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Abstract: Custom-built solutions for ageing, urban regeneration, energy efficiency, thermal perfor-
mance, and well-being are contemporary challenges that have prompted considerable research over
the past decades. In the construction field, subjects such as energy efficiency and thermal performance
are often addressed within the scope of mandatory regulations, the suitability of construction solu-
tions and the incorporation of technical equipment. Considering four residential structures for older
adults under construction in Portugal, this paper aims to highlight the importance of a comprehensive
approach to these issues, including architectural quality as the main target. In pursuit of this, a
cohesive set of intervention principles guided the analysis: the adaptive reuse of raw materials; taking
advantage of the site’s conditions; vegetation (type and location); construction options and durability;
solar exposure and shading; the pedagogy of building use; and the comfort and thermal perception.
Several reflections emerge from the analysis: good architectural design must consider dynamic
models incorporating each context and the site’s conditions; the culture of use and maintenance and
the notion of “adaptive comfort” are primary factors to enhance thermal performance and energy
efficiency; and each building is a unique result of a complex negotiation process. Bridging research
through practice, and multidisciplinary scientific integration enable engagement with reality and
raise awareness of the constraints and challenges to innovation in LTC design.

Keywords: residential structures for older adults; architectural research; research through design;
energy efficiency; ageing in place; Long Term Care (LTC) facilities; city refurbishment; passive design;
pedagogy of building use

1. Introduction

The urban areas of many contemporary cities encounter a multidimensional cluster
of challenges requiring a holistic approach to problem-solving on every relevant decision-
making scale. Metropolitan areas’ aged population is growing rapidly, and cities are facing
dramatic climate changes and energy consumption issues. According to Mauree et al. [1]
(p. 1), in 2018, “urban areas are responsible for more than 70% of the emissions” of green-
house gases. Furthermore, the building sector is one of the most significant energy con-
sumers in the EU, representing around 40% of final energy consumption and 60% of
electricity consumption (construction, usage, renovation and demolition) ([2], [3] p. 1).

As reported by the World Health Organisation (WHO, 2022) [4], rapid population
ageing poses challenges for governments and policymakers in many contemporary societies.
As in most European countries, in Portugal, the population is ageing at a fast pace and this
phenomenon is related to several factors such as increased life expectancy and the continued
decline in fertility rates, in line with the phenomena described in most countries [5].

According to the study of Bárrios et al. in 2018 [6] (p. 2), “Portugal is one of the
European countries that require greater attention to this phenomenon, with older age
cohorts representing a considerable part of the population”. The authors [6] (p. 2) syn-
thesise relevant data in this context: “According to Eurostat, in 2018, 21.5% of Portugal’s
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population was aged 65 years or above, representing the third highest figure in the EU28
(19.7%) after Greece (21.8%) and Italy (22.3%). In the same year, Portuguese citizens aged
80 years or older represented 6.3% of the population, above the EU28 mean (5.6%), and only
surpassed by Greece (6.9%) and Italy (7%)”. Also, the 2020 Portuguese National Statistics
Institute report [7] highlights that “the ageing ratio in Portugal will almost double, from
159 to 300 elderly people for every 100 young persons in 2080 as a result of the decrease in
the young population and the increase in the elderly population”. (Figure 1).
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In Portugal, the societal caregiving model frequently relies on the family to ensure
older adults’ assistance. More recently, government programmes such as the Independent
Life Support Model (MAVI) [9] implemented in 2017 (Decree Law 129/2017 of 9 Octo-
ber [10], followed by Ordinance 342/2017, 9 November [11], recently amended by Ordi-
nance 287/2020, 16 December [12]) introduced the provision of a personal assistance service
to support persons with severe disability or incapacity in daily activities.

Moreover, in recent decades, several long-term care solutions have emerged as an
alternative to the “traditional” nursing home, especially in the private market. The assisted
living residences that emerged in the early 2000s are an example of such cases [13,14].

Research on Ageing, well-being and energy efficiency in buildings offers numerous
opportunities for interdisciplinary studies that are committed to interprofessional collabo-
ration, with the creation of critical priorities and comprehensive perspectives that can be
effectively communicated to funding bodies, policymakers, and stakeholders.

This paper aims to study the architectural design solutions of four residential structures
for older adults currently under construction in Portugal (Figure 2). It seeks to explore the
implemented design models by connecting several contemporary challenges: custom-built
solutions for the ageing, urban regeneration, energy efficiency and well-being. These issues
are addressed from a holistic perspective and a scientific approach grounded on practice-led
research as a working method.

