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AS HOUSING IS AN ESSENTIAL NEED, A DWELLING SHOULD PROVIDE
AN ASSURED QUALITY OF LIFE AND SATISFY THE EXPECTATIONS OF ITS
USERS.

As a dwelling is a complex system, the construction of which
involves the contribution of various specialists, the evaluation
of its quality is a elaborated process.

In the sequence of previous research on quality dwellings
assessment methods, the objective of this paper is to present
the proposal of an assessment system for the most impor-
tant aspects of dwellings’ quality in Portugal which provides
stakeholders with a simple and objective form for assessing
the quality level of a dwelling to be designed, built, financed,
bought or rented.

After a thorough analysis of methods used to evaluate resi-
dential building quality in various countries, the most common
elements were identified. This list was submitted to critical
evaluation by Portuguese construction specialists, resulting
in a final selection of evaluation aspects such as: housing
operating costs, proximity to basic infrastructures, energy
classification and rainwater reuse systems.
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INTRODUCTION

Although construction is one of the
major economic sectors in Portugal, it
presents high levels of inefficiency and
does not provide enough information
for allits stakeholders, particularly with
regard to the quality of construction,
and especially for residential buildings.

Portugal has a low rate of per capita
income compared to other European
countries, although the percentage of
people living in their own homes is sur-
prisingly high (76% in 2001, approxi-
mately 20% above the European aver-
age) (CET-ISCTE/IRIC, 2008). In Por-
tugal, home ownership is considered
important as family property (Pereira,
2004), and its value is equivalent to
several years of household wages.
Nevertheless, the purchase of a pri-
mary dwelling is usually made with
less information than when purchas-
ing lower cost goods.

As housing is an essential human
need, it is expected to provide a qual-
ity of life which meets the expectations
of users and fits a family’s lifestyle.
Taking into account the objective and
subjective aspects of quality, stake-
holders in the construction process,
including developers, builders, design-
ers and financers, should enable each
owner to choose a home which meets
their specific needs.

For this reason, various countries
have developed and implemented
assessment systems that help measure
the quality of buildings, in particular the
quality of housing (Paiva and Pereira,
2001). This is no longer considered an
abstract concept and has become a tan-
gible measurement to provide users
with ways to quantify housing quality
as a whole and / or of each of the ele-
ments that composes it. These systems,
along with the rules and laws, allow for
more rational decision making when
purchasing a home.

Although some proposals have
been developed in Portugal, it is only
recently that a more focused assess-
ment of aspects of environmental qual-

ity began to be applied (LiderA). How-

ever, the need for the implementation

of amore comprehensive and inclusive
quality assessment system remains.

This article presents the results of an
investigation that aims to develop a pro-
posal of assessment criteria for evaluat-
ing the quality of housing in Portugal,
which integrates the most represen-
tative Portuguese housing needs. The
work to be presented follows previous
research on quality (Jalio, J. et al., 2010)
dwellings assessment methods, enlarg-
ing the scope of the literature reviewed
and consolidating the list of aspects
to be evaluated. This proposal can be
used as a tool to assist stakeholders
in the design of residential buildings
- which is considered one of the most
important phases to improve the build-
ing performance (Othman, 2011) -, and
to provide a simple and objective form
for assessing the quality level of hous-
ing to be designed, built, sold, financed,
bought or rented.

The research for this work is based
on conditions that should be applicable
to residential buildings in Portugal,
and the need for methods that should
be easy to use without becoming overly
detailed and complex (Leaman et al.,
2010). All aspects should be consid-
ered as feasible for objective assess-
ment, avoiding those where evaluation
is too subjective.

The methodology was divided into
six main phases, already referred by
Jalio, J. et al. (2010):

» Analysis of methods and proposals
for evaluating the quality of residen-
tial buildings, in foreign countries
and in Portugal.

P Preparation of a table with all the
aspects evaluated by the set of meth-
ods analyzed.

P Definition of a rule for the selection
of aspects to be assessed, leading to
the following:

e The aspects must be presentin at
least four methods or proposed meth-
ods, one of which is from Portuguese
studies.

e Aspects were selected that,
although not previously respected in
the first version, are considered key
to the situation in Portugal, including
structuraland environmental aspects.
P Preparation of an organized list with

the selected aspects from the above

process.

