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a b s t r a c t

In healthcare building projects, it is necessary to consider a larger number of different aspects than in
other building types, as patients' emotions, comfort needs and the integration of latest technologies. To
design these buildings, considering a sustainable approach, the sustainable practices for healthcare
building should be considered properly in design and use phases.

Therefore, there is a lack of common understanding on the field of various relations between built,
natural and social systems. To tackle this, the goal of this article is to contribute to the better under-
standing in this context by exposing a proposal for the structure and system of weights of the sus-
tainability criteria of a healthcare building sustainability assessment method, the HBSAtool-PT. The
methodological approach adopted is innovative since in the development of the list of sustainability
criteria it considers the opinion of main healthcare buildings’ stakeholders, the existing healthcare
assessment methods and the ISO and CEN standardisation works in the field of the methods to assess the
sustainability of construction works. Additionally, a methodology to develop the weighting system to be
used in the aggregation of the different indicators is proposed and applied to the Portuguese context. As
a result, the proposed sustainability assessment system for healthcare buildings (HBSAtool-PT) embraces
fifty-two sustainability indicators that cover the different dimensions of the sustainability concept to
support decision making during the design of a new or retrofitted healthcare building in urban areas. The
proposed structure for the HBSAtool-PT presents a more balanced structure between the dimensions of
the sustainable development, and compared with other existing approaches, it integrates more
comprehensive social and economic concerns.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The following question was verbalised by Michael Lerner, in
2000: “The question is whether healthcare professionals can begin to
recognise the environmental consequences of our operations and put
our own house in order.” (Brody, 2001) This question is not trivial,
but the basis for all other concerns around the same issue (Roberts
and Guenther, 2006). Regarding this principle, the connection be-
tween medical treatment, human health, and environmental
pollution that affect the healthcare industry mission is known as
the triple bottom line approach (Roberts and Guenther, 2006). It
astro), ricardomateus@civil.
Bragança).
expresses the industry attitude to sustainable buildings and oper-
ations. So, healthcare organisations have been developing guidance
documents and methodologies. For market success, the triple
bottom line concept needs to consider: Environmental, Economic,
and Social/Ethical performances.

At this level, it is important to demystify the common misun-
derstanding that the sustainable buildings cost is always greater
than the costs of the other types of building. In this context, Cassidy
(2003) concluded that many sustainable buildings cost no more
than their brown (conventional) equivalents. Kats (2003)
concluded with her study: great variation exists in buildings
costs, even within the same building program type; and there are
high-cost and low-cost sustainable and brown buildings.

At the same time that the strategist deals with the financial
implications, the building occupants review the social impacts of
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sustainable building practices (Tsalis et al., 2015). Building occu-
pants prioritise the relationship between buildings and health
(Shaw et al., 2010). The current challenge in the healthcare sector is
to assess the organisational and community benefits that result
from sustainable building principles. These advantages must be
quantified, defined and communicated to different stakeholders of
the industry, and all the construction professionals have important
roles in the construction process (Yadollahi et al., 2014). The seeker
perspective is based on environmental leadership. Healthcare or-
ganisations strive to be leaders in sustainable building practices to
(Roberts and Guenther, 2006): enhance their community and
medical reputations; improve high standard staff recruitment and
retention; and increase market share, philanthropy, and research
grants.

In this context, regarding the massive consumption of energy
and natural resources, healthcare buildings should be one of the
most important studies in the life cycle assessment of the built
environment (Guenther and Vittori, 2008). For instance, the activ-
ities developed inside the healthcare buildings consume a large
amount of energy for cooling, heating and healthcare equipment
operation. Additionally, the use of non-renewable and renewable
resources, emissions of toxic substances, production of disposable
products and the massive production of waste are important as-
pects to consider (Short and Al-Maiyah, 2009).

The healthcare sector that integrates a large and varied group of
buildings, where the indoor environment quality is an aspect of
major importance, and has a huge influence on the economy and
policies of nations. Because these buildings are directly connected
to human health, their impacts on Humans are very important
(Guenther and Vittori, 2008).

Regarding the question “What makes a healthcare building
sustainable?” there is no simple answer (Castro et al., 2014). That is
because the concept of sustainability is not simply measurable.

To introduce sustainable practices in the healthcare buildings
design, numerous countries, research centres and sustainability
certification bodies have been publishing recommendations,
guidelines and building sustainability assessment methods to
promote improved design attitudes. At this level, it is significant to
underline the recommendations, released by the Green Building
Committee of the American Society for Healthcare Engineering
(ASHE, 2002).

In the market, there are tools, such as the International Sus-
tainable Building Tool (SBTool) (iiSBE, 2016), developed by the In-
ternational Initiative for a Sustainable Built Environment (iiSBE)
that were developed to be used in different countries and to assess
different building types. This kind of “global” tool needs a prior
adaptation of the sustainability benchmarks and priorities to the
particular context of the country where the assessment is made,
which is a very time-consuming process (Mateus and Bragança,
2011). It is also a process that hinders the practical application of
this type of tool. On the other hand, there are tools developed for a
specific country that are now being applied abroad without any
prior adaptation. This aspect is causing distortions in the results of
the sustainability assessment process and is producing wrong in-
dications about the sustainable development of the construction
industry, which in the end brings the concept of sustainable con-
struction into disrepute (Mateus and Bragança, 2012).

The universe of tools for assessing the sustainability of the
construction is already pretty numerous, each of which owes its
character to different purposes and various institutes. In the
healthcare buildings context, there are different building sustain-
ability assessment methods, each one developed with a different
structure and comprising different sustainability priorities, which
entails the need to study and compare them.

The comparative analysis and categorising of tools is already
published in some research papers such as Castro et al. (2015b), and
Haapio and Viitaniemi (2008).

There are also different publications focusing on the need for
developing sustainable buildings andwhich discuss the importance
of using Building Sustainability Assessment (BSA) methods from
the early design stage, such as Cole (1998), and Bragança et al.
(2010). Other studies are oriented towards the development of
building sustainability assessment schemes for specific regional
contexts, such as Ali and Nsairat Al (2009). where the issue of
building sustainability assessment in the context of developing
countries, namely Jordan was discussed. There are also studies that
were focused on the development of methods for a specific type of
building, such as Mateus and Bragança (2011). They developed a
BSA method, based on the international SBTool method, to be used
in the assessment of residential buildings in the Portuguese context
(SBToolPT-H).

