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INTRODUCTION




1.1 Context

Today, there are over 600 certifications worldwide, either for
products or constructions and buildings (Guldager Jensen et al. 2018). Most of
them originate from developed countries and continents like Europe, North
America & Asia. However, South America & Africa are slowly beginning to
either certify their products, materials and buildings with existing standards
or by creating new ones.

Since their apparition in the construction and building field,
certifications have taken a notable status and influence on the building
industry. Obtaining any kind of certification has become a powerful
inclination in most new constructions and renovations, since it increases the
value of the property all while providing assurance of a high level of quality
during design and construction phases (Afroz, Burak Gunay, and O’Brien 2020).
Thus achieving at least one certification has become substantial for different
construction projects. Some of these certifications aid architects in creating a
comfortable and functional space for the users. However, some certifications
with their various criteria and objectives, can become more of a hindrance to
the architect’s work and design.

The main objective for these building certifications is to guarantee
the quality of the building, whether it be a new construction or a renovated
building. While some focus on the technical and structural safety of the
building, others extend to managing their environmental impact and meeting
the occupants’ needs. Of these standards, many have one goal: to achieve a
degree of sustainability, which is in turn a general and vague term.

Sustainability was first defined by the United Nations Brundtland
Commission in 1987 as “meeting the needs of the present without
compromising the ability of future generations to meet their own needs”
(Keeble 1988). 1t is composed of three main pillars: the economic aspect,
the environmental aspect, and the societal aspect. Since each of these
pillars is a complex dimension with its own interpretations, subcategories,
interconnection & co-dependance to other pillars, each certification and
standard usually focuses on one main aspect or try to combine two of them.
Adding to the complexity and growing number of standards, different
sustainability aspects of certification like the life cycle of the building, the
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sustainability of construction materials and the users experience and health
inside the building, are additionally expanding and diversifying.

Therefore, green building certifications have multiple benefits:
guaranteeing a positive environmental impact, increasing property value
while reducing operational costs, and enhancing indoor conditions and health
benefits for the users (Afroz, Burak Gunay, and O’Brien 2020). They ensure
that a building has met environmental, energy, human health, and other
standards and regulations through its design, construction and performance.
Choosing the type of certification to achieve helps architects and owners to
prioritize the aspirations and goals of their projects (Simon and Jackson 2020).

Health & well-being

Respect Diversity

SOCIAL
Safety Equality

Indoor

environmental Flexibility of
quality function

Biodiversity BUILDING

‘ SUSTAINABILITY Life cycle value
Waste reduction

ENVIRONMENTAL Energetic efficiency ~ ECONOMIC

Natural ressources
Operational cost

Carbon reduction

Fig 1: Sustainability pillars
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1.2 Types of Certifications

Numerous building and construction certifications focus on one of the
three pillars: economical, environmental, and societal aspects, or balancing
multiple aspects, or targeting a specific subcategory in one of these pillars.
There are other types of certifications outside the scope of this essay that focus
on specific systems in a building like fire safety or security and structure. The
following certifications were selected based on common use in the building
industry as they consider the building as a whole with its different systems,
and as a result, impact the indoor environment. These certifications are
the most widely used systems today that have a holistic approach that goes
beyond individual components of the building. These building certifications
were categorized into three main types: Sustainable building certifications,
Energy performance certifications, and User focused certifications.

1.2.1 Sustainable building certifications

Since the emergence of the definition of sustainability in the 1990’s,
the number of certifications related to sustainability is increasing. Sustainable
building certifications, widely known as the Green Building Certifications
are used to assess and recognise buildings which meet certain sustainability
requirements or standards. Most of them are focused on sustainability with
its three pillars. However, they generally focus more on the environmental
dimension, largely represented by the resources & energetic aspects. The
social dimension follows closely, represented by the indoor environment
& comfort. And lastly the economic dimension which is generally less
represented in all certifications (Guldager Jensen et al. 2018). Thus, some of
the most widely used green building certifications will be outlined.

17



BREEAM

Building Research Establishment
Environmental Assessment Method

Fig 2: BREEAM certification
logo

Country of origin
United Kingdom

Foundation year:
1990

Founder and administrator:

Building Research Establishment

It is the first and oldest certification system to assess and rate a
building’s sustainability. It focuses mainly on the environmental dimension
of sustainability with principles focused on resources like water and energy.
It has a minor focus on the social and economic dimensions through indoor
climate and life cycle cost.

Being the first certification system in the world, it has a worldwide
reach with over 600’695 certified projects and around 2°326°192 registered
for certification. In Switzerland, there are almost 140 BREEAM certified
projects.
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Applications

New buildings
Interiors Principles
Renovations Energy
Existing commercial buildings Health and Well-being
Urban areas .
Innovation
Land use
Materials
Levels . Management
A score based system with 6 levels Pollution
Outstanding Transport
Excellent Waste
Very good Water
Good
Pass
Acceptable
BREEAM New construction:

This standard is destined for newly built projects ensuring to deliver high
performing, and sustainable buildings including the outdoor facilities.

BREEAM Refurbishment and fit-out:

This standard is destined for refurbishing projects as in the refurbishment
of the external envelope, structure, core services, local services, and interior
design of existing.

BREEAM In-use:
This standard is destined for operational assets to assess its performance.

BREEAM Communities:
This standard is destined for design in the master planning of new
communities and regeneration projects as in sustainable districts.

19



LEED

Leadership in Energy and
Environmental Design

Fig 3: LEED certification logo
© U.S. Green Building Council

Country of origin
United States of America

Foundation year:
1998

Founder and administrator:

U.S. Green Building Council

This certification is one of the oldest and most used internationally.
It primarily focuses on the environmental and social aspects of building
sustainability through resources and health aspects, with a small focus on
the economic aspect through the life cycle cost. LEED was designed to assess
sustainability in design, construction, operation and maintenance.
In 2022, almost 150’000 projects are LEED certified including 60
projects in Switzerland.
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Applications

New buildings

Interiors Principles

Repoyat10n§ . Location and Transportation

Existing buildings Sustainable Sites

Urban areas Water Efficiency

Energy and Atmosphere
Level Materials and Resources
evels . Indoor Environmental Quality

A score based system with 4 levels Innovation

Platinum Regional Priority

Gold Integrative Process

Silver

Certified

LEED Building Design and Construction (BD+C)
This standard is destined for new construction or major renovations in
residential or commercial buildings.

LEED Interior Design and Construction (ID+C)
This standard is destined for complete interior refurbishment in commercial
projects.

LEED Building Operations and Maintenance (O+M)
This standard is destined for existing buildings that are undergoing
improvement work with little to no construction.

LEED Neighborhood Development (ND)

This standard is destined for new land development or redevelopment
projects containing residential and/or non-residential uses. Projects can
be at any stage of the development process, from conceptual planning to
construction.

LEED Cities and Communities

This standard is destined for cities or communities to measure how they
manage their water consumption, energy use, waste, transportation and
human experience.

LEED Zero
This is a complementary certification to BD+C & O+M destined for projects
with net zero goals in carbon and/or resources.
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HQE HQE ©

Haute Qualité
Environnementale THE WAY TO PROGRESS

Fig 4: HQE certification logo

Country of origin

France

Foundation year:
1995

Founder and administrator:

Cerway

This french construction certification was created in 1995 and then
established as a non-profit organization in 2004. It is primarily focused on
the social dimension of sustainability through health and comfort goals,
followed by the environmental dimension with energy principles. It’s a
flexible certification that adapts to meet the specific standards and norms of
the concerned country.

Over 380’000 projects are HQE certified worldwide.
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Applications

New buildings
Interiors Principles
Renovations
Existing buildings
Urban areas

Energy
Environment
Health
Comfort

Levels
A score based system with 5 levels
Exceptional
Excellent
Very Good
Good
Pass

HQE Sustainable Building
This certification is only granted in France for single detached houses,
residential or commercial buildings.

HQE Construction
This international certification is destined for the design and construction
phases of new-builds and renovated buildings.

HQE Building in Operation

This international certification is destined for non-residential operational
buildings to assess the performance of the building and their stakeholders
(landlord, property manager & building users)

HQE Sustainable Urban Planning & Development

This international certification is destined for the design and planning of
new urban areas like districts while ensuring the application of sustainable
systems.

HQE Sustainable Infrastructures
This international certification is destined for infrastructures to assess their
impact on the environment.
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LBC s LivinG

== = BUILDING
Living Building BN~ CHALLENGE
Challenge

Fig 5: LBC certification logo
© International Living Future
Institute

Country of origin

United States of America

Foundation year:
2006

Founder and administrator:

Jason F. McLennan and Bob Berkebile
and launched by the Cascadia Green
Building Coalition

It is a rigorous sustainability certification launched as a combined
effort of the US and Canada. It focuses on both social and environmental
dimensions with no mention of the economic dimension as all principles have
a strong or partial focus on social sustainability, while only some principles
focus on environmental.

It's a really demanding certification in general, that’s why only
173 projects are LBC certified with 613 projects under consideration for
certification, primarily in the US and Australia. There are only 2 projects
certified in Europe.
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Applications

New buildings
Interiors Principles
Renovations
. . - Place
Existing commercial buildings
Water
Urban areas E
nergy
Health and Happiness
Materials
Levels Equi
. . quity
2 levels of certification Beauty
Living certified
Petal certified
LBC Living Certification

This certification is destined for projects striving for the highest level of
sustainability and regenerative design whether they be new or renovation
projects.

LBC Petal Certification

This certification is designed for projects focusing on a specific thematic
or issue whether they be new or renovation projects, with the condition of
fulfilling at least one of these principles Water, Energy, or Materials.

Core Green Building Certification

This certification is destined for projects seeking a high aspiration for
sustainability in a more achievable way whether they be new or renovation
projects.

Zero Energy Certification

This certification is destined for projects focused on achieving net zero energy
through the on-site production of renewable energy whether they be new or
renovation projects.

Zero Carbon Certification
This certification is destined for projects focused on impacting climate change
through energy and materials whether they be new or renovation projects.
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DGNB

Deutsche Gesellschaft
fiir Nachhaltiges Bauen D G N B

Fig 6: DGNB certification logo
© DGNB

Country of origin

Germany

Foundation year:
2008

Founder and administrator:

German Sustainable Building Council

This green building certification considers the entire life cycle
of a project: from planning to its construction then its operation and its
deconstruction. It comes closest to an equal focus on each sustainable
dimension with balanced principles of health, resources and life cycle cost.
It’s one of the most flexible international certifications since it is usually
based on the standards and norms of the country where it’s applied.

In 2022, There are currently around 2’000 projects DGNB certified
including 14 in Switzerland.
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Applications

New buildings

Commercial interiors Principles
Renovations Environmental quality
Existing buildings

Economic quality

Sociocultural and functional quality
Process quality

Technical quality

Urban areas

Levels
A score based system with 4 levels
Platinum
Gold
Silver
Bronze

DGNB New construction

This certification is destined for new-built projects, it follows the project
from its planning phase to its completion and operation. It assesses the
construction performance based on six topics with their 37 sub-criteria:
ecology, economy, sociocultural and functional aspects, technology, processes
& site.