» Testing the proposed check list
together with a team of experts. The
discussion of the issues took place
through three joint meetings with
three experts in the Portuguese con-
struction industry.

P Preparation of the final check list
where the suggestions of experts
were integrated, after several adjust-
ments in order to be more focused on
the problems of construction in Por-
tugalandto avoid being overly long.

Analysis of residential
buildings quality assessment
methods

In this section work which has been
done in several countries for use in
quality assessment methods for build-
ings along with Portuguese propos-
als to increase housing quality will be
reviewed in order to identify the fac-
tors that differentiate and unite them. A
summary table of analysis using points
of comparison such as the country of
origin, voluntary or mandatory use,
creation date and evaluation forms is
presented.

TheJapanese CASBEE-NC “Compre-
hensive Assessment System for Build-
ing Environmental Efficiency” (Institute
for Building Environment and Energy
Conservation, 2008) has been used
since 2001 to evaluate the design of
buildings. The aspects range from the
interior of a building to its immedi-
ate surroundings. Primarily targeting
the environmental performance of the
building, rewards are given for reduc-
ing the environmental impact of con-
struction and intended use. The results
are presented through an overall score
(CASBEE assessment levels) and it also
allows scrutiny of individual marks in
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each major category. It does not con-
sider the financial aspects, and the
structural aspects are limited to con-
sidering earthquake resistance.

The Singapore CONQUAS “Construc-
tion Quality Assessment System” has
been used since 1989 (Building and
Construction Authority, 2008) and,
unlike other methods, is used to assess
the quality of workmanship during and
after construction of a building. The
assessment is based on three main
components: structural work, architec-
turalwork and mechanical and electri-
calwork. It was created both for devel-
opers to set goals for their builders
and to evaluate a building after com-
pletion. This method is mandatory for
all public buildings in Singapore (the
only method analyzed where this hap-
pens) however, it is optional for private
buildings. Results are presented by the
percentage of items metin the assess-
ment of a building, and it allows view-
ing the percentages obtained by major
categories.

The LEED-NC “Leadership in Energy
and Environmental Design” system was
developed in the United States, in 1998
(US Green Building Council, 2005), to
assessthe environmental performance
of buildings as awhole, taking the life
cycleinto account. Itis aninternation-
ally recognized green building certifi-
cation system, which includes a vast
inventory of evaluated built-up areas,
yet it remains a voluntary system. The
final result is presented as an overall
assessment level, but unlike CASBEE
itdoes notallow checking the levels of
the main categories individually. Just
as with CASBEE and CONQUAS, this
method is not overly concerned with
economic aspects, and also does not
address structural aspects.

Like LEED and CASBEE, the Hong
Kong BEAM “Building Environmental
Assessment Method” created in 2002
(Hong Kong Building Environment
Assessment Method Society, 2004),
is used to quantify the environmen-
tal performance of buildings. It covers
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all types of buildings; new and exist-
ing, residential, commercial, public
and industrial. It covers all stages of
building construction, emphasizing the
importance of air quality and focuses
attention on aspects of interior ven-
tilation, cooling systems and natural
light. Unlike the others, itincludes eco-
nomic and social concerns. It is a vol-
untary, private sector initiative. Evalu-
ationis done through credits which are
awarded when individual aspects of
the evaluation are satisfied. The results
are presented in a similar way to LEED,
in the form of an overall assessment,
not allowing reference to intermedi-
ate results.

The Portuguese proposal of a
method, Methods of Quality Assess-
ment of Housing Projects and Build-
ings (Costa, 1995), is based on prelimi-
nary work conducted in 1988 by FEUP
(Faculty of Engineering, University
of Porto) and IST (Technical Superior
Institute), which consisted of defining
a set of evaluation criteria. This pro-
posal is extensive, and evaluates 112
items divided into two groups of objec-
tives, one related to the efficiency of
the construction aspects and the other
tothe efficient use of space. The result
is presented using a global score, and
the marks of individual items may be
considered. Unlike CASBEE and LEED,
it does not evaluate environmental
aspects related to the construction
site but evaluates the structural qual-
ity. This proposal has not been tested.