Others, such as the work of Berardi (2012), compared different
building sustainability assessment methods to identify aspects of
primary importance in the design of sustainable buildings and
identified building energy performance as the most important
criterion in sustainability rating systems. At a broader scale, there
are other studies like for instance the one developed by Pires and
Fid�elis (2015) that discussed the implementation of sustainability
indicators at the Portuguese local governance (municipalities) and
concluded that it is still in early stages of development.

Regarding healthcare buildings, it is possible to enumerate some
recognised methods in the market: BREEAM UK New Construction;
LEED BDþC (Building Design and Construction); Green Star e

Design & As Built; and CASBEE eNC (New Construction). Their
characterization, analysis and comparison with the current stan-
dards in the field of sustainable construction (e.g. standards from
the Technical Committee 350 of the European Committee for
Standardisation), which has already been investigated by the au-
thors (Castro et al., 2015b). Together these tools have drivenmarket
transformations around the world and from the analysis of results
from their application to real cases, the following conclusions can
be drawn (Castro et al., 2015b) (Guenther and Vittori, 2013): i)
During the design phase, it is important to consider carefully every
design decision, from the macro issues (e.g. selection of site and
construction systems) to the micro issues (e.g. lighting and venti-
lation control); ii) Suitable decisions from the very beginning of the
design stage produce better outcomes; iii) Good management
during the construction phase is mandatory; iv) Continuous
monitoring during the commissioning and operation phases, and
covering all seasons, is fundamental; v) A sustainable building
designwill only result in a sustainable building if the operators and
occupants are informed and educated about the sustainability as-
pects of the building; vi) Not every innovative system performs as
anticipated and it is not the unique solution.

Therefore, this paper is aimed to present: i) a methodology to
define the list of sustainability indicators and related system of
weights to be used in an HBSA method; and ii) based on the
developed method, a comprehensive framework for an HBSA
method to be used in the Portuguese context.

Thus, this article is aimed at filling the gap identified in the
state-of-art analysis by presenting:

� A methodology to develop a more objective list of sustainability
indicators to be used in HBSA method, considering the work
developed so far in the standardisation bodies (CEN and ISO)
and the most relevant building sustainability assessment tools;

� A methodology to be used in the definition of the weighting
system of an HBSA method, based on the perspective of the
main sector's stakeholders;
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� A proposal for a comprehensive HBSA method adapted to the
Portuguese environmental, sociocultural and economic
contexts;

� An HBSA method that can be used in new, existing and reno-
vated healthcare buildings.

The name of the method under development is Healthcare
Building Sustainability Assessment Tool for Portugal (HBSAtool-PT).
It is intended that this method should be practical, easily under-
standable and flexible enough to be simply adapted to diverse kinds
of healthcare buildings and technologies. These are important
features to promote sustainable design, construction, operation and
maintenance of healthcare buildings.

2. Portuguese context in the field of sustainability of
healthcare buildings

Since 2008, the Portuguese Ministry of Health has been pub-
lished some important documents that should be considered in this
kind of studies.

In 2008, it was released a document that sets the list of technical
specifications and recommendations for national healthcare
buildings. In 2012, it was re-published (ACSS, 2012) and contains
several concerns about: architecture; outdoor spaces; electrical and
mechanical systems; equipment and facilities for drainage and
water supply; centralised technical management; management
concepts for solid waste; and maintenance. In complement, there
are also other regulations, which specify functional requirements of
each healthcare space at different levels, such as: quality of indoor
air; lighting; ventilation and temperature. Nonetheless, there is no
law document or any recommendation in respect of the sustainable
management of healthcare buildings.

The Guide “Guia de boas pr�aticas para o setor da saúde” (in En-
glish: Guide to good practices in the healthcare sector) was pub-
lished in 2013 by the Portuguese Ministry of Health (ACSS, 2013).
This guide encourages: reduce water and energy consumptions and
related costs; minimise the waste production; and new behaviours
that support low carbon economies. It can be an instrument for
diffusion of best sustainable practices to healthcare building users.
The aim of this publication is to establish measures that require low
investment and to promote the introduction of such measures in
Portuguese hospital buildings (ACSS, 2013). Nowadays, in Portugal,
on an annual basis, every hospital's administration must deliver the
data to the Ministry of Health. Based on this data a set of “best” and
“conventional” practices benchmarks for the Portuguese healthcare
buildings was published (Castro et al., 2015a).

3. Research stages

3.1. Definition

The strategy adopted by this research is multi-dimensional that
includes a diversity of qualitative and quantitative approaches and
comprises mainly three consequential and cyclic steps: defining
indicators; categorising indicators; and evaluating indicators. This
steps, also defended by Ali and Nsairat Al (2009), are presented in
Fig. 1.

Sustainability assessments are usually based on indicators, and
an indicator is a signal or a sign that relays a multifaceted message,
from hypothetically numerous sources, in an unassuming and
useful manner (Kurtz et al., 2001). Therefore, the three most
important objectives of the indicators are: simplification, quanti-
fication and communication (Geissler and Macoun, 2001). The
definition of the list of sustainability indicators was based on the
analysis of: i) the ongoing standardisation work of TC350 and ISO
TC59 ii) commonly accepted life-cycle assessment (LCA) methods;
iii) the main indicators of most common building sustainability
rating systems, developed in different countries (mainly the inter-
national SBTool method and most well-known HBSA methods); iv)
some recognised examples of sustainable healthcare buildings; v)
the key sustainability criteria defended by Sustainable Healthcare
Architecture (Guenther and Vittori, 2013); vi) the Sustainable-
effective design (SED) practices identified studying the renowned
case studies (Castro et al., 2014); vii) and the Evidence-Based
Design (EBD) issues examined in background literature (Baum
et al., 2009).

The approach presented in this research is engrossed in the
Portuguese context and therefore, it considers specific Portuguese's
conditions and regulations, namely: i) the priorities set by the
Portuguese Ministry of Health guide (ACSS, 2013); ii) the opinion of
main stakeholders; iii) local regulations and targets, namely at
environmental, energy performance and buildings functionality
levels; and iv) the background of the Portuguese tool to assess the
sustainability of residential buildings (BToolPT-H).