More specifically, the hypothesis that is advanced in this paper is that within archi-
tectural design, issues such as energy efficiency and thermal comfort are frequently only
addressed from the viewpoint of mandatory regulations, the suitability of the construction
solutions and the incorporation of technical equipment. However, these issues must be
considered from a broader perspective, including architectural quality. Therefore, the
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abstraction of scientific data provided by the different fields that participate in the design
process necessarily needs to be questioned when incorporated into the project.
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Concepts and instruments directly related to the architectural quality dimension, such
as adequate urban integration, solar exposure, vegetation, building maintenance, ways of
using, and suitable spatial organisation, providing views, daylight, and access to fresh air,
are frequently underestimated in energy efficiency-driven discourses connected with energy
certification. Some of these aspects have been explored by bioclimatic architecture studies
in recent decades [15–19] and are highly present in traditional architecture. Additionally,
these notions are crucial in every building design but particularly relevant when targeting
inhabitants with specific needs, such as those older adults for whom ageing in their homes
is not viable.

Thus, the research questions that guide the study are as follows: in the design of
these four residential structures, what was the approach to energy efficiency on different
scales, from the urban environment point of view to the perceptions of comfort and well-
being? What is the role of intermediate exterior spaces in these buildings? How can spatial
organisation enhance the perception of thermal comfort among the residents?

The paper is divided into six sections, with two main parts: Section 3, dedicated to
Design for Ageing: current challenges versus architectural practice constraints and Section 4,
From regulation to comprehensive design practices in energy efficiency, which focusses on
energy efficiency and thermal performance subjects. Both chapters have a similar structure,
namely, Sections 3.1 and 4.1 establish the particularities of the core subject, theoretical
framework, and our approach to the Portuguese context. The ensuing subchapters focus on
the analysis of the case studies. Sections 3.2 and 3.3 provide a general characterisation of the
programme, context, site, and regulatory constraints. Section 4.2 elaborates on the diverse
responses to a set of design principles within the scope, confronting empirical knowledge
gained by practice with a scientific background of relevant research in each topic.
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2. Materials and Methods

Four case studies were selected at different construction stages to address the issue
of design for ageing residents and current energy efficiency challenges. The projects were
developed by a Porto-based architecture office, Nuno Valentim, Arquitectura e Reabilitação,
LDA, which adopts a practice-led research approach to frame its work. The architect in
charge is also deeply involved in teaching and research in refurbishment and passive design
strategies at the Faculty of Architecture of the University of Porto. Each building complex
has a highly diverse urban site and context, occupying plots of land along the riverside
(Vila Nova de Gaia, Coimbra, Porto), in areas in transformation (Coimbra) or in the historic
city centre (Braga).

In the four selected projects, a set of cross-cutting concerns regarding urban framing
and site integration may be noted, namely:

• The dialogue between the scale of the new buildings and the dominant scale of
the surroundings.

• The use of local heritage as an identity reference.
• The choice of facade claddings, namely types of materials, colours and finishings,

aiming to establish connections with the local pre-existence.
• The enhancement of the surrounding natural areas and the creation of green spaces

for collective use.
• The organisation of the site plan to optimise solar orientation, exterior views, and the

visual and volumetric impact of the new construction on the surrounding environment.

The importance attributed to the site’s conditions and surrounding nature in the
approach to these projects is in line with a design and construction tradition that is well-
known and common to the architects from the Porto School of Architecture, following the
influences of Fernando Távora and Álvaro Siza [20–25]. As summarized by Bergdoll [26]
in “Siza: Notes on nature”, “Nature, for Siza, as he writes and draws in such symbiotic
harmony, is more about the nature of the site, the inhabitation of the site, of the terrain, of
the place as it is about an abstracted notion of Nature in the 18th century or the ecological
consciousness per se as it developed over the decades of his own early practice . . . Nor is it
simply a pragmatic relationship to resources, to a healthy respect for solar orientation, for
water resources, or prevailing winds as in Vitruvius’s first book. Siza’s nature is also the
poesis of the site”.

In this short text from the English republication of Siza’s book “Imagining the Evident”,
from the first Italian edition in 1998 [27], Bergdoll [26] makes an enlightening statement
that transports us from poetics to contemporary urgencies: “That first line—‘“Architecture
has no meaning unless in relation to NATURE”’—might also be read as a foreboding of the
environmental and climate crisis that is an essential part of our existence now, two decades
after these lines were first printed in Italian (translated from the Portuguese) . . . ”.