The proposal of a method entitled
Definition and Assessment of Archi-
tectural and Housing Quality (Pedro,
2000) is even more extensive than
the previous one because it has 375
aspects to evaluate, making its use
very cumbersome. It is a multi-crite-
riaassessment method, directed both
to Low Cost Housing projects funded
by the Office of Housing and Urban
Renewal (IHRU), as well as homes not
promoted by the government. The pre-
sentation of the results obtained after
applying this method can be done in

three ways: through the value of overall
performance in which a result is given
by a numerical value that represents
the level of overall quality on a scale
of oto 3, through an evaluation report,
or through a quality profile where the
quality levels of allaspects can be veri-
fied. This proposal has been tested but
not applied.

The LiderA system is a Portuguese
method established in 2005 to assess
levels of environmental performance
of buildings from the perspective of
sustainability (LiderA, 2005). It’s from
the same international family as LEED
and CASBEE, with assessment similar
to LEED. Itis a voluntary rating system
that distinguishes projects that build
sustainable value. The first five certifi-
cations were made in 2007. The LiderA
system is divided into six categories
of evaluation and their level of perfor-
mance is presented in the form of per-
centages. According to the percentage
received the project can fitin one of the
eight existing classes, fromEto A+ + +.
It does not address structural aspects
nor the cost / quality relationship.

The HQI system “Housing Quality
Indicator System” in the United King-
dom was created in February 1999
(Housing Corporation, 2007) and aims
toassess allhomes. It considers three
main categories: location, design and
environment. These three categories
are subdivided into ten quality indica-
tors which are evaluated and classi-
fied through a series of questions. The
classification identifies the strengths
and weaknesses of the assessed hous-
ing. Thus, the HQI not only presentsiits
results through an overall score, but
also by the level of performance for
each indicator.

The BREEAM “Building Research
Establishment Environmental Assess-
ment Method” is a method for evalu-
ating environmental performance of
buildings, the first to be developed
in the UK in the early 1990's (British
Research Establishment, 2006, 2008).
It allows evaluation of houses, office
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CASBEE - NC

CONQUAS

LEED - NC

HK-BEAM

AMQD

DEAQH

Lider A

Qualitel

HQl

BREEAM

SEL

Japan

Singapore

USA

Hong
Kong

Portugal

Portugal

Portugal

France

UK

UK

Switzer-
land

Date of

Creation

2002

1989

1998

1996

1995

2000

2005

1974

1996

1990
decade

1975

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Quality
Profile

Yes

No

No

No

Yes

Yes

No

Yes

Yes

Yes

Yes

Table 1 Summary of assessment methods

Assessment
of the

Rating | Versatility

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

of Spaces

Yes

No

Yes

No

No

Yes

No

No

Yes

No

Yes

Assess-
ment of
Site
Location

Yes

No

Yes

Yes

No

Yes

Yes

No

Yes

Yes

Yes

Assess-
ment of
Construc-
tion

No

Yes

Yes

Yes

No

No

Yes

By
sampling

No

No

No

Assess-
ment of
Design

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Method
Utilization

More than 1000
registrations
/ more than
20 certified

buildings

More than 2200
developments
evaluated

More than
900,000 million
square meters of

area certified

70% of private

buildings and

30% of public
buildings
assessed

Needs to be
tested

Has already been
tested,
but was not
implemented

More than
330,000
m2 of gross
construction
area assessed

More than
1.5 million of
dwellings

Without
information

700,000
registered
projects

About 20,000
dwellings until
2001
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buildings, industrial plants, commer-
cial buildings and other types of build-
ings. It promotes buildings with less
environmentalimpact, both in terms of
resource consumption and emissions.
The BREEAM method is divided into
eight categories of evaluation: Energy,
Health and wellness, Land use and ecol-
ogy, Materials, Pollution, Water, Trans-
portand maintenance. Each category is
divided into subcategories, assessed by
the awarding of credits, which are vari-
able according to their relative impor-
tance. Assessment is quite similar to
other methods studied, based on the
allocation of credits. The set of cred-
its achieved allows the environmental
performance index of the building to
be obtained.