With this methodology, it was possible to define the first draft of
the list of sustainability indicators that was after discussed with
some Portuguese key sustainability actors, belonging to the Por-
tuguese chapter of the International Initiative for a Sustainable
Built Environment (iiSBE Portugal). From these discussions, it was
possible to make some improvements in the list of indicators, by
adding some indicators that were considered necessary and taking
out others that were considered as no relevant for the Portuguese
context.

After defining the sustainability indicators, theywere structured
in sustainability categories and areas. A category is a global indi-
cator that summarises the performance of a building at the level of
a key sustainability aspect. The sustainability areas summarise the
performance of the building at the level of each main sustainable
development goal. Each category embraces the indicators that in-
fluence the building sustainability at that level. After that, the
categories were distributed among the different sustainability
areas. At a first step, three areas were defined, to assess the building
performance at the level of the three main dimensions of sustain-
ability: environment, society, and economy. Since there are cate-
gories that match more than one main dimension, to improve the
interpretation of results, two additional areas were created: Site
and Technical. This approach is similar to the one used in the
development of the SBTool method.

The following step is the development of the weighting system
of the HBSA method. The reasoning behind the development of the
weighting system is the fact that if the building sustainability is
communicated using several grades, it is hard to understand the
overall performance and therefore to compare different design
approaches (Mateus and Bragança, 2011). To overcome this, the
best method is to combine indicators within each category and
sustainability area in order to obtain the respective performance
levels (Allard et al., 2014). Consequently, the inclusion of a
weighting system of indicators is a necessary stage in the process of
developing assessment tools. This system can define the impor-
tance of each indicator according to the local context in which the
tool is developed (Ali and Nsairat Al, 2009). The method used to
define the weighting system is based on structured interviews with
the main HBSA stakeholders (private and public): architects, engi-
neers, sustainable construction experts; hospital managers; and
members of the National Health Service.

3.2. Collection of data

Data collection related to the definition of indicators was based
on the literature review and analysis of the following data: i) list of



Fig. 1. Steps for developing, structuring and applying sustainability Indicators to develop the HBSA method (based on (Ali and Nsairat Al, 2009)).

Table 1
Example of a table presented in the questionnaire (Category C3 - Soil use and
biodiversity).

C3 - Soil use and biodiversity

Indicator 1 2 3 4 5

I4 - Layout optimisation
I5 - Soil sealing
I6 - Reuse of previously built or contaminated areas
I7 - Ecological protection of the site
I8 - Rehabilitation of the surrounding
I9 - Use of native plants
I10 - Heat island effect
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indicators of different HBSA methods; ii) ongoing standardisation
work that is being developed by CEN TC350 and ISO TC59; iii) and
in recognised case studies.

Regarding the interviews, an online questionnaire was devel-
oped and sent to the main Portuguese stakeholders in the context
of Portuguese healthcare buildings. The questionnaire allowed the
opinion of each group of stakeholders at the level of each sus-
tainability indicator to be understood. This method was used by
several authors like Annunziata et al. (2016).

The questionnaire was organised in three parts. The first part is
aimed at gathering the personal data related to the respondents
(thework or expertise group they belong to; the area in the country
where they work, etc.). The second one presents the proposed
structure for the method and requests the respondent to rank the
relativeweight of each indicator, category and area. The third part is
aimed at collecting comments and suggestions to improve the
proposal structure. By using this approach, it was possible to collect
the data necessary to develop the weighting system and to improve
the structure of the tool.

Each respondent was asked to consider all tables presented in
the questionnaire, where the indicators of each category and the
categories of each area were presented. In each one, they needed to
define the relative importance of each indicator or category in the
quantification of building performance at different levels. Consid-
ering the grading scale presented in the questionnaire, each table
should be assessed independently. Thus, the respondents rated
comparatively from 1 to 5 all indicators and categories, and they
could also assign equal ratings to two or more indicators. The most
to the least important rating should be indicated, making sure that
in each table would always show at least one indicator or category
as being the most important. Table 1 presents an example of one



Table 2
Table presented in questionnaire to evaluate the relative weight of
each area.

Area Opinion

Environmental
Sociocultural and Functional
Economy
Technical
Site
Total 100%
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table presented in the questionnaire.
Finally, the definition of the relative importance that each area

should have in quantifying the overall sustainability level of a
building was requested. The sum of the percentage allocated to
each area should be 100% (Table 2).
3.3. Sampling process

The sampling process was established to adequately support the
development of sustainability indicators, a structure of the method
and weighting system. This was based on the adaptive learning
process, presented in Fig. 2.

Empirical research from around the world shows the benefits of
engaging local communities in sustainability monitoring. In-
dicators developed within this type of approach are very helpful
and usually contribute to improving the indicators developed by
experts (Reed et al., 2006), because it helps the definition of pri-
orities that answer to the particular local context. Nevertheless, as a
primary step in the development of the method, it was decided to
consider only the opinion of the main intervenient in the life cycle
of the healthcare sector. The reasoning for this is to raise feasibility
at this stage of the development of the HBSA method and to allow
its application all over the country, independently from the local
priorities. Future work will include questionnaires to local com-
munities of different Portuguese territorial units to assess the
Fig. 2. Adaptive learning process for sustainability indicators de
necessity to introduce specific adaptations to the local context.
The sample is composed by a group of stakeholders, and they are

from diverse fields: architects, engineers, sustainable construction
experts; hospital managers; and members of the National Health
Service. All participants were classified into three main groups:

1. Sustainable construction and building experts (qualified evalu-
ators of Building Sustainability Assessment (BSA) methods, re-
searchers, professionals and designers of building industry) and
professionals with more than five years of construction and
design experience in the healthcare context;

2. Hospital managers (including Local Managers of Energy and
Carbon) andmembers of the National Health Service involved in
strategic plans for energy reduction, etc.;

3. Professionals with less than five years of construction and
design experience in the healthcare context or environmental
and sustainable design (designers and building industry
professionals).