DGNB Existing Buildings and Renovation
This certification is destined for existing buildings renovated or not. It
evaluates the performance and use of the building.

DGNB Buildings in-use

This certification is destined for existing buildings in-use to minimize their
impact on the environment, especially with a carbon emissions neutrality
goal.

DGNB Interiors
This certification is destined for indoor environments to achieve comfort
through design and architecture affecting health and Wellbeing.

DGNB Districts
This certification is destined for the development of sustainable districts. It is
applied from planning to application.
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1.2.2 Energy performance certifications

Energy performance certifications are interested only in the energetic
performance of buildings or built environments (neighborhoods). Their main
objective is to reduce the energetic consumption all while trying to maintain
a comfortable interior for the users. They establish the condition of the
building envelope and technical installations to assess the energy efficiency of
the building envelope and the amount of energy that the building consumes
in standard use. This means energy for heating, domestic hot water and
electricity for lighting, ventilation and electrical appliances.

This type of certifications is one of the most used in Switzerland
specifically due to the Swiss Energy Strategy 2050 including various programs
to promote renewable energies, reduction of energy consumption, waste heat
recovery and the optimization of building services technology. This type of
certification is encouraged in Switzerland through cantonal financial aid for
energy-efficient buildings. Thereafter, the most widely used energy-efficient
building certification in Switzerland will be outlined.
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Minergie

MINERGIE®

Fig 7: Minergie certification logo

Country of origin

Switzerland

Foundation year:
1994

Founder and administrator:

Ruedi Kriesi and Heinz Uebersax
the Minergie Association

The Minergie standard is one of the oldest building certifications in
Switzerland and probably the most used. It focuses on the topics of climate
change and energy consumption and efficiency, based in particular on the
Swiss standards & norms (SIA).

There are over 50’000 Minergie certified buildings including up to
300 projects outside of Switzerland
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Applications

New buildings
Renovations Principles
Energy efficiency and sustainability
Comfort and health
Value Preservation and quality
Levels
3 types of certification
Minergie
Minergie-P
Minergie-A
Minergie

This is the basic level of certification that guarantees energy efficiency and a
high quality of design. It can valorize both new and renovated buildings.

Minergie-P

Created in 2003, this level of certification pushes the limits of energy
efficiency by having a more efficient envelope. It can valorise both new and
renovated buildings.

Minergie-A

Created in 2011, this level of certification requires a high level of energetic
independence via auto production of energy (solar panels, geothermic
energy...etc). It can be given to both new and renovated buildings.

These Minergie standards can have three complementary certifications
only obtained in association with a Minergie certification:
SQM Construction
This complementary certification is aimed at building owners and planners
whowantto ensure compliance with the most regulations during construction.

SQM Exploitation

This complementary certification optimizes the performance of the building’s
technical installations and their exploitation after construction, thus
guaranteeing maximum comfort.

ECO

This complementary certification proposes a component focused on the
health and well-being of the users and also the ecological aspects of the
building.
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1.2.3 User focused certifications

This type of certification addresses the health and safety implications
of both the building and its surroundings for the user. It is usually focused
mainly on the social dimension of sustainability through human well-
being inside and around the building, spaces that encourage good social
interactions, and the promotion of healthy transportation to and from the
building as well as inside it.

This type of certification that focuses solely on the users, their comfort,
health & well-being in the built environment and re-establishes the user as
the center point of the built environment is quite rare. Thereafter, the mainly
user focused building certification world-widely used will be outlined.
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WELL

Fig 8: WELL certification logo

Country of origin
United States of America

Foundation year:
2014

Founder and administrator:

Paul Scialla
the international WELL Building
Institute (IWBI)

This standard is considered as the first to focus on the people in the
building. It focuses mostly on the social dimension of sustainability as it’s a
certification that measures the comfort as well as the well-being and health
of users in buildings.

In 2022, 22°248 projects are WELL certified with 17’517 projects
enrolled. In Switzerland, there are up to 35 projects that are WELL certified
and/or in progress of certification.
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Applications

New buildings
Interiors Principles
Renovations Air
Existing buildings Water
Urban areas Nourishment
Light
Movement
Levels Thermal Comfort
A score based system with 3 levels Sound
Platinum Material
Gold Mind
Silver Community
Innovation

Well Building Standard
This certification is destined for new, existing, or renovated buildings whether
they are residential or commercial buildings.

WELL Community Standard

This certification is destined for communities that aim to protect health and
well-being across all aspects of community life. It is a district-scale rating
system promoting human health and well-being.

WELL Rating systems
This is a rating system to help owners and managers assess and improve the
environment they provide for their employees and visitors.

The WELL Health-Safety Rating is especially created for the pandemic.

The WELL Performance Rating is designed to advance health through
smarter buildings.

The new WELL Equity Rating is created to help diversity, equity and
inclusion in company cultures.
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1.3 Certifications of focus

The greatest majority of the population spend 80-90% of their time
inside buildings (Sarbu and Sebarchievici 2013). Most of their interactions
are also with a built environment whether it be a designed outdoor space
like a park or an actual building, from their homes to their workplace and
service and activity buildings. The users’ experience and comfort in these
built environments are thus an important aspect in building design.

This essay will focus primarily on certifications that promote the
comfort of users in the built environment. The variety of certifications
were selected based on either their considerable use in Switzerland and/or
worldwide, or due to the level of focus they bring to the social dimension
of sustainability, especially health and comfort. Due to the limited number
of case studies on some building certifications the selected certifications of
focus are narrowed to Minergie (Eco), WELL, and LEED.

Well

As it is the first standard that focuses solely on the users and people in
the built environment, it requires attention when assessing the performance
of user comfort standards. Its expanding international scope is slowly
reaching Switzerland which adds to its importance in this essay.

Minergie (Eco)

As explained before, Minergie is one of the most used certifications
in Switzerland. Despite its main focus on energetic efficiency, an additional
certification goal is to secure a high level of occupants’ comfort through the
indoor environmental quality with the compliment Minergie-ECO. The focus
will be on the duality of ensuring the users health all while maintaining a
good energetic performance of the built environment.

LEED

Even though it puts minor focus on the health aspect, it is so widely
applied in Switzerland and in the world that it is necessary to study its
influence on the users and their experience in the built environment.
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1.4 Research intent

One of the most important considerations when designing a building
is the comfortable environment that it can provide for its occupants. Comfort
in buildings is affected by a great number of different factors which can, if not
addressed properly, lead to not only different levels of discomfort, but can
also cause harm and ill health to occupants.

As the impact of green building certifications is constantly growing in
the construction and building industry, their influence on user comfort and
health is vital. However as seen above, there aren’t many certifications that
focus on the comfort of the users specifically. Furthermore, the real question
is if these certifications do really achieve the users’ satisfaction and comfort.

This essay will try to shed some light on the effectiveness of some of
these building certifications in guaranteeing user comfort, their advantages
and their limits and how can architects employ these certifications to improve
the design of the space all while ensuring the user’s comfort.

In the pursuit of answering this question, this essay will first briefly
explore and define what is known to affect users’ comfort. Then, through users’
opinions and satisfaction rates in different case studies on certified buildings,
their impact on user comfort will be examined as well as identifying their
features, advantages and limits. Ultimately, the important role of architects
in designing the space and built environment will be addressed to establish
how they can contribute to attaining user’s comfort whilst obtaining the in-
demand building certifications.

The ambition of this essay is to stimulate the architect to understand
the impact of these certifications on user comfort as it is the center point of
building design. Moreover, identifying their flaws and limitations as well as
their benefits can aid in designing better and more comfortable spaces which
is a primary objective of the built environment.
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DIMENSIONS OF
COMFORT




Comfort can be defined as a state of physical ease or relaxation and
freedom from pain and distress. Comfort is achieved through physical and
psychological well-being. However, during building design, physical comfort
is the main focus for architects as it can be integrated and controlled in the
design project in contrast to psychological comfort. Furthermore, physical
comfort is essential to work productivity, general satisfaction, and physical
and psychological well-being.

Physical comfort is a vast concept and term that contains a lot of
criteria and dimensions. Most literature and scientific articles address four
main dimensions of comfort:

- Thermal comfort
- Air quality

- Visual comfort

- Acoustic comfort

In this section, the main elements and factors of each dimension will
be summarized in order to have a global definition of user comfort in the
built environment according to scientific literature.

THERMAL
COMFORT AIR QUALITY
USER
COMFORT
VISUAL ACOUSTIC
COMFORT et

Fig 9: Diagram of physical comfort dimensions
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THERMAL COMFORT

2.1 Thermal comfort

According to multiple studies and scientific articles, Thermal comfort
is ranked by users as the most important parameter in achieving comfort
(Frontczak and Wargocki 2011). The direct influence of thermal comfort
and discomfort on users’ performance and productivity has even been
scientifically proved (Wargocki and Wyon 2017).

2.1.1 General definition of thermal comfort

Thermal comfort is scientifically defined as the equilibrium between
the metabolic emission of the person, meaning his heat production, and
the energy outflow, i.e. the heat loss through heat transfer between the
body and the ambient air (Karmann, Schiavon, and Bauman 2017). This heat
transfer between a person and his surroundings occurs under three forms:
Conduction, Convection, and radiation. A person normally loses heat by
convection with surrounding air, by radiation with surrounding surfaces,
and by conduction through clothing (P. Bluyssen 2009). A person also loses
heat through breathing and skin diffusion. They can also feel discomfort due
to high temperatures and sweating (P. Bluyssen 2009).




2.1.2 Factors affecting thermal comfort

To limit all these transmissions and heat loss, there are some factors
that can be controlled. Here are the most prominent aspects affecting one’s
thermal comfort:

Temperature

Several temperatures should be measured and controlled to achieve a
person’s thermal comfort. There is the indoor air temperature 7', that should
follow changes of outdoor temperature: increase in summer and decrease in
winter and taking into consideration the local climate conditions (Frontczak
and Wargocki 2011). There is also the mean radiant temperature T, with
bordering surfaces that should be monitored. This quantifies the exchange
of radiant heat between a human and their surrounding environment,
specifically neighboring surfaces. It can be controlled by ensuring that there
are no cold objects and surfaces in the space which can influence the indoor
air temperature and thus the person’s thermal comfort.

Humidity

It is the amount of water that exists in the air in the form of vapor (P.
Bluyssen 2009). There are both absolute humidity AH and relative humidity
RH. However, relative humidity particularly affects a person’s thermal
comfort. RH is the ratio between the amount of water vapor in the air and
the amount that would be present in saturated air at a given temperature.
RH ideally should be between 30%-70% (Taleghani et al. 2013). The greater
the air humidity the higher the perceived air temperature. This is due to the
human bodies’ reaction to high humidity through reducing transpiration,
which usually helps regulate the body temperature.