Created in 1974 in France, the Quali-
tel method aims to improve the qual-
ity of designs and enhance the per-
formance of technicians (Association
Qualitel, 2008). To be awarded a Quali-
tel certification it is necessary to sub-
ject the housing to evaluation under
seven mandatory headings (exterior
acoustic, interior acoustics, thermal
behavior in the summer and in winter,
sanitary facilities, design and dura-
bility involving economic issues) by
Qualitel Association examiners. There
is an optional item, Accessibility and
Habitability (AH). Each item of assess-
mentis divided into several sub-head-
ings, each of these being assessed on
a scale of 1 to 5. It takes a minimum
grade of 3in all categories to obtain a
Qualitel housing certification. When-
ever a sub-heading has a low score,
the top item in the evaluation tree is
strongly penalized. Thisis applied with
the intention of favoring the homoge-
neity of designs.

The SEL “Systeme d’Evaluation de
Logements” method is a result of work
done in the 60’s by the Office Fédéral
du Logement in Switzerland (Office
Fédéral du Logement, 2000). It was
first applied in 1975 with the aim of
supporting a federal law that encour-
aged the purchase of private housing at
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moderate cost with higher quality. Its
main objective is to establish therela-
tionship between the cost and qual-
ity of housing, so that federal funds
used to purchase housing at mod-
erate cost would be well spent. It is
aimed at designers, master-builders,
real estate specialists and economic
experts. The current version of the
SEL evaluates 39 criteria divided into
three groups: Housing (W1), Outdoor
Surroundings (W2) and Local Imple-
mentation (W3). The end result of this
method is presented in the form of a
quality profile with an overall score.
Through the analysis of Table
1 which presents a summary of the
studied methods, it can be concluded
that most methods are local except
forthe LEED application. Seven of the
11 methods provide the quality pro-
file of a building as well as an over-
all score. Only one does not have
an overall score. The evaluation of a
design is the main form of analysis
of these methods with the exception
of the CONQUAS, which only evalu-
ates the construction phase. They
are all on a voluntary basis except in
CONQUAS, where the assessment of
public buildings is mandatory. The
Portuguese methods and proposals
of methods are the least used, one
has never been tested. Almost all of
the methods discussed are national
in scope with the exception of LEED
which is spread worldwide; however,
this does not detract from the merit of
their function as regulators of quality.

Proposal of assessment
aspects for Portuguese
residential buildings

After a review of the methods and
according to the methodology, a
table that brings together the different
aspects in areas of assessment used
has been created (Table 2). None of the
methods, presented in Table 2, covers
allaspects. Thisis due to the fact that
they have been developed within the
conditions of their respective country

of origin and also in accordance with
specific goals. The international family
of the same methods (LEED, CASBEE,
BEAM, and LiderA) covers much the
same areas of evaluation, giving a lot
of emphasis to environmental aspects.
SEL and CONQUAS are devoted to dif-
ferent evaluation areas than the other
methods, and are seen to have very
few areas in common with the array of
methods analyzed.

Subsequent to the construction and
analysis of Table 2, and following the
methodology specified in the Introduc-
tion, aspects were grouped and com-
pared in order to choose those which
were present in at least four of the
methods, one of which Portuguese. The
issues arising from the selection were
arranged in an assessment list which
was discussed with experts in this
field over several joint meetings. The
experts suggested integrating some
assessment areas which had not been
included in the previous selection. This
addition aimed to introduce aspects
more specific to the Portuguese con-
ditions, including construction char-
acteristics and construction materi-
als. The importance of this last cate-
goryis largely discussed by Porhincak
and Estokova (2011). The final result is
shown in Figure 1.

These aspects are organized into
seven categories (aspects of the loca-
tion, indoor environment, materials,
energy use, water use, construction
and economic aspects), each subdi-
vided into several areas of evaluation
foratotal of 18. These in turn were sub-
divided into a total of 40 evaluation
aspects.

For a better understanding of this
proposal and its possible future practi-
calapplication, itis essential to define
each of the aspects to be evaluated.
The definitions presented here result
from a combination of different meth-
ods and expert opinions.