The first group is composed of some sustainability experts and
professionals identified by the Portuguese chapter of the Interna-
tional Initiative for a Sustainable Built Environment (iiSBE
Portugal), the Portuguese Architects Association (OA) and the Por-
tuguese Engineers Association (OE). The National Health Service
(SNS) provided the sampling frame for the second group. The third
group includes members of the listed organisations that were not
included in Group I and II but those who have experience in
designing healthcare buildings or in sustainable and environmental
design. Although this last group has less experience than the other
groups’ members, it is assumed that it was important to consider
their opinion in the weighting process since they are also actors in
the process of designing sustainable buildings.

From a universe of 100 potential respondents, the total number
of questionnaires received was 60. The representativeness of each
group was: 54% for the Group I, 18% for the Group II and 28% for the
Group III.

Saaty (1988) recommends that when there are different levels of
velopment and application (based on (Reed et al., 2006)).
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expertise and experience in an interviewed sample, the sample
should be organised into three different groups and the weight of
the opinion of each group in the results should be different. Saaty
(1988) proposes the following distribution of weights: the
opinion of Group I in setting the averageweighted meanwas worth
45%; Group II was worth 31%; and Group III was worth 24%. This
means that higher weight was given to the opinion of those that
have higher competencies in the field being analysed.
3.4. Development of the weighting system for the assessment
criteria

The proposed criteria structure for HBSAtool-PT is based on a
multi-dimensional approach that considers the most important
environmental, societal and economic issues. The process for the
developing system of weights for the assessment criteria should be
both flexible and comprehensive. This procedure can be based on
different methodologies: Experts panel; Endpoint method; Econ-
omy method; and Analytic Hierarchy Process (AHP) method. Based
on the benefits and barriers of the different approaches, in this
study, the AHP was used in the definition of the weighting system.
Nevertheless, it is possible to say that the approach used is the
result of a combination of the AHP and the Experts panel meth-
odology since the qualitative relative weights were based on
questionnaires to groups of experts.

AHP is amethod ofmulti-criteria analysis, developed by Thomas
L. Saaty in 1980. It is a mathematical technique to support decision-
making that provides efficient means of dealing with multifaceted
decision-making. It can also decrease complex and difficult de-
cisions, taking into account a series of one-on-one comparisons by
supporting with recognised and weighting assortment criteria,
analysing the data collected ad furthering the process of decision-
making (Ali and Nsairat Al, 2009). This method has been used by
several authors to analyse data for similar purposes to the one of
this study, as in (Sambasivan and Fei, 2008; Thanki et al., 2016).

AHP methodology is constructed on the following principles
(Saaty, 2008): i) Decomposition e that structures the problem
regarding its main components; ii) Comparative judgments e that
are essential for paired comparison of items and investment op-
tions to get the weights of criteria and relative importance of in-
vestment options; iii) Synthesis of priorities eof criteria and
options for weights into a global rating centred on which greatest
option is decided upon.
3.4.1. Definition of the weight of each category or indicator
To develop the system of weights, both at the level of categories

and indicators, the AHP method was used for the multi-criteria
analysis. The AHP method can convert subjective human judg-
ment into a quantitative analysis based on the principles of
decomposition, comparative judgments and synthesis of priorities.
Decomposition structures the problem according to its main
components: focus, set of criteria for evaluation and the decision
alternatives.

To enable this method to be applied, it is necessary to make
paired comparisons, which are executed between categories and
between indicators belonging to each of these. For this purpose,
and considering the scale of importance on the questionnaire -
from 1 (the least) to 5 (the most important) e the respondents
ranked the relative qualitative importance of each sustainability
criterion.

Taking as an example the development of the weights of the
indicators that belong to the Environmental category, the stages of
the AHP method used were (an example of Environmental
category):
1. To consider the number of answers given (level 5) by each Group
(I, II and III) for each category;

2. To make paired comparison which starts with the selection of
two items and measure the relative importance between them
(C1 vs C2, C1 vs C3, C1 vs C4, etc.). Thenmake a judgement of the
performance of paired comparison of categories in achieving the
goal.

3. To apply the AHP calculation process to synthesise paired
comparisons (hierarchical synthesis). This is used to weight the
Eigenvector entries by the weights of the items, and the sum is
taken as overall weighted eigenvector entries. The method
chosen to determine eigenvector was ANC method (Hsiao,
2002). In this method the figures of each column were divided
by the sum of the columns, to add the element in each resulting
row and divide this sum by the number of elements in the row
(C1 vs total sum of the ratios of column C1; C2 vs total sum of the
ratios of column C1; C3 vs total sum of the ratios of column C1).

4. To incorporate consistency of results through the analysis of the
degree of consistency among the paired comparisons. This is
made by calculating the following parameters: the Eigenvalue
(lmax); then the consistency index (CI) and random index (RI);
and finally the consistency ratio (CR). If there is consistency in
the analysis, it is possible to set the weights to be allocated to
each of the categories under study.

Thus, to set the weight for each category and each indicator, a
separate analysis was performed for each one of the five areas and
each of the twenty-two categories respectively. Using the square
matrix structure, it is possible to establish the relative importance
(relative weight) of each indicator and category (Hambali et al.,
2010). Finally, Equation (1) was used to determine the final
weight of each category or indicator in the analysis, taking into
consideration the opinion of different groups.

Category=Indicator weight ¼ WIIðAWIÞ þWIIIðAWIIÞ
þWIIIIðAWIIIÞ (1)

WI ¼ Weight Index assigned to each of the three groups (group
I ¼ 0,45; group II ¼ 0,31; group III ¼ 0,24)
AW ¼ Average weight assigned by each group
3.4.2. Averaging method used in the definition of the weight of each
area

The mechanism chosen to obtain the final weights for the five
proposed areas is the sum of the average of the percentages derived
from the responses of each group of experts. The weight of each
area is the sum of the percentages assigned by each person, divided
by the total number of responses from each group and multiplied
by the Weighting Index (WI) assigned to each of the three groups.
Equation (2) explains how the results were obtained.