Air Velocity

Air velocity v, is the speed of air, traveling a certain distance in a
certain direction. The greater the air velocity, the greater the heat loss
and exchange between people in a space and the air around them through
convection. Sometimes, it is desirable to have high air velocity, for example
air from a fan in hot weather. However, it can also cause discomfort in colder
conditions when higher air velocities may be noticeable as a draught due to
turbulence intensity representing the fluctuation of the air velocity. Thus, air
velocity should be adjusted to the local climate conditions.
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Human factor

The human factor contains two main aspects, the activity performed
by the person and the thermal resistance of clothing (Sarbu and Sebarchievici
2013). Depending on the activity a person is accomplishing, there is a
different effect on their metabolic rate and thus their heat production. The
more strenuous the activity is, the faster their metabolic rate gets and the
harder the person breathes and sweats. These are the two main forms a
person loses and transfers heat with his surroundings. As for clothing, their
ability to transfer heat or to maintain it affects the thermal perception of the
user. The more resistant they are, the better they retain heat and limit the
transfer of heat between the body and its surroundings.
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Fig 10: Measurable factors influencing user
thermal comfort
In summary there are two ways to control these aspects depending on

their type. Either control the human related factors (Clothing and activity)
or control the air related factors (Temperatures T, & T, , Relative Humidity
RH, Air Velocity v, and turbulence). The human related factors can’t be
controlled while developing a project and are variable depending on the
person in question. However, the air related factors can be controlled via
the cooling, heating, and air conditioning systems. These systems are always
associated with a ventilation system whether it be mechanical, hybrid or
natural ventilation.
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2.1.3 Non measurable factors affecting thermal
comfort

There are other non-physical factors that influence thermal comfort.
These factors depend on the users and their differences but also on the space
in question.

Studies indicated that according to the activity done in the space or
what it represents to the users, the degree of thermal comfort can vary. For
example, residential occupants are less sensitive to temperature variations
and accept a wider range of fluctuation than students in school or workers in
offices (Rupp et al. 2019). This can be related to the different activities done in
the space such as stationary desk work in offices and school for a long period
of time. Or it can be due to the more personal control in residential buildings.

As for the other factors depending on the users, they vary from age
to climate zone of origin and gender. Studies exhibited that younger users
are more sensitive to temperature changes, the same for female users who
are more sensitive than their male counterparts (Rupp et al. 2019). Also, the
climate zone of the origin of the user is relevant since it was demonstrated
that people from dynamic climate zones like tropical zones, are more tolerant
to thermal comfort. However, this is only a temporary tolerance since it
diminishes with time spent in the same conditions (Pastore and Andersen
2019).

2.1.4 Sources of discomfort

Although the different systems have a high control on these factors,
there are still some phenomena that cause user thermal discomfort, mainly
the non-uniformity temperatures.

For instance, a big difference of temperature between distinct areas
of the ambient air like vertical temperature gradients (perceiving different
temperatures near the user’s head and feet causing discomfort) or radiant
asymmetries (the difference between the radiant temperature of two opposite
sides of a small plane element) can cause discomfort. Studies have revealed
that local thermal discomfort influences the whole-body thermal sensation
(Schellen et al. 2013).
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2.1.5 Design measures for thermal comfort

Air related factors such as air temperature, humidity and velocity are
the ones that can be controlled by the architect during the building’s design.
It depends on the HVAC system, which is the heating/cooling systems put
in place coupled with a mechanical or natural ventilation system. This
system uses water or air as a transportation medium of temperature from
one location to the other. Each system has a considerable space needed in a
building that must be integrated in the design of the building. Whether it be
heated and cooling radiant ceilings or floors.

However, this system must also be associated with a tight air envelope
to limit air infiltration and a higher control of indoor air temperature. This
can be achieved in newer buildings although it can be quite problematic
while renovating buildings. While renovating, architects try to limit the
interventions in the existing structure and facades which can be problematic
when trying to increase the air tightness of the building by adding insulation
layers. For heritage renovation the added insulation layers can change the
image and essence of the historical building. Furthermore, in some historical
buildings, there might not be enough space to add a conventional HVAC
system. That’s when the architect’s role is most important, by choosing the
best HVAC system and insulation for each specific case to balance between
the preservation of the historical character while improving the indoor
environmental quality.

There is also a huge influence of solar radiation on the indoor
temperature that must be considered while designing the facade. Direct
sunlight affects the heat sensation, depending on its intensity and duration,
it can influence positively or negatively the indoor temperature. For example,
in summer a transparent facade without shading and materials with high
inertia can result in overheating the indoor environment. However, using the
solar gain in winter can be beneficial for indoor temperatures.

In conclusion, there are many factors that can guarantee thermal
comfort. Some are easy to manipulate while others can’t be controlled during
project design. Since thermal comfort varies from one user to the other, it is
irrational to have the same criteria for ensuring thermal comfort all over the
world. Outdoor climate zone must be considered while defining the criteria
for indoor thermal comfort as well as the variability of a user’s comfort zone.
There is also the influence of daylight on thermal comfort and the substantial
link between thermal comfort and air quality.
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AIR QUALITY

2.2 Air quality

This is the only dimension that isn’t used with the term comfort since
it’s usually linked to the absence of discomfort or lack of foul odor or stifling
feeling in the air (Frontczak and Wargocki 2011). This dimension is usually
heavily affiliated with thermal comfort, as both are influenced by similar
aspects and have an impact on each other. Hence Xue et al. defined those
two dimensions as having the greatest influence on the users’ comfort (Xue,
Mak, and Ai 2016).

2.2.1 General definition of air quality

The main source of discomfort due to air quality is the diverse
pollutants that exist in the ambient air, specifically the concentration of
these pollutants over time. Especially since most of these pollutants are
unidentifiable by the human senses (odorless). To control the concentration
of these pollutants, there are some parameters and aspects that have to be
regulated (P. M. Bluyssen 2010).




2.2.2 Factors affecting air quality

To limit all the concentration of these pollutants in the air, there are
some factors that can be controlled (P. M. Bluyssen, 2010). Here are some
controllable aspects affecting air quality:

Source control

There are two main types of pollutants in indoor air, biological and
chemical pollutants. The biological pollutants consist mostly of micro-
organisms as in molds, bacteria... etc. and their discharges like dust particles.
The chemical pollutants are either gases and vapors or a particulate matter
like fibers. The main gaseous pollutants are CO, CO2, O3...etc. and all
forms of VOCs (Volatile organic compounds) like benzene and toluene.
There are various sources of these pollutants, and they exist abundantly
in our surroundings. They can vary from furniture and building materials,
to machines like printers, and even our own activities like breathing and
sweating.

The different pollutants have different methods of emission, and they
circulate over different time periods depending on conditions in the indoor
space like temperature and humidity. It is impossible to eliminate all types
of pollutants from our surroundings, it is only possible to control the known
sources of some of these pollutants all while regularly analyzing the air for
new pollutants.

Some of the main sources of pollutants are human activity: whether
it be natural breathing emitting CO2, smoking, or cooking emitting odors or
using machines like printers and photocopiers emitting O3. These activities
are essential in our daily lives. Therefore, the only way is to control the
emissions either by having specific areas for these activities to limit the
spreading of these pollutants like smoking areas, or to have a good ventilation
system to renew the air and reduce the amount of these pollutants in the
surrounding air.

Another main source of pollutants is cleaning and chemical products,
furniture and building materials like carpets or paint. The solution is to
reduce the number of objects and chemicals in our surroundings that emit
pollutants. There is also the option of storing all chemicals in an isolated
space. The regular analysis of air particles and the regular inspection for
micro-organisms like molds or fungus are highly recommended.
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Fig 11: Types of air pollutants

Ventilation

This is the process of removing the different pollutants from the
surrounding air by extracting the air and introducing new fresh air. This
process reduces the concentration of the pollutants and limits the duration of
exposure to it. The higher the ventilation rate Q, the higher the performance
and comfort of the users (Wargocki and Wyon 2017). However, this happens
only when the introduced new air is clean and supplied to the right places.
This implies that new fresh air reaches the user’s head as closely and as quickly
as possible while the extracted air is evacuated with the same speed. That’s
where air velocity influences air quality, the balance between the necessary
speed to introduce new air while avoiding thermal discomfort must be found.

Air cleaning and freshness

This strategy requires the removal of most pollutants whether
they are gaseous, airborne particles or micro-organisms. This can be done
through the filter integrated in the ventilation system for the introduced air
or through electronic air cleaners like air purifying machines. These options
need regular maintenance by changing filters and to always maintain the
space clean and clear of all known sources of pollutants. There is also the
solution of adding indoor plants, that have a positive effect on air freshness.

In summary there are two ways to control these aspects either control
the content of the air by eliminating all sources of pollutants or renew the
air to reduce the concentration of the pollutants. The pollutant sources
can partially be controlled while developing a project through the choice of
non-polluting materials or through the space design. For air renewal, it is
mainly achieved through the design of the ventilation system whether it be
mechanical, hybrid or natural.
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2.2.3 Design measures for air quality

As discussed above, ventilation systems are the main course of action
to ensure air quality indoors. There are three general ventilation systems:
natural, mechanical and hybrid systems. The natural ventilation system is a
passive way to exchange indoor and outdoor air via openings like ventilation
ducts and openings or windows and doors. Mechanical ventilation is an
energy-based system that not only conditions the air but also moves it. The
hybrid system combines both systems, favoring natural ventilation as much
as possible except in instances with poor outdoor conditions like noise or
pollution.

Ventilation systems

Natural Mechanical Hybrid
ventilation ventilation ventilation

Ventilators
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Natural ventilation is Mechanical ventilation Hybrid ventilation is a
the passive way to circulate fresh air using combination of natural
exchange air with the ducts and fans, rather (grids & opening

outdoors and to
evacuate indoor
pollutants through
ventilation openings
such as doors and
windows or natural
ventilation ducts.

than relying on airflow
through openings. It
employ fans’ power to
exhaust the polluted air
to the ambient and
supply clean air into the
room.

Fig 12: Types of ventilation systems
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windows) & mechanical
ventilation facilities,
both of which can be
used, with natural
ventilation being
applied alone as much
as possible.

Several scientific articles declared, following case studies and users’
opinions, that better air quality and thermal comfort is offered by natural
ventilation (Rupp et al. 2019) (Teitelbaum and Meggers 2017). This may be
the result of a higher degree of users’ personal control in natural ventilated
buildings, offering the user a vaster adaptability to the indoor environment.
There is also the freshness of air that eliminates the feeling of stuffiness in the
indoor environment. This can be achieved through air filters as mentioned
above or through the integration of plants indoors that contribute to air
purification (Grzegorzewska and Kirschke 2021).

Fig 13: Use of plants combined with ventilation system

In summary, there are a lot of pollutants sources that can’t be all
eliminated. The only solution is to work with these sources and to have
a regular new and fresh air supply to reduce the concentration of these
pollutants. That’s why the ventilation system in a building is essential
in ensuring users’ comfort. However, the speed and temperature of the
introduced air must be well monitored for it greatly affects users’ thermal
comfort. If the introduced air is too cold or has a very high speed, it can cause
discomfort and have a negative effect on the users’ general comfort.
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2.3 Visual comfort

This dimension might not be ranked as the most influential on
users’ comfort. However, it is fundamental for the normal functioning of
a person and to accomplish any kind of activity, without health problems
like eye strain and headaches. It is crucial for the occupant’s health, physical
capabilities, memory, and attention. This dimension is a complex one with
multiple definitions possible and different criteria and factors affecting it
(Thuillier 2017).