These thoughts bring us to the purpose of the environmental concern that underlies
the discussion of this paper. According to the architectural project authors of the resi-
dential structures for older adults under analysis, a cohesive set of principles guided the
interventions regarding energy efficiency and thermal performance:

• the adaptive reuse of raw materials;
• taking advantage of the site’s conditions;
• vegetation (type and location);
• construction options and durability;
• solar exposure and shading;
• the pedagogy of building use; and
• the comfort and thermal perception.

The adopted research framework follows the main steps of qualitative research:
General research question(s); Selection of relevant site(s) and subjects; Collection of rel-
evant data; Interpretation of data; Conceptual and theoretical work; Writing up find-
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ings/conclusions [28] (p. 384), introducing specific features and adaptations connected to
practice-led research.

Methodologically, the developed research engages practitioners (architects deeply
connected to practice), considering the empirical knowledge (i.e., the knowledge gained
from experiment and observation rather than from theory) gained through their daily
architectural projects and construction.

Research in architecture has its characteristics and specific features, especially con-
sidering that the practice of architects is a primordial means of achieving new cognition
through experience and “through work with form and space”, as argued by Hauberg [29]
(pp. 47–48). Roggema [30] (p. 2) underlines the principle that “Design research is both
the study of design and the process of knowledge production that occurs through the
act of design”. Rosemann [31] (p. 67) highlights the goal of exploring new possibilities
and innovative solutions. Additionally, Luck [32] (pp. 5–7) emphasizes the methodologi-
cal specificity of practice-led research, i.e., research conducted through practice, and the
challenges that emerge when it is confronted with scientific research knowledge production.

Thus, when addressing recent scientific research on the afore-mentioned set of princi-
ples, a particular focus is placed on the balance among a broad set of factors (e.g., client,
programme, site, regulatory constraints, sustainability, and budget, among several others).
This balance is necessarily established through architectural practice, by incorporating
the perspective of the design authors, the context, and the quality of the built result into
the discussion.

Following the definition of the general question and the selection of the case stud-
ies/architectural projects, relevant data were collected from all the written documents and
graphic materials related to the licensing process of the four selected projects (architec-
tural and mandatory engineering projects); the authors of the architectural projects were
interviewed and provided information regarding their options. One of the key findings to
emerge from the interpretation of the data was that, despite the extensive scientific detail
of the engineering projects and mandatory certifications, the architectural designers stated
that the project exceeds the technical requirements regarding energy efficiency and thermal
building performance.

In this step, their practice-led research prompted the definition of the conceptual frame-
work by theorizing several principles related to the subjects under the scope. Although no
radically new concepts emerged from the architects’ discourses, the above finding made it
possible to establish connections between several elements. The process led to the collection
of further data, namely scientific writings on the specified design principles.

The defined principles and general framework were then confronted with several
scientifically based studies on each topic, necessarily interdisciplinary, ranging from the
social sciences to the engineering fields, whereby their relevance in the contemporary
landscape was confirmed. Bryman [28] (p. 385) states, “As such, the literature becomes
significant at later stages of helping to inform theoretical ideas as they emerge from the
data and as a way of contextualizing the significance of the findings”.

These principles are further developed in Section 4, through four selected case studies
corresponding to private institutions in the north of Portugal, with a view to illustrating
a cross-disciplinary approach to energy-efficient architecture for the ageing society. Ad-
ditionally, the study has fostered deeper knowledge on the frameworks and constraints
associated with the implementation of private LTC solutions in Portugal, and the regulatory
framework regarding Energy certification in this context.

3. Design for Ageing: Current Challenges versus Architectural Practice Constraints
(Programme, Regulation, Site, Context)
3.1. Long-Term Care (LTC) and Ageing in Place Challenges

As our contemporary societies are getting older, the provision of well-being services
and residential solutions for the fast-growing population of older adults with chronic
conditions has been a focal topic in all the relevant policy-making fields for Ageing.
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An age-sensitive analysis of urban history distinguishes between the dominant spatial
manifestations of intergenerational relations in urban development. First, integrating the
young and old at the household level was the dominant model in preindustrial communities
(still the most common situation in Portugal). Later, according to Laws [33] (p. 688), the
dynamic of the industrial city triggered small-scale separations of the generations, which
required specific built environments; among the consequences of this, the rise of nursing
homes and long-term care centres may be mentioned.