Area weight ¼ WII

�P
PnI
nI

�
þWIII

�P
PnII
nII

�
þWIIII

�P
PnIII
nIII

�

(2)

WI ¼ Weight Index assigned to each of the three groups (group
I ¼ 0,45; group II ¼ 0,31; and group III ¼ 0,24);
P n ¼ percentage assigned by each respondent;
n ¼ number of answers.
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4. Presentation and analysis of results

4.1. Structure proposed

The proposed HBSAtool-PT is based on three levels of sustain-
ability criteria (Table 3): indicators, categories and areas. Using the
methodology presented above, a list of fifty-two sustainability in-
dicators was defined. This list was organised in the following
twenty-two categories: environmental life cycle impact assessment
(related to environmental impacts embodied in the construction
materials and the impacts resulting from the building operation);
energy; soil use and biodiversity; materials and solid waste; water;
user's health and comfort; controllability by the user; landscaping;
passive design; mobility plan; space flexibility and adaptability; life
cycle costs; local economy; environmental management systems;
technical systems; security; durability; awareness and education
Table 3
Structure proposed for the HBSA Portuguese method.

Areas Categories

A1
Environmental

C1 - Environmental life cycle impact assessm
C2 - Energy

C3 - Soil use and biodiversity

C4 - Materials and Solid Waste

C5 - Water

A2
Sociocultural and functional

C6 e User's health and comfort

C7 - Controllability by the user

C8 - Landscaping
C9 - Passive design

C10 - Mobility plan
C11 - Space flexibility and adaptability

A3
Economy

C12 - Life cycle costs

C13 - Local economy
A4
Technical

C14 - Environmental management systems

C15 e Technical systems
C16 - Security
C17 - Durability

C18 - Awareness and education for sustainab

C19 - Skills in sustainability
A5
Site

C20 - Local community
C21 - Cultural value
C22 -Facilities
for sustainability; skills in sustainability; local community; cultural
value; and facilities. Each assessment category is identified by some
indicators and belongs to one area of evaluation. The number and
nature of indicators inside each category vary so that the most
important sustainability issues in the Portuguese context are
considered.

Regarding the definition of areas, the structure proposed for the
HBSAtool-PT covers the three main dimensions of the sustainable
development concept and includes the following five high-level
sustainability areas (Table 3): environmental; sociocultural and
functional; economy; technical; and site. The last two areas are not
commonly considered as sustainability dimensions but are essen-
tial because there are categories that could belong tomore than one
of the three top dimensions (environmental, societal and
economy).
Indicators

ent I1 - Assessment the life impact of the building
I2 - Primary energy consumption
I3 - Local energy production
I4 - Layout optimisation
I5 - Soil sealing
I6 - Reuse of previously built or contaminated areas
I7 - Ecological protection of the site
I8 - Rehabilitation of the surrounding
I9 - Use of native plants
I10 - Heat island effect
I11 - Construction waste
I12 - Reused products and recycled materials
I13 - Waste separation and storage
I14 - Drinkable water consumption
I15 - Recycling and recovery of effluents
I16 - Treatment of contaminated effluents
I17 - Natural ventilation
I18 - Toxicity of finishing materials
I19 - Thermal comfort
I20 - Visual comfort
I21 - Acoustic comfort
I22 - Indoor air quality
I23 - Ventilation and temperature
I24 e Natural light
I25 - Visual link with the surrounding landscape
I26 e Layout and Orientation
I27 e Passive Systems
I28 - Accessibilities
I29 e Availability and accessibility to social areas
I30 - Space optimisation
I31 - Space flexibility
I32 - Space adaptability
I33 e Initial cost
I34 - Operational costs
I35 - Hiring local goods and services
I36 - Commissioning
I37 - Environmental management plan
I38 e Infection control
I39 - Reducing noise pollution
I40 - Efficiency of lighting and air conditioning systems
I41 - Occupants safety
I42 -Materials of high strength and durability
I43 - Proper selection of furniture

ility I44 - Education of occupants
I45 - Education of service providers
I46 - Satisfaction surveys
I47 - Integration in the team of a Qualified sustainability expert
I48 - Local community development
I49 - Heritage framework
I50 - Accessibility to public transport
I51 - Low impact mobility
I52 - Local amenities



Fig. 4. Comparison between the average weights assigned by each group to the sus-
tainability areas.
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4.2. Weighting system for the sustainability criteria

The second stage in the process is developing the weighting
system for the sustainability indicators. This is aimed at ranking the
significance of each indicator to be used, for instance, in the
weighted average process that allows the calculation of the overall
sustainability score.

Based on the results of the questionnaire, it was possible to
obtain the final weight that each indicator, category and area
should have in the overall sustainability performance. In this
approach, the individual opinion of each respondent's group is also
analysed and compared with the other two groups.

In the questionnaire, the respondents were firstly asked to input
the qualitative relative weight that each indicator should have in-
side each category. Secondly, they have been invited to rank the
importance of each category in the global assessment of each issue
area. Finally, and given that the sum of theweight of each of the five
areas must be 100%, the relative importance of each one would
have been requested.
4.2.1. Definition of the weight of each area
For simplicity and practical use, the weights of areas were

rounded to the nearest integer number.
With the approach specified in Section 3.4.2, it was possible to

assign the following weights for the sustainability areas (Fig. 3):
25% for the Environmental; 20% for the Sociocultural and Func-
tional; 20% for the Economy; 20% for the Technical; and 15% for the
Site area. Analysing Fig. 3 it is possible to conclude that the Envi-
ronmental area has the highest score, next the three sustainability
areas are considered to have similar importance, and only the “Site”
area is deemed to have the lower weight. Fig. 4 presents the dif-
ferences between the average weights assigned to each group of
respondents.

From the analysis of Fig. 4, it is possible to conclude that Group I
gave to the Environmental area the highest score, and this weight is
clearly different from the weights assigned to the other areas. On
the other hand, Group II highlights the Economy and Technical
Areas. As in Group I, Group III gave the highest percentage of the
Environmental area, but the differences between this and the So-
ciocultural and Functional area is, in this case, smaller. These dif-
ferences are above all related to the profile of each Group's
participants, taking into consideration their competences in the
field of sustainability and the day-to-day problems they face.
Regarding the last question of the survey, none of the respondents
suggested a change at the level of the sustainability areas.