2.3.1 General definition of visual comfort

Visual comfort depends solely on light and its perception. Light is a
form of energy that allows us to perceive our surroundings. This radiation
that reflects on objects and surfaces can then be seen by the human eye and
can be interpreted in our brains, thus allowing us to perceive and understand
the world around us. Light has multiple characteristics and factors that need
to be adjusted or controlled to ensure a comfortable vision of the user (P.
Bluyssen 2009).
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2.3.2 Factors affecting visual comfort

To ensure a comfortable amount of light for the normal functioning of
a person, here are some controllable and adjustable factors that affect visual
comfort (P. Bluyssen 2009):

Sources of light

Sources of light, whether natural or artificial, require having a certain
intensity and to be composed of certain radiations for users to be able to
recognize their environment.

Natural and artificial light

Natural light is mostly called daylight. It is a combination of direct
sunlight and atmospheric light which is the sunlight refracted and reflected
by the air and the surrounding objects. It is the main source of light known to
humankind. However, as its name suggests, this light is variable, it changes
intensity through the day, and it diminishes at night. It also lasts for different
time intervals throughout the year.

Therefore, contemporary society depends on artificial light to perceive
their surroundings when daylight isn’t available during hours beyond
daytime or due to architectural design such as deep floor plates, lack of
daylighting entry in the space, or poor daylighting design in which the blinds
are constantly pulled. Thus, balancing natural lighting and complementing it
with artificial lighting is crucial for the visual comfort of indoor environments.

Light intensity

The intensity of light I is the amount of light flux emitted by the
source within a certain space. It is the perceived power of light. The higher
the intensity of light is, the brighter the light will be, and the space can be well
lit and easily perceived.

Light color

Light is composed of a spectrum of radiation with specific wavelength
A, the visible part ranges from 380 nm (violet) to 780 nm (red). All colors of
the spectrum are needed for people to see all present colors in the indoor
environment. Since daylight contains all the spectrum, even the non-visible
part, the artificial light tries to replicate as much as possible the visible part
of daylight’s spectrum.
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To quantify this, color temperature is used and its measurement unit
is Kelvin K. Light has a different color temperature which gives a different
impression of colors. A white light’s color temperature can range from 3’300
K (warm white) to 7000 K (cool white). Daylight has a color temperature of
approximately 6’500 K.

However, the use of both cool and warm white depends on the activity.
The higher color temperature boosts alertness which helps improve activities
necessitating higher concentration. It was proved scientifically that users
prefer cool white light in work or education environments since it demands
a higher concentration and alertness. And lower color temperatures (warm
white) are more associated with relaxing spaces (Shamsul et al. 2013).

Distribution of light

Since light is a form of energy that disperses in the surroundings,
there are some factors that are related to these surroundings that affect the
distribution of light like the lights’ illuminance and luminance.

Light level

Illuminance E is defined as the amount of light falling and spreading
on a certain area or surface, it is measured with the unit lux. Depending on
the task at hand, a different amount of light is necessary for the user to see an
object comfortably. In general, it varies from 20 lux (identifying features of a
face) to 5’000 lux (unrecommended since it can cause light blindness). The
normal level of light for an inhabited space is between 200 & 300 lux. However,
for concentration and work in offices, a 500 lux threshold is recommended.
This limit can go up to 750 lux for fine detail work in workshops.

Luminance distribution

Luminance L is the ratio of light illuminating a space depending on
the angle of incidence and the contrast between what is illuminated and what
is not. The difference of lighting between the foreground and background
of the visual field can cause discomfort. This is the phenomenon of Glare.
There is also the flicker rate that can cause discomfort. It is defined by the
frequency and speed of change in luminance or color over time in the same
illuminated area.

Glare and flicker rate are some of the main problems causing
visual discomfort since the human eye must adjust to the contrast of light
repeatedly the whole time. These phenomena can affect user’s health causing
eye illnesses in the long term.
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Light perception

Light perception depends on how the object is finally perceived by
the user. It depends on the light signal received by the user and how they
interpret it.

Color rendering

It is the ability of a light source to accurately give the right impression
of the colors of the objects. Each light source reproduces the colors of the
objects differently. Thus, a color rendering index R was created to measure
this feature. The higher the index the better since the colors are accurately
perceived.

In summary, most of the measurable factors influencing visual
comfort are related to the light source and its different characteristics.
Certain thresholds and minimal values are crucial for not only a comfortable
vision but also a visible environment for the functioning of a person. Daylight
should always be promoted since natural light is better for user’s health as
the eye can adapt to lower levels of illuminance for natural light rather than
artificial light.

2.3.3 Non-measurable factors affecting visual
comfort

There are other factors related to the user that affect their visual
comfort. The main factor is the sharpness of their eyesight. If the eyesight
is not properly corrected by glasses or contact lenses, it can affect the visual
comfort of the person. This can be visible with older users who have non-
corrected bad eyesight due to eye degeneration with age and how it influences
their visual comfort for simple tasks. There is also the influence of the activity
on visual comfort. Since a correlation between the level of light needed and
the activity done by the user is essential to ensure visual comfort.
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2.3.4 Other aspects of visual comfort

Visual comfort doesn’t solely revolve around light exposure and
access. There is also the direct visual connection possible due to the multiple
functions of windows. Windows and other transparent openings are essential
for both daylight entry and for visual contact with the outdoors. The direct
visual contact with opposite buildings that can occur due to proximity
between buildings, or the out proportioned windows can cause discomfort
depending on the type of activity done in the space. It was demonstrated that
most users prefer having a visible skyline with greenery for the outdoor view,
especially in office buildings.
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Fig 14: Measurable factors influencing user visual
comfort
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2.3.5 Influence of light on thermal comfort

Light being an energy wave, it also influences users’ thermal comfort.
Depending on the amount of direct daylight entry, due to orientation and
facade design, it can poorly influence the users’ sensation of comfort. For
thermal comfort, direct sunlight increases the sensation of heat and can
be either pleasant or it can cause discomfort even if the temperature of the
indoor air is acceptable.

However, this direct sunlight can be used to increase thermal energy
and temperature in a building, heating the space in cooler climates. And thus,
reducing the energy needed for heating systems. But in warmer climates or
during extremely hot seasons, solar gain can be problematic and can cause
discomfort for occupants. All these problems, whether it be direct vision
between buildings or heat waves and overheating due to sunlight, can be
prevented by solar screens or shading that can be personally controlled by
the users.

Fig 15: Influence of sunlight on thermal
comfort
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2.3.6 Design measures for visual comfort

To ensure visual comfort in a building, an architect must guarantee
sufficient amount of light whether it be natural and/or artificial, and to
provide an adequate outdoor view with the possibility to control visual
privacy. For a sufficient amount of light, it starts with the orientation of the
building if it’s a new construction. Orientation can be one of the obstacles in
ensuring visual comfort while renovating buildings. Controlling orientation
and windows dimensions offers management of the entry of sunlight in the
indoor space which is essential for the user circadian cycle. which is a natural
cycle of physical, mental, and behavior changes that the body goes through
in a 24-hour cycle, and it is mostly affected by light and darkness.

Afterward, the intensity and color temperature of artificial lighting
needs to be regulated and adequate for the specific activity performed in each
space. The position of the lighting system in the building and the degree of
its control and regulation by the users is also essential to ensure comfort
and ought to be considered during design. Personal control can also extend
to solar shadings and screens that play a role in adjusting the influence of
sunlight on indoor temperatures and offer a certain degree of visual privacy
from the outdoor.

Visual comfort is extremely important and depends on a lot of factors
whether they are related to light and its characteristics or how the users
perceive and interpret the view around them. The amount of daylight entry
is one of the foundations in project design: how to regulate this necessary
entry and how to limit it when needed to avoid its negative effects on users’
comfort.
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2.4 Acoustic comfort

The acoustical environment is often given little attention during
project planning in comparison with the other comfort dimensions. However,
noise levels may be detrimental to concentration, communication, rest or
health which affects users’ health and comfort.

ACOUSTIC COMFORT @M@l

2.4.1 General definition of acoustic comfort

This dimension of comfort depends solely on sound and noise.
Sound is produced through the transmission of energy through air particles.
When surrounding sounds become too intense, it causes discomfort and is
considered as pollution. Noise pollution is another form of air pollution since
sound transmission is only possible through air particles. To avoid noise
and the discomfort it can bring users, there are some factors that need to be
controlled.




2.4.2 Factors affecting acoustic comfort

To limit sound pollution in the indoor environment, there are some
factors that can be controlled (P. M. Bluyssen 2010). Here are some controllable
aspects affecting acoustic comfort:

Sound sources

This factor includes the intensity & frequency of the sound emitted.
These two parameters are the most important for the sound source as they
define how much sound is created and how harmful (too loud or too high and
low pitched) it is to the human ear.

Intensity level

Sound or acoustic intensity I is the power carried by sound waves
in a defined area. However, the way our ears perceive sound can be more
accurately described through the sound pressure level L. which is the level of
the intensity of a sound relative to a reference value. This aspect is measured
in dB. The human ear can perceive sound in a range from 0 dB to 140 dB
which is the maximum level of pain caused by a sound. Normal conversation
and traffic range from 60 to 75 dB while loud music can go up to 110 dB.

Frequency

Sound frequency fis the pitch of the sound, it varies depending on the
number of repetitions of sound waves per second. The human ear has a range
from 20 to 20’000 Hz, however it is most sensitive to 3’°000- 5’000 Hz. Multiple
scientific articles analyzed the influence of different sound frequencies on
health. It was determined that exposure to low and high frequency noise can
cause irritability and annoyance as well as sleep disturbance and negatively
affect the variation in heart rate (Araiijo Alves et al. 2020).

Sound distribution

This is related to how the sound is distributed in a certain space. It
depends on reverberation time, sound insolation and sound absorption.

Reverberation time
Reverberation time T, is the time needed for a sound to diminish in

the environment and become imperceptible. Reverberation time depends
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on the size of the space, and on the capacity of the surfaces and elements
inside it to reflect or absorb the sound waves. When reverberation time is
very long, the sound level diminishes slowly, resulting in words and sounds
overlapping. On the other hand, when the reverberation time is too short,
all types of sound lose quality and nuances. To ensure acoustic comfort,
reverberation time should be corrected through sound absorption materials
limiting the propagation of sound.

Sound insulation and absorption

Sound insulation R is the materials’ ability to transfer the sound,
since materials can transfer, reflect, and absorb sound waves, thus stopping
its spreading. This materials’ ability is then used to mitigate sound transfer
from one space to another.