Proximity to basic infrastructure:
Choice of Building / Housing con-
struction site in relation to proximity
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Table 2 Categories and areas of assessment in the different studied methods
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Areas of Evaluation Aspects of Evaluation

Aspects of Location

Location

Proximity to basic infrastructures

Local Environment

Landscape Integration
Land Contamination
”Heat Island” effect
Noise, Vibration and Odor
Air Pollution

Interior Environment

Interior Air Quality

Source Control
Ventilation

Thermal Comfort

N, /N, Ratio
N, /N, Ratio
Energy Classification

Illumination Quality

Natural Lighting
Artificial Lighting

Acoustic Comfort

Exterior Noise
Interior Noise

Active Systems

Domotics

Materials

Living Space Materials

Private Area coverings
Common Area coverings
Wet Area coverings

Building Materials

Roof coverings
Exterior cladding
Common Area coverings

Environmental Aspects

Use of Environmentally Friendly Materials
Recycled Materials
Recyclable Materials

Energy

Use of Energy

Use of Renewable Energy

Energy use Management

Housing systems efficiency
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Water Use

Construction Aspects

Water Saving

Water re-use

Building systems efficiency

Water saving systems

Economic Aspects

Structural Aspects

Rain Water

Grey Water

Design Aspects

Foundations

Superstructure

Costs of Initial Investment

Design Details

Division of Spaces

Building Life-cycle costs

Land Cost

Design Cost

Construction Cost

Infra-structures Cost

Figure 1 Proposed final assessment aspects of Portuguese housing

to infrastructures such as schools,
public transport, public parks, major
access routes, services and centers of
culture. There should also be parking
spaces nearby.

Landscape integration: The building
should be integrated as an asset to the
neighborhood. The visualimpact of the
implementation of a structure on a site
should be mitigated to harmonize with
the Building / Housing in the locale.

Land Contamination: Ensures an
appropriate investigation and reso-
lution of potential pollution from the
construction site during construction,
or provide for adoption of preventive
measures affecting locales adjacent to
the construction site.

“Heat island” Effect: A “heatisland”
effect is caused by a set of physical
reactions, which include urban sur-
faces (roads, building, etc.) that absorb
the heat of solar radiation, thereby
warming and increasing the local tem-
perature. These effects may be miti-

J. P.

gated through the use of appropriate
materials, including light colors, green
roofs or other solutions.

Noise, Vibration and Odor: Noise,
vibration and odors from the building /
housing that could harm the neighbor-
hood should be avoided or mitigated
in the project.

Air Pollution: The statutory require-
ments for reducing emissions of poten-
tially acidifying substances (emission
of SO2 - sulfur oxides, and NO - nitro-
gen oxides) must be observed. It is
essential to ensure the reduction of
CO2 emissions (associated with burn-
ing and other activities), as well as the
elimination of emissions of CFCs.

Source Control: Preventing pollu-
tion at the source is the most effec-
tive way to maintain a healthy indoor
environment. Thus, it is important to
control the quality of the air entering
the building/housing.

Ventilation: Ensure that the ventila-
tion system works properly, taking into

Operating Costs

Maintenance Costs
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account the energy class of devices to
ensure well-being and comfort in nor-
mally occupied spaces.

NIC/NI Ratio: The regulatory rela-
tionship Nic < Ni must be complied.
Through this relationship the quality
of the elements of the building enve-
lope under winter conditions can be
verified.

NVC/NV Ratio: The regulatory rela-
tionship Nvc < Nv must be complied.
Through this relationship the quality of
the elements of the building envelope
underwinter conditions can be verified.

Energy Class: The energy class of
housing should be within the range
applicable to new buildings. The better
the class of housing the greater the
energy efficiency, therefore it gets a
higher ranking.

Natural Lighting: The introduction
of natural light should be considered
in the design to promote its use and
to benefit the users of the building /
housing.
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Artificial Lighting: The lighting
levels of the building must take into
account the activities in each area and
the occupants characteristics.

Exterior Noise: Noise from outside
of the building / housing should be
avoided or mitigated in the project.

Interior Noise: Noise coming
from inside the building (common
areas, equipment, etc.) or transmit-
ted between living areas should be
avoided or mitigated in the project.
Domotics: The use of active systems (in
the areas of automation, lighting, air
conditioning, security and communica-
tion) should be encouraged in order to
provide a better quality of life for users.