The Coefficients of Variance (CVs) of the obtained weights are
also presented in Fig. 4, for the three groups of stakeholders and
five areas of sustainability. CVs are a measure of reliability and
lower values, under 0.40, indicate that there is no considerable
variability from one answer to another (Chandratilake and Dias,
Fig. 3. Results obtained for the weight of each sustainability area.
2015). From the analysis of Fig. 4, it is possible to conclude that
there is no significant variability in the obtained answers, exception
made to the following areas and groups, which CV is over 0.40: Site
(Group I); and Environmental (Group III). Nevertheless, the effect of
these two exceptions in the final weight of each area is very small
since it is based on the weighted average opinion of each group.
4.2.2. Definition of the weight of each category
Fig. 5 presents the weight of each category inside the respective

area. From the analysis of this Figure, it is possible to conclude that
C2 (Energy) and C15 (Systems) are the most important categories in
the Environmental area. C6 (Users' health and comfort) is the most
important category in the Sociocultural and Functional area. In the
Economy area, the category C12 (Life cycle costs) is considered the
most relevant, comparable to C22 (Facilities) in the Site area. This is
quite understandable, given themain concerns in the health sector:
the users’ comfort, the available facilities and own quality and costs
control.

Regarding the open question at the bottom of the questionnaire,
there were only two respondents suggesting changes in the
framework of the method. By coincidence, they made the same
suggestion that was to move category C9 (Passive design) to the
Environmental area. Since the great majority of the respondents
agreed with the proposed framework, it was decided to keep it as it
was.
4.2.3. Definition of the weight of each indicator
Each category has an amount of indicators, and the way each

indicator influences the performance at the level of each sustain-
ability category is different.

Respondents argued that all the presented indicators are
essential and representative of the category to which they belong.
So, they agree that this list should be considered in the proposed
assessment method. Additionally, there were no recommendations
in the questionnaire's open question regarding this issue.

The respondents were asked to set the relative weight of each
indicator in the assessment of the performance at the level of each
category. Table 4, presents the weights assigned to each indicator,
inside each sustainability area.

In the case of categories that only have one indicator, the weight
of the category equals the weight of the indicator.

By analysing each category, it is possible to highlight the most
important Indicator according to the opinion of the responders. In
Category 2 (Environmental life cycle impact assessment), the
weight of Indicators is balanced, whereas indicator I2 (Non-
renewable primary energy consumption) carries more weight. In
Category 3 (Soil use and biodiversity), the most important is I4
(Layout optimisation), closely followed by I6 (Reuse of previously



Fig. 5. Weighting of categories in each area.
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built or contaminated areas). On the other hand, in Category 4
(Materials and Solid Waste), I13 (Waste separation and storage)
achieved the highest score, and in Category 5 (Water), I14 (Drink-
able water consumption) is the most important. Category 6 (User's
health and comfort), shows that the most important is I22 (Indoor
air quality), closely followed by I17 (Natural ventilation), and in
Category 7 (Controllability by the user), the same weight was ob-
tained for the two indicators. In Category 9 (Passive design), I27
(Passive Systems) is clearly greater than I26 (Layout and Orienta-
tion) and in Category 11 (Space flexibility and adaptability), the
most important is I29 (Availability and accessibility to social areas),
but the other three indicators have a balanced weight. Further-
more, in Category 12 (Life cycle costs), I34 (Operational costs) is
clearly more important than I33 (Initial cost) and in Category 14
(Environmental management systems), the most important indi-
cator is I38 (Infection control). In Category 17 (Durability), I42
(Materials of high strength and durability) is clearly more impor-
tant than I43 (Proper selection of furniture) and in Category 18
(Awareness and education for sustainability), the most important
indicator is I45 (Education of service providers), closely followed by
I44 (Education of occupants). Finally, in Category 22 (Facilities), the
most important indicator is I50 (Accessibility to public transport).

Overall the three groups highlighted the same indicators in each
category. However, it should be noted that some significant dif-
ferences were recorded between the views of each group. In
Category 2 (Life cycle assessment of non-renewable primary energy
consumption), group III gave more importance to I2 (Non-renew-
able primary energy consumption) than to I3 (Local energy pro-
duction), while the other groups gave similar weights to the two
Indicators. In Category 3 (Soil use and biodiversity), Group I
considered I6 (Reuse of previously built or contaminated areas)
greater than I4 (Layout optimisation). In Category 5 (Water), Group
III considered I16 (Treatment of contaminated effluents) more
important than I14 (Drinkable water consumption) and in Category
6 (User's health and comfort), Group II and III considered I22 (In-
door air quality) more important than I17 (Natural ventilation).
Furthermore, in Category 7 (Controllability by the user), Group III
considered I24 (Natural Light) greater than I23 (Ventilation and
temperature) and in Category 11 (Space flexibility and adaptability),
Group I found I29 (Availability and accessibility to social areas) the
least important indicator. Finally, in Category 18 (Awareness and
education for sustainability), Group II considered I44 (Education of
occupants) the most important indicator, and Group III gave the
same importance as I43 (Proper selection of furniture) from cate-
gory C17.
5. Discussion

5.1. Comparison of weights between HBSAtool-PT and others HBSA
existing methods

Sustainability assessment of healthcare buildings is still a new
concept that is under development by several international orga-
nisations. Compared to other types, healthcare buildings are much
more complex systems due to the specific and higher technical and
functional requirements, and due to the number of different health
service, they can cover. Additionally, based on the number of ser-
vices they cover and population they serve, there are different types
of healthcare buildings. This means that, for instance, some
benchmarks can vary from type to type of healthcare building (e.g.
the benchmarks for the energy consumption of a building that
cover a small number of medical specialities cannot be the same as
a national level healthcare building that covers all specialities)
(Castro et al., 2015a).

Fig. 5 and Table 4 summarise the structure proposed for the
HBSAtool-PT and the respective weights for each category and in-
dicator. The weight of each area is already presented in Fig. 3. The
sum of weights inside each category or area is 100%. At this level, it
is interesting to compare the proposed system of weights with
other studies, to identify differences at the level of sustainability
priorities.

As presented in Section 1, it is possible to identify some recog-
nised existing methods in the market that are focused or can be
used in the assessment of healthcare buildings: BREEAM UK New
Construction; LEED BDþC (Building Design and Construction);
Green Star e Design & As Built; and CASBEE e NC (New
Construction).

All of them have a similar structure and an equal weighting
system. They have only one manual and tool to be applied to
different types of new constructions, existing buildings and refur-
bishment, including healthcare buildings There are some criteria to
be applied and at the level of each criterion, it specifies the type of
building where it must be implemented (Castro et al., 2015b).