This transmission can be between outdoor and indoor spaces, or
between two indoor spaces. The outdoor-indoor transmission is usually
through air sound transmission which depends on the vibration of the
building’s facade. Thus, according to the type of facade, its vibrating response
to sound waves is different, transmitting the sound differently. For the
indoor-indoor transmission, it occurs through both air and contact sound
transmissions. Either a sound source vibrates air that vibrates a separating
wall which then vibrates air on the other side, or the sound source directly
vibrates the wall through contact which then transfers sound into the other
space.

In indoor spaces, the volume of the space has a big influence on the
distribution of sound. The bigger the volume, the longer it takes for sound
waves to reach a surface that can either absorb it, reflect it, or transfer it.
In bigger volumes like offices, absorbent materials are essential to absorb
most of the reverberating sound waves in the air. There are porous materials
that maintain the sound wave inside like carpets, curtains, and fabric, while
resonating panels transform absorbed sound waves into heat. Then there
are resonators and perforated panels which dampen sound through small
channels, behind which a porous material can absorb the sound.

There are also materials that reflect sound waves like concrete and
plaster which can cause an echo effect. Echo is the reflection of sound due to
hard or hollow surfaces causing the repetition of the sound waves on different
time intervals. It can be prevented or reduced through absorbing materials
on these surfaces.
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Sound perception & interpretation

This is the human factor influencing sound. It depends on the users’
concentration during an activity and their speech intelligibility.

Speech intelligibility

Speech intelligibility depends on the background noise and the
difference between the two sources of sound. Reverberation time has
an influence on clarity of speech hence the use of sound absorbing and
dampening materials to shorten that reverberation time.

Concentration

Concentration depends on surrounding sounds and the degree of
their uncomfortable influence on the user. It can be done by removing higher
and lower frequencies that can be uncomfortable.
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Fig 16: Measurable factors influencing user acoustic
comfort

In summary there are two ways to control these aspects either control
the characteristics of the sound source like intensity and frequency or correct
sound distribution that can cause discomfort through absorbing materials.
Limiting noise transfer between outdoor-indoor spaces or indoor rooms
through sound insulation is also essential to reduce acoustic discomfort and
its negative effect on human productiveness and psychological state.

66

2.4.3 Non measurable factors affecting acoustic
comfort

In some studies, it was determined that the users’background of origin
and their habits had an influence on their tolerance and sensitivity towards
noise and acoustic discomfort. For users who have lived most of their lives in
noisy neighborhoods or big cities have a higher tolerance towards noise than
those who lived in calmer regions (Frontczak and Wargocki 2011).

2.4.4 Design measures for acoustic comfort

There are many factors influencing sound and how users perceive it.
There are two main sources of noise, outdoor noise for example from traffic
noise outside, which cannot be completely controlled, only mitigated, and
reduced by highly insulating the outdoor and the indoor environment.

However, for indoor noise produced from mechanical equipment
in adjacent spaces or machines and voices in the space, there are multiple
design aspects that can be controlled. For instance, the ratio between the
volume of the space and the insulating materials used in said space has a
great effect on acoustic comfort. Likewise, reducing vibrations and noise
transmitted through contact or air, due to sanitary appliances, ventilation
systems and other machinery in buildings, must be a priority while designing
spaces for these elements.

This dimension might have a lesser influence on other comfort
dimensions, but it has a great influence on user comfort. It affects both the
health and well-being of the user since it can cause anything from just mild
irritation to serious psychological health risks.
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2.5 General Conclusion

In this section, the main dimensions of comfort were explored, what
factors affect each of them, and how these factors can be controlled to ensure
better users’ comfort. Some of these factors influence multiple dimensions and
in almost all dimensions, the users’ personal control on their surroundings
had a huge influence on their comfort. The interactions and influences of the
four dimensions on each other is briefly explained and illustrated with the
figure below.

COMFORT
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COMPARISON OF
CERTIFICATIONS AND
USER COMFORT




After this summary of the main dimensions of users’ comfort in a
building and how to control them, the core of this section will be how they
are integrated in the certifications of focus, and where are the limits and
discrepancies.

In order to identify those inconsistencies, multiple case studies
on occupant comfort and the quality of indoor environment in certified
buildings are considered. However, there were some limits to these case
studies. Most of them examined the indoor environment of office buildings,
particularly comparing conventional buildings without certifications with
newer or renovated green-certified buildings. Another hindrance was the
limited number of case studies done on some of the studied certifications
like Minergie ECO.

3.1 WELL certified buildings effect on
user’s comfort

This standard is considered the first to focus on the people in the
building. It is composed of 11 main principles with a score-basis system.
These principles are Air, Water, Nourishment, Light, Movement, Thermal
comfort, Sound, Material, Mind, Community & Innovation. Thus, this
certification considers the four comfort dimensions discussed above and
approaches other non-measurable dimensions that affect the users’ comfort.

3.1.1 Concepts and principles of WELL certification

Each of the 11 principles has its own list of preconditions and
optional criteria. Projects must achieve all preconditions which are not
allocated points. In order to achieve different levels of WELL certification a
certain number of points should be obtained through optional criteria called
optimizations.
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To discover this certification and its criteria, the 11 principles will be
inspected and outlined.

Air

This principle considers air quality in the indoor environment. It
is composed of 4 preconditions and 10 optimizations. The 4 preconditions
deal with ventilation systems and pollutants control whether it be gaseous
or organic pollutants and their sources from human activity like smoking to
construction materials.

As for the optimizations, they range from the user control through
openable windows, to air supply, filtration, and monitoring, and also source
control through source separation and minimization.

Water

This principle considers the access to clean water inside the building.
It is composed of 3 preconditions and 6 optimizations. The 3 preconditions
deal with water management, distribution, and quality in the building to
avoid any negative effect on human health.

As for the optimizations, they consider the promotion and importance
of hydration for human health, as well as the high quality of drinking water.
They also ensure hygiene support through bathroom availability in addition
to the re-use of water to avoid water waste.

Nourishment %

This principle considers the healthy nutrition substances and
their availability in the building. It is composed of 2 preconditions and
12 optimizations. The 2 preconditions deal with the consumption and
accessibility to healthy and diverse food like fruits and vegetables.

As for the optimizations, they range from the quality and sources
of offered nutrition as well as its variability, to providing spaces for food
preparation and production on site, as well as nutrition awareness and
education for users.
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Light

This principle considers visual comfort in the indoor environment.
It is composed of 2 preconditions and 7 optimizations. The 2 preconditions
deal with the necessary amount of light inside the building through both
natural and artificial lighting.

As for the optimizations, they range from promoting user control to
the lighting design to aid the circadian cycle and increase daylight exposure,
as well as the quality of artificial light and avoidance of discomfort sources.

Movement

This principle considers physical activity in the indoor environment.
It is composed of 2 preconditions and 9 optimizations. The 2 preconditions
deal with the ergonomic furniture and design of the space to facilitate physical
activity.

Asforthe optimizations, they range from promoting physical activities
through space design, equipment and circulation, as well as encouraging
cycling and use of public transport with the site planning and selection.

Thermal comfort

This principle considers thermal comfort in the indoor environment.
It is composed of 1 precondition and 8 optimizations. The precondition
ensures an acceptable thermal environment for most users.

As for the optimizations, they consider user control through openable
windows or thermal zoning, as well as the monitoring and control of humidity
and ventilation rates affecting thermal comfort.

Sound

This principle considers acoustic comfort in the indoor environment.
It is composed of 1 precondition and 8 optimizations. The precondition
considers noise control through planning and space design.

As for the optimizations, they range from acoustic conditioning
through sound isolation and absorbing materials, as well as high-performance
audio technology and promoting awareness of risk of hearing loss.

75



Materials él

This principle considers used materials in the indoor environment. It
is composed of 3 preconditions and 9 optimizations. The 3 preconditions deal
with the quality and management of construction materials in the building to
avoid any health risks to users.

As for the optimizations, they range from the control of all types of
materials and chemicals on site, as well as waste management and exposure
reduction to hazardous materials.

Mind

This principle considers psychological and mental health. It is
composed of 2 preconditions and 9 optimizations. The 2 preconditions deal
with mental health promotion as well as connection to nature.

As for the optimizations, they range from mental health education and
aid through support programs and promotions as well as a higher connection
to nature in the interior design.

Community %}

This principle considers the influence of community on user’s health.
It is composed of 4 preconditions and 16 optimizations. The 4 preconditions
deal with the well-being and health of users as well as their safety and their
integration in the design, in addition to the importance of users’ opinions
through surveys.

As for the optimizations, they range from the well-being of the users
and their family through different support groups and programs as well as
health benefits, to diversity and accessibility both in design and community.
They also promote emergency resources and plans for users.

Innovation

This principle is composed of only 6 optimizations with no
preconditions. The 6 optimizations deal with the evolution of the Well
certification by proposing new interventions and the promotion of well-being
education and importance of sustainability and green certifications.
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Following this small summary of the Well certification aspects, the
diversity of their goals can be observed. This certification considers the 4
dimensions of comfort: thermal, visual, acoustic comforts as well as air
quality, as well as a unique attention to non-measurable aspects like physical
activity and healthy nourishment that influence not only users’ physical
health but also their psychological and mental health.

3.1.2 Case studies’ analysis of WELL certified
buildings

To discover the effectiveness of the WELL certification with its
multiple principles inguaranteeing user comfort, health and WELL-being,
multiple case studies of users’ opinions and satisfaction in WELL certified
buildings are analised in this section.

In the majority of the case studies, the WELL certified buildings had a
higher satisfaction rate with non-environmental parameters like furnishings,
colors and textures (Licina and Yildirim 2021). The higher satisfaction
with maintenance and cleanliness was also noted in the WELL certified
buildings than conventional ones. Nevertheless, that higher satisfaction
was insignificant in comparison with other certified buildings like BREEAM
(Ildiri et al. 2022).

However, for the physical and measurable dimensions, there were
some discrepancies. Generally, most WELL certified buildings have a higher
satisfaction rate than conventional buildings, particularly with air quality
despite the occasional higher concentration of VOCs and the measurements
of some factors out of requirement zones (Licina and Langer 2021). Noise and
acoustic comfort were the most problematic physical dimension in all case
studies followed by temperature and thermal comfort.

For the acoustic comfort, the reason might be due to the plan and
layout of offices that are predominantly open plans with low separations
and partitions between workstations. As for thermal comfort, there was
an increase in satisfaction than in non-certified buildings, although the
dissatisfaction with temperature might be in some cases due to the absence
of personal control or temperature fluctuations (Licina and Yildirim 2021). For
light and visual comfort, satisfaction levels varied from one project to the
other. Some had a higher visual and privacy satisfaction, while others had
a non-significant or sometimes negative difference between WELL-certified
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and non-certified buildings.

In some of the case studies, there was an analysis of time’s influence
on satisfaction in certified buildings. For this study, there was a time gap of
7-8 months between two surveys done in the same WELL certified buildings
to identify if there is a difference in occupant’s satisfaction. In most cases
there were not any remarkable differences except some seasonal influence
on temperature and light (Licina and Yildirim 2021) or a better air quality
measurement in the later survey due to fresh paint produced particles present
in the air after relocation (Licina and Langer 2021).