Over the past decades, a significant boost in efforts has been seen to shift the idea of
caring services from the traditional slant of hospital-like institutions [34] (p. 112) to “ageing
in place” strategies [35] (p. 2), [36] (p. 145). This latter concept is regarded as a means
of ensuring that older adults maintain their independence, autonomy, and connection
to social support, including friends and family, as also mentioned by Wiles et al. [37]
(p. 357). Moreover, it is part of a governmental and societal strategy to replace (or delay)
institutionalisation, promoting the permanence of older adults in their local communities
near family or support services. Authors such as Demirkan et al. have clarified that these
strategies naturally have an impact on housing design, from setting key issues, influencing
decision making and affecting the establishment of intervention priorities [38–40], to the
integration of the inhabitants in the process [41].

Beyond this fact, according to Vasunilashorn et al. [42] (p. 4), the relevance of this
topic has also increased over time due to the greater availability of noninstitutional care
solutions, such as community housing, congregate housing, and boarding homes. Address-
ing alternative dwellings for senior citizens in view of their varying degrees of fragility and
dependence, Martín [43] mentions models such as: single senior dwellings shared senior
homes; intergenerational arrangements; supervised dwellings; assisted living; institutional
residences; and, finally, geriatric institutions.

In recent studies (2019), Alders et al. [44] (p. 83) state that “the trend of ageing-in-place
seems to be partly driven by technological advancement, changing preferences and culture,
and partly by changes in health policy”. Although ageing in place is becoming the most
popular idea in age-friendly policies for many societies, the demand for nursing homes
and institutional care centres is inevitable since some older adults may face great difficulty
living independently. Furthermore, professional care for predominantly older people with
chronic diseases and physical or mental disorders and disabilities can enhance their quality
of life.

In Alders et al.’s studies [44] (p. 83), when focusing on specific contexts, such as The
Netherlands, it is argued that although the demand for institutional LTC has reduced due
to ageing in place policies since 2015, “As the number of people over 80 years will double
over the next 20 years, in the future the declining demand for institutional LTC due to
ageing-in-place might be offset by a growing population in need for institutional LTC”.
They also underline that “Not only the quantity but also the type and quality of institutional
care that will be demanded is likely to change, because of changing ideas, expectations and
preferences of how institutional care should be provided. Traditionally, institutional care for
the impaired elderly was hospital-like and clinically oriented . . . For more than a decade,
however, the delivery of institutional LTC has been shifting to a homelike environment in a
nursing home” [44] (p. 84).

These transitions and new expectations should also be considered in light of the
2020 pandemic. Several 2020 studies focus on the impact of the COVID-19 pandemic on
long-term care facilities [45–48] and particularly the need to reassess architectural spatial
standards and quality of design, which is the specific focus of Andersen et al. in a study
from 2021 [49] (p. 1520). This study identifies the urgent need to examine these “design
models and provide alternative and holistic models that balance infection control and
quality of life at multiple spatial scales in existing and proposed settings” [49] (p. 1519).

Andersen et al. [49] (p. 1520) also argue that designing for improved quality of
life implies meeting several needs, namely “Community involvement and interaction”,
“Proximity to a person’s home community”, “Contact with a familiar neighbourhood”,
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“Access to local services or shops”, “Spiritual well-being”, and “Homelike environment
and privacy”, and that design issues should be considered across key spatial scales (from
site location to building details). As regards what the authors refer to as “Micro-scale
Issues” related to the Site and the Building, they underline that early research suggests the
benefits of small-scale (typically 10–12 residents), homelike settings with dedicated staff.
Sandvoll et al. [50] (p. 8) conclude that it is crucial to help create a ‘sense of place’, assisting
the residents in feeling at home and in undertaking pursuits that suit their uniqueness.
Additionally, the transitional spaces (intermediate spaces), supporting the residents’ daily
activities, are mentioned as key aspects to consider in design.

Recent research on LTC preferences, such as by Lemos et al. [51] (p. 10), has systematically
shown that older Portuguese adults’ preferred arrangements are still family-based solutions.

In Portugal, a National Network of Long-Term Care Services (Rede Nacional de Cuidados
Continuados Integrados, RNCCI) has been in place since 2006. Nevertheless, there is no
single paradigm for the organisation and provision of LTC services. In the last two decades,
private investment in residential structures for older people has increased, mainly due to
changes in the availability of family support and the lack of state-funded or capable social
responses. In fact, according to Cardoso et al. [52] (p. 394), although an essential share of
LTC services in Portugal has been provided by private, not-for-profit providers (namely
Misericórdias) since 2006, the government has assumed the responsibility of developing the
network of LTC services and of ensuring further funding so that the network can respond
to the population’s needs for LTC.