The tool versions on which this study is based are the latest at
the time of submitting this study, namely: BREEAM UK New Con-
struction, Non-Domestic Buildings (United-Kingdom) e

SD5076:5.0, 2014; LEED BDþC (Building Design and Construction)
v4, updated April 2016; Green Star e Design & As Built v1.1; and
CASBEE for Building (New Construction) 2014 edition.

There are shared concerns among these four HBSA tools, such
as: the use of energy; water efficiency; indoor and outdoor



Table 4
Weight of each indicator in the quantification of building performance at the level of
each category in HBSAtool-PT.

ID Designation Weight (%)

A1 Environmental

C1 Environmental life cycle impact assessment 100
I1 Environmental the life impact of the building 100
C2 Energy 100
I2 Primary energy consumption 53
I3 Local energy production 47
C3 Soil use and biodiversity 100
I4 Layout optimisation 24
I5 Soil sealing 15
I6 Reuse of previously built or contaminated areas 19
I7 Site ecological protection 16
I8 Rehabilitation of the surrounding 10
I9 Use of native plants 7
I10 Heat island effect 8
C4 Materials and Solid Waste 100
I11 Construction waste 20
I12 Reused products and recycled materials 36
I13 Waste separation and storage 44
C5 Water 100
I14 Potable water consumption 43
I15 Recycling and recovery of effluents 23
I16 Treatment of contaminated effluents 35

A2 Sociocultural and functional

C6 User's health and comfort 100
I17 Natural ventilation 23
I18 Toxicity of finishing materials 17
I19 Thermal comfort 18
I20 Visual comfort 7
I21 Acoustic comfort 10
I22 Indoor air quality 25
C7 Controllability by the user 100
I23 Ventilation and temperature 50
I24 Natural light 50
C8 Landscaping 100
I25 Visual link with the surrounding landscape 100
C9 Passive design 100
I26 Layout and Orientation 38
I27 Passive Systems 62
C10 Mobility plan 100
I28 Accessibilities 100
C11 Space flexibility and adaptability 100
I29 Availability and accessibility to social areas 31
I30 Space optimisation 21
I31 Space flexibility 24
I32 Space adaptability 25

A3 Economy

C12 Life cycle costs 100
I33 Initial cost 31
I34 Operational costs 69
C13 Local economy 100
I35 Hiring local goods and services 100

A4 Technical

C14 Environmental management systems 100
I36 Commissioning 23
I37 Environmental management plan 24
I38 Infection control 37
I39 Reducing noise pollution 15
C15 Technical systems 100
I40 Efficiency of lighting and air conditioning systems 100
C16 Security 100
I41 Occupant safety 100
C17 Durability 100
I42 Materials of high strength and durability 71
I43 Proper selection of furniture 29
C18 Awareness and education for sustainability 100
I44 Education of occupants 39
I45 Education of service providers 41
I46 Satisfaction surveys 20
C19 Skills in sustainability 100

Table 4 (continued )

ID Designation Weight (%)

I47 Integration in the team of a qualified sustainability expert 100

A5 Site

C20 Local community 100
I48 Local community development 100
C21 Cultural value 100
I49 Patrimonial framework 100
C22 Facilities 100
I50 Accessibility to public transport 58
I51 Low impact mobility 24
I53 Local amenities 18
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environmental quality; resources and material; service quality, and
site strategies. Therefore, the proposed criteria for the HBSAtool-PT
presented in this study uses a similar approach since those con-
cerns are also considered. On the other hand, each method high-
lights different criteria according to where they were aimed to be
applied. For instance, BREEAM UK New Construction and Green
Star e Design & As Built consider “Transport” and “Pollution” cat-
egories as individual evaluation categories, and LEED BDþC and
CASBEE e NC consider these issues as indicators that belong to
other categories. Nevertheless, all the four methods consider “En-
ergy” as the most important sustainability category.

Although there are differences between the list of indicators of
the different tools, analysing ISO/AWI 21929 (ISO TS, 2010) it is
possible to identify some core categories to enable comparison
between the existing methods and the HBSAtool-PT (Fig. 6): Indoor
environmental quality/Wellbeing; Energy; Water; Materials; Sus-
tainable sites; Management; Transport; Pollution; Waste; Outdoor
quality; Economic; and Cultural value.

Regarding this analysis, it is necessary to highlight that BREEAM
UK New Construction, LEED BDþC, Green Star e Design & As Built
and the proposedmethod (HBSAtool-PT) uses a similar approach in
the aggregation of the global sustainability score. Therefore, they
can be compared. On the other hand, it is not possible to include
CASBEE e NC in this analysis, because this tool uses a very specific
method to quantify the global score. The specific method is based
on the relation between two main groups of criteria: the ‘‘building
environmental quality’’ (Q) and the ‘‘building environmental load’’
(LR) (CASBEE, 2010).

Fig. 6 presents, for the different methods in analysis, the weight
that each ISO/AWI 21929 core category has in the global sustain-
ability score.

Regarding Fig. 6 it is important to note that it is a method that
gives much more importance to one core sustainability category
than to others. In LEED the performance at the level of the energy
related to sustainability indicators consists of weights of approxi-
mately 40% in the global sustainability score.

On the other hand, in BREEAM UK New Construction there is a
more balanced weighting between all core criteria, and in Green
Star e Design & As Built it is possible to identify three main groups
of core categories: Wellbeing, Energy and Materials. Compared
with the other methods, the proposed HBSAtool-PT covers three
additional core categories: Outdoor Quality; Economy; and Cultural
Value. Moreover, in this method, Economy is one of the two leading
sustainability categories, while this category is not considered in
the other methods. Based on these differences, it is possible to
conclude that this study is a great contribution to the development
of the HBSA methods because it sets a more comprehensive list of
sustainability priorities that is in line with the ongoing stand-
ardisation works. Additionally, in the Portuguese context, the
importance given to the economy category is more accordingly to
the weight that the healthcare sector plays in the Portuguese



Table 5
Core sustainability indicators of the ISO/TS 21929-1: 2011 (ISO TS, 2011) covered by the analysed methods.

M.F. Castro et al. / Journal of Cleaner Production 148 (2017) 555e570 565
economy, and it reflects the stakeholders’ opinions gathered in the
survey.

