
chimney by adding openings on the glass [fargurel0, Figurell).

Josing the damper A and the upper vent, the solar heated air between the wall and the
glazing generates buoyancy forces that drda@ room air from the lower vent lettinghe
heated ar to flow out via open damper B in a natural ventilation mode. It can@bperate as
aninsulation layer to reduce heat gains of the room.

Natural ventilation Thermal insulation
mode mode
Lo Lo
Qutdoor air
‘.,-"'"_""'-—._

L 1 VI

Figurell: Solar chimney used for cooling m¢ae]

3.2Geothermakir pre-heatingor cooling
DS2GKSNXIf SySNHe& Aa GKS LI NI 2F SIFENIKQa KSI
use the earth temperature near the surface (shallow geothermal) or through deep boreholes
(deep geothermal)21]. The groundacts as a heasourcein the heatingseasorand as a heat
sink when cooling is needed
The potential of the ground can be used with sqrassive ventilation systems or by active
systems, either by directly using the heditthe groundat medium or low temperature\ater
direct geothermal heating), or by the use of heat pumps for heating and/or cobiihglso
for Domestic Hot Water (BW) production

Preheating or cooling thesupply air entering a buildingan be achieved by thuse ofso-
called earth pipeswhich 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 systemsye
12Figurel) or coupled to aheat recovery exchayer (dual flow ventilatiorsystems,Figure
13jError! No se encuentra el origen de la referengia.

These systems are more efficient in the climates sitbngtemperature differences between
day and night, or contrasting climatg&?].
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Figurel2: Schematic of an earthipe system for air prdneating and cooling
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(also as brine circuit or direct evaporator)

Figurel3: Ground heatxchanger coupled to a dual flow ventilation system

3.3Free cooling andight-time overventilation
Free cooling is encountered in tertiary buildings equipped with air handling units and
consists irswitching tofull fresh air ventilatiormode when the outside air is colder than the
inside air, without changing the flow rate.

Overventilation techniguesconsistin increasing the supply air flow rate by a significant
amount (of the order of 3 ACH, instead of typically 0.5 ACH for basic ventilaliogy are
mainly used during nigktime when the outside air allogito release the heat absorbed by

the buildng thermal mass antb coolit, thus delaying the need for active coolimgday time
[23].
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Overventilationcanbe used under almost every climate condition. However, its effectiveness
is not guaranteed when the outdoor temperature is exceedingly highwloen the daily
temperature amplitude is insufficieri4]. In fact, climates witthigh diurnal ranges are the
most suitable to benefit from, while in contrast, Rbtimid climates with warmer nights are
generally lessippropriate Furthermore, as other natural ventilation techniques, it can be
combined with solar chimneys and/or wind tevs to be improved?25].

For residential buildingsyver-ventilation can be achieved by natural ventilation or mechanical
systems, through either individual or collectivastallations Principles of natural or
mechanicallyassistedventilation are presented irigurel4 [26].

% i " s
14.a: Natural cross ventilation 14.b: Natural singksideventilation

14.c: Natural ventilation by stack effect 14.d: Mechanicalhassisted natural
ventilation (hybrid ventilation)

“gc*

Figurel4: Principles of natural anechanicallyassistedventilation in dwelling$26]

Floorthrough housing Kigure 14: Principles of natural omechanicallyassisted ventilation in
dwellings Figure 14.a) is favourableto cross ventilation Sack effect ventilation 14.c) is
favouredfor flatslocated on several levels and hybrid ventilatias. () requires the presence
of shunt ducts inthe flats. Singlesided 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 overventilation systems or activar-coolingsystems[27].
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4. Definition of somebioclimatic indicators

From the previous elements, we can now consider defining bioclimatic performance indices
of a building, with two approaches:
- one that focuses on defining thatrinsic 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 sourcesuchasthe sun,the outside airthe sky vault...

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

An example of a bioclimatic indicateelated to the quality of buildings with regard their
design and their ability to use the free resources of the environment is obtdied the
French thermal regulatiof28].

This regulation includes three performance requirements for new buildings:

A bioclimatic needs of th building (Bbio);
A primary energy consumption g;
A conventional indoor temperature J, related to summertime thermal comfort;

which must respect maximum conventional values.

The Bbioindicator 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 negd Artificial lighting need

This value must be less than a Bhiolevel depending on the dwelling characteristics
OAYRAGARdAzZ £ 2 O2tft SOGALBS X0 FyR OfAYIFGAO aadd
To achieve this bioclimatic requirement, the building design must promote several
parameers: insulation and air tightness of the envelope, inertia of the structiaregurable

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.
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4.2 Definition of some passive energy recovery performance indicators

This sectiorfocuses on the definition afome indicators of building performance in terms of
coverage rate and recovery free gairs that could be interesting in the ARCAS contéxis
mainly based on the work of Cheset al.[29].