Despite the insignificant time effect on satisfaction proven, a regular
occupant satisfaction survey and maintenance is necessary to guarantee the
certification status of a building. This act is necessary due to the occasional
out of recommended standard limits of some physical factors like the relative
humidity in the case study done by Licina and Langer (Licina and Langer
2021). In this case study the relative humidity measures were out of the
recommended values which are between 30%-60%. It was also observed that
the higher level of certification doesn’t necessarily guarantee a higher level
of comfort, as a decrease in satisfaction can be noted in one of the buildings
with a platinum WELL certification in the case study done by Licina and
Yildirim (Licina and Yildirim 2021).

3.1.3 Limits and opportunities of WELL
certification

Despite WELL certification being solely focused on the well-being
and health of the user inside the built environment, it isn’t able to completely
guarantee their comfort.

This certification has its advantages related to the non-environmental
aspects which are not always considered in other certifications, like the
importance given to mental and psychological health through different
awareness programs or even physical and physiological health through
nourishment quality and the promotion of physical activity. It is one of the
few certifications that include the importance of accessibility, diversity and
comfortable furniture which boosts the user’s mindset and performance.

However, there are still problematic physical dimensions like acoustic
and thermal comfort to be improved. Although the four physical dimensions

78

of comfort are the usual components of comfort in most scientific studies
(Sarbu and Sebarchievici 2013), these dimensions have the least number of
preconditions and optimizations in the Well certification. Some even having
only one precondition with a global definition and criteria to guarantee
comfort.

WELL certification has a major focus on non-environmental and
non-physical dimensions of comfort although these are the more accessible
dimensions to control during the design of the building, while most of the
other principles can only be managed by the owners and management of
the building after its completion. Thus a distribution of these principles into
design-dependent and service-management-dependent categories might aid
both the architects and the developers to better understand and apply this
certification (Potré Obrecht et al. 2019).

WELL has a comprehensive insight on users’ well-being and comfort,

but it can be time-consuming and demands effort from the designing team
on specific topics unrelated to design (Potré Obrecht et al. 2019).
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3.2 Minergie certified buildings effect on
user’s comfort

Minergie is the oldest and most used building certification in
Switzerland. It focuses mainly on climate change and the energetic efficiency
of buildings. Itisn’t really considered a user focused certification, nevertheless
there is a complimentary certification that can be added to the Minergie label
called ECO. This complementary certification proposes a component focused
on the health and well-being of the users as well as the ecological aspects of
the building.

3.2.1 Concepts and requirements of Minergie
certification

Minergie is established to attest the high energy efficiency and
comfort of new and refurbished buildings in Switzerland, associated with
the annual energy consumption of the buildings for space heating, hot water
and electrical ventilation. Despite having occupants’ comfort as one of their
main goals, there are no specific requirements to attain that goal except
for thermal comfort and air ventilation which is one of the outcomes of the
required energetic efficiency.

This certification isn’t score-based like most of the green building
certifications, nor does it have different levels. However, there are 3 different
Minergie certifications that have various degrees of energy efficiency and
production.

The main requirements for all Minergie certifications are:
- envelope airtightness and insulation
- use of energy-efficient ventilation system
- a large proportion of renewable energy supply and production.

As for the other two degree of certifications, Minergie-P pushes the
limits of the energy efficiency by having a more efficient envelope in order
to lower energy consumption while increasing thermal comfort all year
long. Minergie-A requires a high level of energetic independence via auto
production of energy (solar panels, load management, geothermic energy...
ete).
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The complementary certification Minergie-ECO includes aspects
related to health and ecology of the construction. Indoor air quality (IAQ),
natural lighting, noise protection and sound insulation are taken into
consideration in the upgraded Minergie-ECO label. This complementary
label also considers the design of the building, its flexibility and life cycle as
well as the construction materials and their impact on the environment.

MINERGIIE ECO
Comfort Health Daylight
- High thermal comfort - optimized daylighting
- Summer solar protection - Low noise pollution noise
-Systematic air renewal - Low concentration of pollutants, protection

germs and radiation Indoor

climate

Environmental respect ~ Better quality of life

Energy efficiency Building ecology Bdueli(ii;g

- total energy consumption about - long life, flexibility, possibility of

20%. deconstruction Materials and

-Fossil fuel consumption approx. -Use of recycled materials, labelled construction

50% below the average consumption  products, soil protection processes

for the average state of the art - Low grey energy for the total of all grey energy
materials used materials

Fig 18: Criteria of Minergie & Minergie-ECO

All buildings with a surface greater than 2’000 m2 must be equipped
with energy monitoring systems as well as all Minergi-A certified buildings
regardless of their size. Random controls can be effectuated on Minergie-Eco
buildings to verify the regularity of the requirements and the quality of the
indoor environment.

The different Minergie certifications have one main goal: high
energy efficiency, with the user comfort as a complementary goal. However,
sometimes this high energetic efficiency of buildings can become a hindrance
to user comfort.

3.2.2 Case studies’ analysis of Minergie certified
buildings
As this certification doesn’t necessarily focus on user comfort,
the goal was to focus on the complementary certification Minergie-ECO.

However, since this certification is primarily used in Switzerland with
no wide international reach, case studies on Minergie certified buildings
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were limited. There are two case studies considered in this essay: the first
compares between four offices with different Minergie certifications (Pastore
and Andersen 2019), while the second compares Minergie housing with
energy-renovated dwellings (Yang et al. 2020).

There is a consensus that green-certified buildings are perceived as
more comfortable than conventional ones, even if they are energy-renovated.
Nevertheless, there is still discomfort in these certified dwellings due to air
quality. To achieve the Minergie standard, the building must be airtight with
low air infiltration which can result in poor air quality if not sufficiently
compensated with a proper ventilation system (Yang et al. 2020). This can
also be perceived in the office building with the ECO certification having no
openable windows. This lack of control of occupants had a huge influence
on their level of discomfort and complaints about “stuffy” or “smelly” air
(Pastore and Andersen 2019).

Other problematic dimensions noticed in the office building with the
ECO certification regarding the other Minergie certified offices are acoustic
and thermal comfort. The main source of the noise complaints was the
HVAC and building systems, probably not properly insulated. As for thermal
comfort, temperature was perceived as too cold even in summer, probably
due to the central air conditioning system without any personal control
which was one of the main reasons of discomfort (Pastore and Andersen 2019).

As for visual comfort, it was overall acceptable with some episodes
below the acceptable range. However, concerning the outside view, the
ECO-certified building was poorly evaluated due to “bad view” but with no
high influence on the overall comfort of the building. Despite having the
complementary ECO certification, users’ comfort in this building was lower
than in a building with a basic Minergie certification, with a similar ceiling
radiant system. The difference between the two lies in the openable windows
and the automated shading system.

It was proved that despite the compliance of multiple factors with the
norms and the recommended values, the users’ comfort was not achieved or
guaranteed in any of the Minergie-certified buildings. None of the studied
buildings reached the 80% satisfaction threshold which confirms the
inadequacy of this certification in ensuring users’ comfort.
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3.2.3 Limits and opportunities of Minergie
certification

Minergie certification is solely focused on energy efficiency with
exact values and norms for energy consumption, production, and the use of
renewable energy sources with airtight buildings. Even though user comfort
is one of their declared objectives, there are no specific criteria in their
requirements so as to achieve that goal.

This certification has a positive influence on the environmental
aspect through the promotion of renewable energy use and the reduction of
the use of fossil and polluting sources of energy and materials. This attention
to renewable energy and reduction of pollution also benefits user comfort
even if indirectly, as the decrease of general pollution improves user general
health and well-being.

All types of Minergie certifications supposedly ensure user thermal
comfort & air quality through the HVAC system that is also energy efficient.
However, this high energy-efficiency and airtightness required in Minergie
certification occasionally negatively influence user satisfaction & comfort in
the indoor environment due to the lack of user control on their surroundings;
as well as the fact that other comfort dimensions such as visual and acoustic
comfort are not even addressed.

Even in the complimentary certification Minergie-ECO, that
supposedly focuses on user comfort, comfort dimensions are not well
addressed with only general requirements. For instance, for visual comfort,
only the amount of natural daylight is considered with no mention of the
quality of artificial lighting nor the importance of external view which are
major factors in guaranteeing user visual and general comfort. This also
applies to acoustic comfort as well as air quality, as this certification considers
only some of the factors affecting these comfort dimensions, which doesn’t
ensure user comfort.

In summary, this certification with a major focus on energy efficiency
doesn’t really contribute to user comfort even though it is normally one of
its main goals. This certification can even negatively affect user comfort with
its high energetic and airtightness standards. In spite of the existence of the
complementary certification Minergie-Eco focusing on user comfort, this
certification can’t guarantee nor achieve user comfort.
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3.3 LEED certified buildings effect on
user’s comfort

This certification is one of the oldest and most used green building
certification internationally. It was designed to assess the environmental and
social sustainability of a building through its life cycle, from its design to its
use and maintenance. Even though it puts minor focus on the health aspect,
it is so widely applied all around the world that it is necessary to study its
influence on the users and their experience in the built environment.

3.3.1 Concepts and principles of LEED certification

LEED provides a framework for healthy, energy-efficient, carbon and
cost-saving green buildings, it became a symbol of sustainability achievement.
This score-based certification has 4 levels depending on the number of
points earned by adhering to prerequisites and credits that address its main
principles. Their score system considers multiple factors from energy to water
resources. These factors are divided under 9 principles, yet the distribution
of the score depending on their relevance to general sustainability aspects
are represented in the figure below.

(Natural resources
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Fig 19: Distribution of LEED credits

To discover this certification and its criteria, its 9 principles will be
inspected and outlined.
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Location and Transportation

This principle is composed of 7 criteria. Half of the points are allocated
to the conservation of ecosystems and resilience of the community culturally
and economically through the site choice of the building. Whilst the other
half of the points cover access to transportation mediums with a positive
environmental footprint and the reduction of motor vehicle use.

Sustainable sites

This principle is composed of 1 pre-requirement and 6 criteria. This
principle promotes the reduction of all forms of pollution from construction
materials and operation to light pollution, as well as the protection of
surrounding ecosystems and their interaction with the users through building
design.

Water efficiency

This principle considers water consumption in order to reduce it as well as
optimize its use and management to conserve this vital natural resource.

Energy and Atmosphere

This principle is composed of 4 pre-requirements and 6 criteria.
This principle considers the energetic efficiency of the project all while
reducing all related pollution sources and guaranteeing the quality of indoor
environment. It also promotes the use of renewable energy and reducing
greenhouse gas emissions.

Materials and Resources

This principle is composed of 1 pre-requirement and 5 criteria. This
principle considers the project’s life cycle impact on the environment through
waste management as well as the use of more eco-friendly and less hazardous
materials.

Indoor environmental quality

This principle is composed of 2 pre-requirements and 9 criteria. This
principle mainly focuses on the indoor air quality and pollutants control and
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elimination, with a minor consideration for thermal and acoustic comfort, as
well as visual comfort through external view and the balance of natural and
artificial lighting.