Besides the comparison with the most well know HBSA
methods that already exist in the market, it is also worthy to
compare the results with other studies developed for specific
countries. As an example, results are also compared with the
following to studies: Duurzaamheidsmeter Zorg method
(Stevanovic et al., 2016); and the Sri Lanka weighting system
(Chandratilake and Dias, 2013). Duurzaamheidsmeter Zorg is an
adaptation of BREEAM UK New Construction method adjusted for
the healthcare facilities and taking in consideration the Belgian
context (Stevanovic et al., 2016). The Sri Lanka survey is not focused
in healthcare buildings in particular, but the building sector in
general. Nevertheless, since the HBSATool-PT and the Sri Lanka
weighting systems used a similar approach to rank the priority of
sustainability indicators, applied to different contexts, it is inter-
esting to compare the results of the two studies.

Fig. 7 compares the proposed HBSAtool-PT system of weights
with the weights of the two mentioned studies, considering the
ISO/AWI 21929 core sustainability categories (ISO TS, 2010).

From the analysis of Fig. 6, it is possible to conclude that,
compared with the other two studies, HBSAtool-PT uses a more
comprehensive approach, since it covers all ISO/AWI 21929 core
categories. While the other two studies are above focused in the
environment dimension of sustainability, HBSAtool-PT also con-
siders the core sustainability categories related to the other two
sustainability dimensions: economy and society.
5.2. Comparison of criteria between ongoing standardisation and
HBSA methods

According to the ongoing standardisation, Tables 5 and 6 list the
sustainable aspects, including environmental, societal and eco-
nomic, that according to ISO/TC 59/SC 17 (ISO TS, 2011) and CEN/TC
350 (CEN TC 350 2011, 2012a, b) (CEN TC 350, 2011), (CEN TC 350,
2012a) (CEN TC 350, 2012b), mandates should be considered when
assessing the sustainability of construction works. These tables
present how the four HBSA existing methods and the proposed
HBSAtool-PT method cover the list of the standardised sustain-
ability criteria. These Tables improve and complete others results
previously published by Castro et al. (2015b).

Analysing Tables 5 and 6 and regarding societal criteria, it is
possible to conclude that all tools are almost consistent with the EN
15643-3: 2010 and ISO 21929: 2011 since they cover most of the
listed criteria. Furthermore, from the analysis of the above-
mentioned Tables, it is also possible to conclude that Green Star
e Design & As Built is the method that covers less standardised
sustainability criteria and HBSAtool-PT and LEED BDþC are those
that are more consistent with ongoing standardisation. Regarding
“Safety” category it is necessary to note that “Resistance” and “Fire
safety” are already regulated in Portugal with other specific legal
regulations, so these indicators were not taken into account in
HBSAtool-PT. Regarding Environmental criteria, HBAStool-PT is the
one that covers more standardised indicators followed by LEED
BDþC. Results also show that the most relevant differences are



Table 6
Sustainability indicators of CEN/TC 350 (EN 15643-2: 2011 (CEN TC 350, 2011), EN 15643-3: 2012 (CEN TC 350, 2012a), EN 15643-4: 2012 (CEN TC 350, 2012b)) covered by
analysed methods.
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found at the level of the economic dimension since most stand-
ardised economic criteria are not directly addressed. Rather than
assessing the standardised economic criteria directly, the devel-
oped framework considers that these are implicitly contained in
some environmental principles, such as the: reduction of resource
consumption, energy management and water efficiency.
6. Conclusions

The structure of HBSAtool-PT can help to produce significant
Fig. 6. Comparison between the weights systems of each analys
benefits not evident in standard design and building management
practices. Additionally, and compared with other existing ap-
proaches, it allows the integration of more widespread social and
economic concerns, rather than be focusing on reducing environ-
mental impacts.

If decisions are made at the early design stage, both in new
construction or rehabilitation operations, it is possible to integrate
sustainability principles, with a greater probability of success and
reduced cost. This is only possible using comprehensive and sys-
tematic approaches that can be used in decision-making by the
ed method, considering the ISO/AWI 21929 core categories.



Fig. 7. Comparison between the system of weights of HBSAtool-PT, Duurzaamheids-
meter Zorg, and Sri Lanka weighting system, considering the ISO/AWI 21929 core
categories.
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design teams. It is also necessary to highlight that, to be effective,
the approach used must be aligned with the environmental, soci-
etal and economic contexts of the country/region where it is going
to be applied.

In this sense, the HBSAtool-PT presents a structured list of
sustainability indicators with respective weights in the overall
sustainability and is aimed at promoting the development of more
sustainable healthcare buildings in Portugal.

Additionally, since there is no common international under-
standing regarding the weight of each indicator has in the global
sustainability assessment, this research is also aimed at presenting
a methodology to develop the system of weights of a HBSA
methods.

Regarding the methodology used, since there is no common
international understanding regarding theweight of each indicator,
it is based on the results of a questionnaire that involved the main
Portuguese healthcare sector stakeholders. This approach is very
important since it allows for: i) considering the knowledge and
experience of different stakeholders in the process of designing,
using and maintaining a healthcare building; ii) validating the list
of sustainability indicators and the proposed framework for the
method; iii) understanding the relative importance of each sus-
tainability area, category and indicator in global sustainability; and
v) considering the specific environmental, economic and societal
contexts.

Finally, this paper presents an approach to assessing the sus-
tainability of healthcare buildings that is aimed at evolving existing
approaches. The proposed structure is based on the limitations of
the recognised existing methods and on ongoing standardisation.

This kind of studies and initiatives may be of significant
advantage in seeking improvement to the performance of health-
care buildings. From this study, some conclusions that can be
relevant to the debate regarding the efficiency of investment in
healthcare buildings are:

� First, these assessment methods can be used: to raise awareness
and to promote sustainable practices in healthcare buildings; to
reduce consumptions and costs and consequently the environ-
mental and economic impacts of these buildings; and to support
decision-making of both design teams and building managers in
the process of designing and operating sustainable healthcare
buildings;
� Secondly, by considering the main stakeholders' opinion, both
the list of indicators and system of weights are more aligned
with their expectations, therefore increasing their potential
effectiveness.

� Thirdly, by proving a list of sustainability indicators and the
corresponding assessment method and benchmarks, it allows
hospital managers to compare the operating efficiency of their
building with conventional and best practices on the national
scene.
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