Starting from thenomenclature oEPB Annex und&NISO 52004.:2017[30], we define in
a heating situation:

- Theraw needof a building which correspond to the energy need for balancing the
heat losses (transmission and ventilation losses),

- Theuseful free gaingsolar, internal)

- Theenergy needr net energy need, which results from the raw need minusubeful
free gains

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

(transmission losses + ventilation losses)
- (useful solar gains + useful internal gains
9 9

TRANSMISSION LOSSES

{conduction and convection} | Wy T et e
----
.....
o

INTERNAL :

: GAINS
VENTILATION LOSSES <gfortoni 53&“&1#5‘3

{mechanical end natural N N o
ventilation and infiltration) . C] e §
) USEFUL SOLAR ? -
J : GAINSI_,.. T :

i BOUNDARY OF THE HEATED ZONE

.......................................... -

---------------------------------------

: BOUNDARY OF THE HFATED ZONE :

TRANSMISSION i /ENERGY
LOSSES : :( NEED FOR
VENTILATION : PNHEATING
LOSSES :  USEFUL :
: INTERNAL
NSNS L
USEFUL
SOLAR GAINS

Figurel5: Schematic viewof the energy need for heatingg0]

Chesné et al[29],[31] 02y aA RSN Iy SEGSNYyIf SySNB& 4&2dNDG
available in the environment when the building needs it. Thus, difference can be made
between two types of needs in Bdings: residual needs and real needs.
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A Residual needs are those which correspondhte energy which can be delivered by
energy simulation software or measured-gite in the presence of all the available
sources and systems: in other terms, they correspto the net building energy needs
considering useful gains (energy needrigurel4~igurelb).

A 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 needslteeén the exploited
potential, Pt*®, 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 capaakiy to t
advantage ofhese resource¢-igurel6).

mbsidual - PERFORMANCE INDICATORS |
> —» energy ——| Exploited
needs > potential
: > :
: 1
Real “
—>» energy -
needs
Total Coincident ¥ Adjusted
: potential > potential potential
POTENTIAL INDICATORS e

Figurel6: Bioclimatic indicators according to Chesné e8]

4.2.1Potential sources indicators

Twopotentials are defined for each external energy source

4.2.1.1Total potential Pt
Pt°l(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:
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where! is the heat flux andY the walls surface.

Such a potential can also be defined foe t&ky, whichconsists of the net heat flow exchanged
between the sky vaulnd the building wall surfaces:

~

Vo O e, Y Y Y

where “Y is the average outside walls temperature considered equal to air external
temperature,”Y the sky vault temperatur€y the walls surface, the Boltzmann constant,
- the walls emissivity anBthe form facta between the wall and the sky.

The outside air potential is defined as the enthalpy flow exchanged between inside and
outside air:

00 0 a6 Y Y
With"Y is the inside air tempmture equal to the cooling sgioint temperature if exists 0
the air specific heat and the total air exchange mass flowrate.

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

00 0O 0QO6

4.21.2 Coincident potential Pt
Pt°nqt) 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.
5o o 0o 0 VO lemgw%cﬁs COOGE O
T Qe QIe'@OQIT

In the same manner of the total potenti&t®, the coincident potential is calculated by the
integration of the instantaneous coincident potentialay the required time periodFigure

17).
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Figurel7: Principle of solar coincident potentigd9]

4.2.2 Performance indicators

Two performance indicators are then defined accordingitte precedingdefinitions: the
exploitation rate and the coverage rate.

4.2.2.1The exploitation rate
The exploitation rate represents the ratio of the exploitation potenk#® (defined as the
difference between the raw engy need and the net energy needhd the coincident
potential of the sourcétonc

+ 00 YORE Ql "QNDE Qie" @O Qi
0O 0O
100 4
an -
Exploitation
rate (%) 60
40 -
26%
16%
20 12% 12%
8% 5%
. I | | | ,
Winter Mid-season Summer Mid-season Summer Mid-season
Sun Sky Air

Figurel8: example of exploitation rate of sun, sky and outsigtesourceq31]
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The exploitation rates of the sources are generally low as obsdry€&hesné et al29] which
confirms the earlier results ahe HABISOVALERIE proje¢82]. An exploitation rate of
around 10% for all the available resources is found to be a valid approximation. Therefore, the
actual building design restricts th exploitation ratio of environmental potentials.
Consequently, the innovations to be introduced must primarily concern the improvement of
the exploitation rates of the resources.

4.2.2.2The coverage rate
The coverage ratesthe part of the raw energy neecbwered by theenergy surce

00 YOg QQQE Q0 Qie'@N Qi
Yog QQQi Yog QQQi

The situation where P£*P is negativemeans that the source generates another need to be
fulfilled (for example, the sun is considered as heating source in the cold days, but generates
coolng loads during the hot days).

This need is discretized as the ratio of absolute value of the coincputgential and the
residual energy needs.

; DO s SYOE QQQRIQDE Qi @R
0QOE Qie @D QI 0QOE Qie @D Qi
100
80 | 7% 76%
Cover rate (%)
60 -
50%
40 -
21%
20 19%
11%
0
Winter Mid-season Summer Mid-season Summer Mid-season
Sun Sky Air

Figurel9: Examples of coverage rates ( of sun, sky and outsid®r sourceq31]

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 tised for
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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 withrespect 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 taldemmariseghe bioclimatic indicators that
can be consideredoth at the urban scaland for singléuildings.

Table5: Summary of some bioclimatic indicators

Simple bioclimatic indicators

Urban indicators Envelope indicators Performance indicators
Urban built density - . Annual heating
indicator RQu Building airtightness consumption/n?
RT2012 indicators (Bbi
indicator)

Compactness C Heat Loss coefficient HLC

Facades exposure to
sunrays
Natural light Potential
Pight or Daylight Factor
DF

Ratio of glazed surface Discomfort indicator

Solar gains related to living
area Soor

Energy related bioclimatic indicators

Resources potential indicators Performance indicators

Total PotentiaPtt Exploitation ratef

Coincident PotentiaPtcoinc Coverage ratd

Exploited PotentiaPtex? Generated need raté

The objective of the ARCAS project is to be able to propose relevant indicators, which allow to
evaluate the sensitivity ahe envelope and systemenovationchoices tothe performances
both in terms of energy and comforfThe passive solutions to be catesred must be
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