Innovation

This principle is composed of 2 criteria that encourage innovative
solutions that benefit human and environmental health and equity.

Regional priority o

This principle is composed of 1 criterion that promotes addressing
any particular concern based on the regional or geographical location.

Integrative process

This principle is composed of 1 criterion that considers the high-
performance, cost-effective, and equitable aspects of the project.

Following this small summary of the LEED certification principles,
the diversity of their goals can be observed. This certification considers the
environmental impact of the building and its construction and operation. In
addition, it is also attentive to the user comfort in the indoor environment.

3.3.2 Case studies’ analysis of LEED certified
buildings

There are a lot of case studies done on LEED certified buildings due
to its international reach. However, most of them exhibit their flaws and
limitations.

In general, all LEED certified buildings had a better satisfaction rate
for the overall building, furnishings, maintenance and cleanliness in office
buildings (Altomonte and Schiavon 2013). However, for the physical comfort
dimension as visual and acoustic comfort, LEED certified buildings have
a lower satisfaction rate in offices or no significant differences with non-
certified buildings (Vosoughkhosravi, Dixon-Grasso, and Jafari 2022). As for air
quality and thermal comfort, there was a general higher satisfaction than
non-certified buildings though still an overall low satisfaction for thermal
comfort.
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Considering that LEED certification doesn’t necessarily focus on the
users’ comfort, Vosoughkhosravi et al. attempted to investigate the benefits
of being LEED certified by comparing the energetic performance and the
user comfort in LEED and non-LEED certified campus buildings. It revealed
that despite the higher energy consumption of the LEED certified building,
the indoor environment quality and the users’ comfort didn’t exceptionally
improve compared to its non-certified counterparts. In some cases, it even
had lower satisfaction rate like with water pressure and temperature.

In summary, despite its widespread and use around the world,
many studies demonstrated LEED’s many flaws and limitations not only in
achieving users’ comfort in the built environment, but also in having a better
environmental impact than non-certified buildings.

3.3.3 Limits and opportunities of LEED
certification

LEED certification addresses the sustainability of its projects through
multiple principles ranging from energy efficiency to user health and well-
being. Being LEED certified grants the project and its owners sustainability
credentials and increases its value and their public image while reducing
operating and maintenance costs.

It has a major focus on the environmental impact of materials,
construction and operation phases. Nonetheless, following the different LEED
criteria and principles doesn’t guarantee the sustainability of the project as
some projects could still get LEED-certified despite the unsustainability
of its surrounding area or by achieving criteria with minor impact on the
environment as they are easy to achieve.

Despite the multiplicity of its principles, this certification is not
comprehensive in its assessment of health and well-being, as it only has a
major focus on certain aspects of health, such as air quality while not properly
addressing other comfort dimensions like acoustic or thermal comfort.

Additionally, the energetic efficiency was proved to be problematic in
some projects where LEED certified buildings were consuming more energy
than their conventional non-certified counterparts without any improvement
in comfort dimensions or other environmental aspects.
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In conclusion, this section established a homogenous conclusion
between the different certification schemes through multiple case studies.
The different green-buildings’ certifications don’t necessarily achieve users’
comfort. Although there is a general unanimity that green-certified buildings
have a higher satisfaction rate than conventional buildings, this is probably
due to an improvement in “soft” non-environmental dimensions like
furnishings, colors, maintenance, and cleanliness.

Most of the environmental dimensions were slightly better or with no
significant difference between certified and non-certified buildings. Although
some dimensions like acoustic comfort are still problematic in most cases.
Certifications are therefore necessary for the overall comfort of users as
well as the environmental impact of the building, but there are still some
limitations and flaws that must be improved and strengthened (Potré Obrecht
etal. 2019).
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ARCHITECTURAL IMPACT
ON COMFORT




As we have seen, most certifications are focused on the measurable
physical dimensions of comfort like thermal comfort, visual comfort, acoustic
comfort & air quality. Some standards and certifications treat other non-
environmental dimensions like maintenance and furnishings which improve
user satisfaction with the overall building. However even by following the
criteria of these certifications, there are still some limitations and discomfort
in some physical dimensions like thermal and acoustic comfort in general.

Thus, green building certifications do have a positive impact on users’
comfort, but they are not sufficient. That’s where architects have more impact
since they ensure the functionality of the measurable physical dimensions
but also can use the non-environmental dimension to improve user comfort
through design.

4.1 The architect’s impact on comfort

When searching for synonyms of the noun architect, there are many
results ranging from designer, artist and creator to planner and engineer.
This diversity of synonyms stems from the numerous roles the architect
usually plays in a project.

They are usually the decision makers from the spatial setting and
relation of the object to its context, spatial functionality, structure and
aesthetic aspects, its environmental, social and cultural impact to its use,
maintenance and end of life (Majerska-Palubicka 2019).

Therefore, there is a role of architects that combines their knowledge
of technical systems as well as their social connection to users allowing
them to conceive and design spaces, directly affecting the users comfort;
particularly in renovation projects.
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4.1.1 Architects’ position on technical systems

Some of the dimensions as discussed above must be considered
while designing the building, from the HVAC system ensuring thermal
comfort, to the proportions of windows and transparent surfaces in the
facade influencing visual and thermal comfort. These elements are usually
restricted and regulated by the standards’ values and criteria from the indoor
air temperature to the intensity of light indoors. However, it was proved
that following norms and being in the recommended values for the physical
dimensions don’t necessarily ensure the users’ comfort.

The different technical systems, whether it be the HVAC and
ventilation system or the artificial lighting systems, must be integrated in
the built project. In the 20th century, when these technical systems became
more and more prominent and necessary in the built environment to ensure
a higher indoor comfort, architects began to invent new ways to integrate
them in their design. This integration was done by adapting these technical
systems to the architectural form like in the Guggenheim Museum building
in New York. In this building, Frank Lloyd Wright adapted the HVAC system
to follow the natural spiral form of the ramp while creating certain vertical
points for the connection between floors.

In other cases, these technical systems created the aesthetic
language of the building like in the Rinascente Department Store in Rome.
The architects Franco Albini and Franca Helg exploited the technical air
conditioning systems to create the building’s unique architecture. The air
supply and evacuation ducts in this dual duct system created the facade’s
rhythm (Marino and Graf 2016).

Nonetheless, in renovation projects, the different technical systems
can cause complications due to their inefficiency in ensuring user comfort or
due to not meeting the current requirements set by norms and certifications.
The level of difficulty in replacing these systems varies between projects.

There are projects where their replacement with a similar system or
its refurbishment is possible, thus preserving one of the building’s aspects
while guaranteeing user comfort in the indoor environment. However, in
some cases, due to the complexity of the original system or due to economic
or accessibility reasons, the original system becomes obsolete, and a new
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system is integrated in the building. This change of systems occurred in the
renovation of Rinascente Department Store, where the centralized dual-duct
air conditioning system has been replaced by several induction sub-systems
(Marino and Graf 2016). That system replacement might not have affected the
appearance of the building however it altered its essence and the reason for
its architectural unique character was replaced.

Fig 20: Diagram of the double distribution of the air
conditioning networks

The integration of these technical systems that partakes in the users’
comfort are one of the roles of an architect. Their adequate integration in the
design of the building, sometimes even to the point of them influencing and
improving its architectural character, exhibits the architects’ skill and talent.
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4.1.2 Architects’ social role

Architects have an immense influence on the “world and the people
in it” (Frausto et al. 2016) as they have multiple interventions from houses to
cities and infrastructure. That’s why the contact between architects and the
“people” and their needs is essential in every project. The user is and should
always be at the center of every project. Some certifications like WELL try to
put this concept forward by giving some criteria to achieve users’ comfort.

However, these general values and norms can’t achieve user comfort
since it is a sensation that varies between different users. Architects usually
are in contact with the client or owner which in most cases are not the users.
For example, in office or commercial buildings, architects are in contact with
the management. However, their preferences and goals don’t necessarily
benefit users’ comfort. There is usually an inconsistency between the view of
management and that of the employees on the benefits of green certification
(Armitage, Murugan, and Kato 2011). The architect doesn’t always have access
to the users’ opinions and preferences. Therefore, the importance of the
direct connection between the user and the architect should be encouraged
and fortified.

Putting the user in the center of building design as a part of the built
environment is essential considering that users are active components of
it (Vischer 2008). They don’t just experience the indoor environment; they
also interact with it and alter it. Therefore, while designing the indoor space,
architects must allow users to have personal control on their environment
whether it be by having control on measurable elements like temperature, air
renewal and the amount of daylight entry in the space, or by having a flexible
space that can change easily depending on the users and their activities.

Currently, with the high energetic performance standards and norms,
the aspect of user control is less and less adopted especially in Switzerland
(Pastore and Andersen 2019). In order to ensure an airtight building with no
energy loss, buildings are designed with central systems without the possibility
of individual control, from automated shading systems to inoperable
windows. This increase of user control should naturally be accompanied with
users’ education on the use of the building (Potré Obrecht et al. 2019).
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The users’ education on the use of the building should include an
understanding of the functioning of the building to better interact with it.
Depending on the building and its systems there are better moments for
natural ventilation to limit energy loss, for example night cooling should be
encouraged with high thermal mass buildings. This better understanding can
also help users to adapt their environment to ensure better comfort while
saving energy for example by shutting down artificial light when daylight is
sufficient...etc.

This is when the architects’ knowledge and connection to the
user is essential as they should be able to spread this knowledge to users.
This connection can sometimes be established when the owner and/or
management of the project are well informed of its importance. However,
to make it more prominent and effective, a more influential force is needed
which can be through certifications.

This social connection between the architect and the user doesn’t
only affect the technical decision in a project to ensure comfort, it also has a
great influence on the design process.

4.1.3 Architects as designers of space

Architecture surpasses the technical design of a building as it also
focuses on the space by creating its boundaries and how users interact
with this space (Frausto et al. 2016). They don’t just design the space and
how it’s used comfortably by its occupants, but they also ought to take into
consideration the possibility of change of use in this space and how it can be
adapted to the new functions.

That aspect of space design has different opinions and theories. The
Corbusier created the Modulor, which is a scale of harmonious proportions
based on the measurements of a human body, and used it to create functional,
well-proportioned, and comfortable spaces (Ostwald 2001). It was used in the
Unité d’habitation to create the perfect space for a defined number of people,
to set the adequate height for each floor and even in smaller details like paint
patterns or the shading system.
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Fig 21: Le Corbusier’s Modulor
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However, this rigorous system of design following specific
measurements is somewhat different to his earlier theories of the five points
of new Architecture that included the free plan (Oechslin and Wang 1987).
The free plan is the concept of a floor plan free of all load-bearing walls that
enables a more flexible interior space design. That concept was employed
by other notable architects like Ludwig Mies Van der Rohe in the Barcelona
Pavilion.
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Fig 22: Barcelona Pavilion plan by Mies Van der Rohe
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That free plan might even be the predecessor of the growing office
open plans of today. The flexibility and the possibility of modification in
an interior space is becoming more and more appreciated and required.
However, to ensure users comfort in such an open space, there are also other
non-technical aspects that must be considered by the architect during the
design of the space.
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4.2 Ergonomic dimension

Candidly, ensuring full users’ comfort might be unattainable due to the
variability of each person’s level of comfort. Nonetheless, there are multiple
decisions taken during design that can improve the users’ comfort. These
decisions go beyond choosing a building’s technical systems or designing the
facade. It is the design of space, from the general layout, materials and colors
to furnishings and decor. All these aspects can be grouped under what will be
addressed here as the Ergonomic dimension.