Private Area Coverings: The cover-
ings of walls, floors and ceilings must
be made of certified materials and of
ensured suitability for use, without
limiting aesthetic design solutions.
Common Area Coatings: The coatings
of walls, floors and ceilings must be
made of certified materials and of
ensured suitability for use, without
limiting aesthetic design solutions.

Wet Area Coatings: The materials
used in wet areas, walls, floors and
ceilings must be made of material certi-
fied suitable for humid environments.

Roof Coverings: The roof covering
materials used in building / housing
should ensure durability and main-
tenance of their original appear-
ance without the need for frequent
intervention.

Exterior Cladding: The materials
usedinthe cladding of facades should
ensure durability and maintenance of
their original appearance without the
need for frequent intervention.

Common Area Coverings: The cover-
ing of walls, floors and ceilings must
be made of certified materials and of
ensured suitability for use, without lim-
iting aesthetic design solutions.

Use of Materials without Hazardous
Substances: Analyzes the reduced use
of chemicals that can not only affect
indoor air quality but are potentially
harmful to the general environment.
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Recycled Materials: Promotes the
use of recycled materials to reduce the
consumption of limited resources.

Recycling: Promotes the use of recy-
clable materials, so they can be reused
after the demolition of the building.

Use of Renewable Energy: Photo-
voltaic panels, solar collectors and
other methods for converting natural
energy into electricity or heat should
be assessed as renewable energy use.

Housing Systems Efficiency: Ensures
efficient lighting and where possible con-
trolthe energy saving in order to ensure
the welfare and safety of the housing
users.

Building Systems Efficiency: Ensures
efficient lighting and where possible
control the energy saving control to
ensure the welfare and safety of users
of common areas of the building.

Water Rationalization Systems: Evalu-
ates water saving methods and equip-
mentinstalled in the water supply of the
building / housing.

Rainwater: Evaluates the measures
undertaken to promote reuse of rainwa-
ter in the building / housing.

Gray Water: Evaluates the measures
taken to promote the reuse of gray water
in the building / housing.

Foundations: Evaluates the geotechni-
calinformation, the design and detailing.

Super-structure: Evaluates the struc-
tural design, the actions, its design and
detailing.

Design details: The design must be
drafted with the necessary details so
that no doubts arise, both in the build-
ingworkand in subsequent revisions of
adopted solutions.

Division of Space: The division of
space in the project should include
an organization of space so that the
arrangement of rooms is as practical as
possible.

Land Cost: The cost of the land should
be defined so that it can be related to the
average price in an area.

Infrastructures Cost: The cost of the
building infrastructures should be fore-
seen in the original design.

Design Cost: The design costs
should be listed so that they can be
compared with the fees normally paid
for the same type of construction.

Construction Cost: Construction cost
should be defined in the design and
differentiated in such away as to avoid
possible increases in the cost initially
predicted.

Operating Costs: Operating costs
of the building / housing should be
taken into accountin the design phase
and should be available to users as a
deciding factor in the acquisition of
the property.

Maintenance costs: Maintenance
costs of the building / housing should
be taken into account in the design
phase and should be available to users
as a deciding factor in the acquisition
of the property.

In order to complete and implement
the assessment method it is necessary
to develop evaluation forms for each
aspect.

DISCUSSION AND
CONCLUSIONS

After a review and comparison of differ-
ent quality and sustainability assess-
ment methods worldwide, this paper
presents a proposal for Portugal of a
tool to assist stakeholders in the design
of residential buildings and to provide
a simple and objective form for assess-
ing the quality level of housing to be
designed, built, sold, financed, bought
or rented.

The proposed list of aspects for resi-
dential buildings in Portugal consists of
forty evaluation aspects covering the
following categories: location, indoor
environment, materials, energy, water
use, construction aspects and econom-
ics. This can constantly evolve according
to the innovations of the industry, and
by updating the issues.

The proposed aspects may be
improved through more extensive tests
with specialists in this sector.

In future work it is necessary to com-
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plete this proposal through the devel-
opment of evaluation forms for all
the aspects mentioned, defining spe-
cific evaluation processes and their
weighing.
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