4.2.1 General definition

Ergonomics is usually considered as the study of the design of
furniture, equipment, or products and how they affect people’s ability to work
effectively through psychological and physiological principles. However,
Ergonomics will be redefined in this part to have a more global meaning as it
will not be specific to product design but to space design.

Ergonomics is the study of human behavior and interaction with
their surroundings in order to design spaces and products more adapted
to the user. This is in fact what an architect does unknowingly, or without
giving it a specific denomination, especially that this dimension can’t be
measured and can’t be represented in certifications (Potré Obrecht et al.
2019). This dimension can’t be measured because there isn’t a best solution
in the absolute. It is usually a different solution for each special case with
similarities and differences from one case to the other.
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4.2.2 Comfort through ergonomics

Since this dimension isn’t a physical and measurable one, there aren’t
specific factors that influence comfort in spaces. However, there are aspects
and domains that architects consider and examine during space design that
affect users’ comfort.

Layout

Spatial layout is usually described as the position of furnishings and
equipment in a space, with their exact shape and size, the spatial relation
between them and how people interact with them. However, in architecture
spatial layout embodies a wider significance including the partitions as space
dividers and limits and defining the functionality of the space and how it will
be used. It’s been revealed that building layout and design had a significant
impact on users’ comfort and satisfaction (Pastore and Andersen 2018).

For instance, in office buildings, depending on the type of work, an
open- space layout with few private offices enhances the work experience in
some cases or can be unfavorable in others (Altomonte and Schiavon 2013).
However, each plan choice has its own consequences on comfort due to
different complications that might be produced. For example, open-space
offices tend to have more acoustic problems and indoor noise due to the
bigger volume with few separations or partitions (Licina and Yildirim 2021),
while private offices require a more detailed ventilation system to ensure
ventilation in each cubicle or office.

Colors and materials

The highlight of colors and textures’ importance in architecture was
significant in the 20th century, during the Modern architecture era. Most of
the architects in this period studied the influence of color and textures on
human behavior and had a specific reason for every material and color used
in the designed space.

For example, le Corbusier, the French-Swiss architect, had a whole
color theory that he used in his works and projects. He created a color palette
that he upgraded and continually implemented new hues. In this palette he
relied on three principles: using natural colors to create certain atmospheres,
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using contrast and hues to enrich the space, and deploying transparent
pigments to alter surfaces and how the eye perceives space (Budds 2016). He
employed color theory as well as the finishings of concrete (smooth or rough
with the imprint of the formwork/casing)

Other modern architects used specific materials and colors
depending on the use of the space. Jean Tschumi, the Swiss architect, used
in the “Mutuelle Vaudoise Accidents” headquarters in Lausanne specific
colors in different levels to improve performance. He used green for its
calming effects in levels that were intended for heavy and noisy machinery,
while using brighter colors like yellow and red in the office intended levels
to boost alertness and thus improve work efficiency and concentration. He
also employed specific colors in art works accompanied with the material of
offices. Some levels had wooden desks that complemented the warm colors
of a painting while the other had metal desks and chairs to compliment the
colder colors of art works.

Fig 23: Paintings, colors and atmosphere intended for different office levels of the
Mutuelle Vaudoise building

There was a lot of thought and consideration for the influence of
colors and textures in the 20th century that is slowly diminishing in our
contemporary architecture. While some articles and research are interested
in polychromy and its effects on human behavior (Grzegorzewska and Kirschke
2021) this field is not well addressed and explored both by architects and
certifications in most cases.

Plants and natural materials

As mentioned above, materials and textures influence buildings’
users and their comfort and psyche. There are multiple articles and research

103



papers that prove the positive influence of natural material like the use of
wood in buildings’ interior on users (Khusaini, Pradana, and Kusmayandi
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This dimension of ergonomics is very vast and contains more aspects ' ,

and criteria that are unmeasurable and uncontrollable. The focus in this part
was on some of the aspects that can be managed by the architect in their
design and that can contribute to the improvement of users’ comfort. As these
aspects and factors can’t be regulated in certifications, it’s the architect’s role
to be aware of their influence on user satisfaction and to adopt them in favor
of improving the user experience in the indoor environment.
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Fig 25: Complex relationship between dimensions of comfort
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4.3 Impact on renovations

Buildings in Europe are major energy consumers, they account for
around 40% of total energy consumption, and they are also responsible for
36% of greenhouse gas emission (Jiménez-Pulido, Jiménez-Rivero, and Garcia-
Navarro 2022). To achieve the European Union’s goal of carbon neutrality by
2050, a major campaign of existing buildings’ renovation is essential. These
renovations target energy efficiency and carbon neutrality, without neglecting
user’s comfort. In this section, the influence of the architect and certifications
on user comfort in renovation projects will be discussed.

4.3.1 Architects’ role in renovations

The question of color and textures is more essential in heritage
renovation projects. Prior to any renovation project whether it concerns
heritage buildings or not, there is a study and examination of the actual status
of the building to detect shortcomings but also special characteristics to
maintain while renovating. Those special features include technical systems
and structure as well as colors and materials used for heritage buildings.

This global analysis is done by the architect with the help of other
specialists, from structural experts to technical engineers. The architect
examines the history of the building, its initial design, its translation to reality
after construction, the possible changes in the building.... etc. After this
thorough analysis, the architect, after deliberation with the different experts,
decides the components to maintain, those to be modified or repaired, and
components to change completely (Puteri and Puspitasari 2021).

After defining the level of intervention in the different components,
architects begin to design the new space according to its new function while
ensuring its occupant’s comfort. They need to consider the possibility of new
and varying functions that can survive in the future (Puteri and Puspitasari
2021). This can sometimes conflict with the preservation and conservation
aspects in heritage renovation projects.
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This conflict can be due to technical systems that are outdated
which have to be replaced to ensure users comfort today but can damage
the architectural integrity of the building like in the case of La Rinascente
Department Store in Rome (Marino and Graf2016). This is where the architect
as the decision maker has to decide and find balance between preservation
and the new function and design.

Fig 26: Constructive Fig 27: Model of the corner
axonometry of the envelopes  solution, exhibited at the XII
of La Rinascente Triennale in Milan in 1960

As the designer and the only expert who is present in all the
deliberations and analyses, the architect usually has the task of monitoring
and supervising the construction all while providing solutions to problems
arising on the construction site. The architect is usually the one with a clear
knowledge of the wider framework of the project. This general knowledge
allows them to make informed decisions by referring to experts if needed
without compromising another aspect of the project.
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4.3.2 Influence of certification on heritage
renovation

Although most of the certifications can be obtained for renovation
projects, with the difference of reducing some of the values recommended
and adapting them to renovation, they are most of the time not well designed
for heritage renovation. Some of the criteria for energy renovation and
performance occasionally conflict with the historical characteristics of some
buildings and the heritage preservation goal.

Some of these conflicts are related to energy performance, especially
with the thermal insulation of the facades. To have a tight-air building for
energy preservation, the facades must be thermally insulated from the outside
or the inside. However, adding this insulated layer changes the appearance
and essence of the building which makes it problematic in some heritage
renovation projects. There is also the thermal efficiency factor of windows
influencing the airtightness of the buildings. Changing window’s frames and
type to be more thermally efficient has an impact on both the character of the
building and the entering daylight’s perception.

Another type of conflict is related to the design of the interior
space, and how to offer a flexible space for the new users with the minimal
modification of the existing layout. This is more challenging in heritage
buildings as the limit of the buildings’ preservation is vague. Should the act of
preservation surpass the new function of the space in importance? Or should
its use and function regulate the extent of the preservation? Both aspects:
heritage preservation and the new function and use of the space should be
equally as important. For to preserve a heritage building or interior that can’t
be comfortably used is a misuse of space and materials.

There should be a new type of certifications that is most adapted to
heritage renovations that can combine these three goals: improvement of
the building’s energy performance, preservation of historical architecture
and the enhancement of indoor environmental quality for users. This
certification should adapt the energy and indoor quality targets to the
historical preservation goal and vice-versa.

By designing a certification that considers these three goals equally,

renovation of heritage buildings can be both successful in preserving the
architectural heritage while achieving the general aim of other certifications:
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creating a sustainable building that have a low impact on the environment
while providing a comfortable indoor environment for its users.

Actual building certifications have various flaws and limits that
can’t always be resolved. However, it is the architect’s role to understand
the qualities of these certifications, to use them while designing, and to
understand their flaws and compensate them with their own knowledge and
experience.
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CONCLUSION




During this theoretical thesis, the question was the effectiveness
of these certifications in ensuring users ‘comfort and satisfaction and how
architects can improve this comfort through design. However, the definition
of comfort as seen is a complex one as it doesn’t solely consist of the
measurable environmental dimensions usually evaluated in the different
studied certifications.

The environmental dimensions: Thermal, visual, acoustic and air
quality, rely on physical aspects such as air and material properties. Those
different physical aspects have specific measurements and values that
allegedly ensure users’ comfort in the built environment. They can be tuned
and controlled via different technical systems like ventilation and artificial
lighting as well as some passive solutions like facade and space design to
ensure daylight entry and operable windows for higher user control. However,
these different aspects tend to influence more than one dimension at a time
which creates a complex relationship between the different dimensions of
comfort.

The different values and standards of these physical aspects are
applied in green building certifications. However, in the different case studies
analyzed, the users’ comfort was not achieved. Some aspects were more
problematic like acoustic and thermal comfort in most cases. Nonetheless
the positive influence of these green certifications on users’ satisfaction
must be acknowledged. The higher user satisfaction in certified buildings, in
comparison to non-certified ones, was particularly due to non-environmental
aspects and dimensions like the cleanliness or maintenance of the building
that was improved in certified buildings. This discrepancy between the fact
that these certifications don’t ensure users’ full comfort, yet they improve
their general satisfaction with the building expresses their necessity but also
their deficiencies in some respects.

The architect is supposed to be aware of these limits and to be able
to, through his experience and knowledge, deal with these deficiencies in
ensuring users’ comfort. They can accomplish that comfort through their
complex and multiple roles and through different technical systems and how
they can integrate them in their design. Putting the user in the center of their
design is essential to ensure their comfort and can be done through their
connection to the users.

113



As a designer of the interior space, architects make decisions on non-
environmental aspects such as the interior layout, the materials, and colors COMFORT
of the space. These aspects can create a new dimension of comfort under
the name of the ergonomic dimension. This dimension has a considerable
influence on users’ comfort and satisfaction, however it can’t be controlled or

regulated through certifications. This dimension is solely controlled by the
architect through their design which reinforces their role in ensuring users’
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