News on the media in Portugal have drawn attention to the design of nursing
homes [53,54], due to the recent pandemic. This news elicited the fact that as older adults
are particularly vulnerable to severe disease or death from diseases such as COVID-19, new
models need to be taken into consideration. Nursing homes have been found to prevent
physical and mental frailty in older residents and to mitigate the chronic loneliness caused
by the circumstances of the pandemic. Taking these aspects into consideration, studies
such as Araujo et al. [55] (p. 84) bring attention, to the fact that, in 2022, decision-makers
need to acknowledge that older people living in nursing homes have several health needs
(beyond physical health-related needs), which should determine the implementation of
new strategies to cover all those demands, including the buildings’ design.

3.2. The Private Approach to LTC Architecture in Portugal

The above-mentioned framework indicates the need for renewed LTC models with
smaller functional units and fewer residents. This discourse is supported by design re-
searchers in Spain, such as Martín in 2020 [56] and Pérez-Duarte Fernández & Cruz Petit in
2017 [57], who refer to a societal context that has many similarities with Portugal. However,
in Portugal, the reality of construction opportunities in urban centres remains anchored on
a logic of economic profitability, whereby projects are leveraged by the initiatives of private
foreign investors, as is the case of the four residences in this study.

According to the architecture designers, in these specific cases, the model sought by
the developer usually matches the design of compact buildings, a hotel-like scheme with
a central corridor and rooms arranged in a line and is presented as the most profitable
arrangement. For promoters, the expansion of the facilities represents the multiplication of
functional units and, consequently, of the number of employees assigned to each service
which, from their perspective, hugely affects the economic viability of the operations.

The four selected projects follow the promoters’ pre-established programmes and are
characterized by the viability of the financial operation, which translates into buildings
of considerable size (between 80 and 120 residents) divided into a variable number of
functional units. The buildings’ targets are a diverse audience and an unknown recipient.
Additionally, the programme is defined from the perspective of future transformation
flexibility, for example, into Continuous Care Units. The rooms are preferably single, with
accessible bathroom facilities. The residential structures accommodate a varied set of
services and collective spaces adapted to the everyday needs of this type of building.
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At the functional programme level, the projects are equally regulated by: (1) the legis-
lation in force in Portugal for residential structures for older adults (locally known as ERPI—
Estruturas Residenciais para Pessoas Idosas), namely the specifications and requirements of
specific areas and services laid down in Ordinance 67/2012 of 21 March [58], defining
the organisation, operation and installation conditions, and (2) Decree-Law 33/2014 of
4 March [59], which defines the legal framework for setting up, operating and supervising
social support establishments managed by private entities.

All staff and resident living areas, including the bedrooms, must comply with local
(Porto, Vila Nova de Gaia, and Coimbra) regulations that consider these residential struc-
tures as Service facilities (and not residential or hotel types, as in Lisbon’s regulations).
This fact impacts the buildings’ volumetric aspect (ceiling heights set at 3.00 m instead of
2.70 m) and their evaluation regarding energy efficiency certification.

Above all, Ordinance 67/2012 of 21 March determines the programme, spaces, func-
tional relations, number of users, and accessibility, among other parameters that shape the
architectural and constructive solution. Nevertheless, the understanding of the regulation
in the country’s different regions has given rise to varying interpretations by the local
Social Security and Regional Health Administration services, translating into differences
among the four case studies. The most evident interpretative “tensions” are related to the
number and location of sanitary support facilities, geriatric baths, support rooms with
pantries and nursing support. Licensing entities frequently adopt a narrow interpretation
of the normative quantification foreseen in Ordinance 67/2012, ignoring its openness and
flexibility and the architectural particularities of the sites.

The design of residents’ spaces and paths considers the provisions of Decree-Law
163/2006 of 8 August [60], the regulatory framework that regulates accessibility factors
in Portugal regarding all types of buildings. The Portuguese legislation framing the
“accessibility regime for buildings and establishments receiving the general public, public
roads and residential buildings” dates back to 2006, having been updated by Decree-Law
125/2017 of 4 October [61], and, recently, by Ordinance 301/2019 of 12 September [62],
which establishes the design methods to improve accessibility for people with reduced
mobility in pre-existing residential buildings.

This detailed document addresses a vast number of topics, namely the design of
shared spaces: mechanical means of vertical communication; provision of parking spaces;
accessible routes; manoeuvring spaces for a 180◦ rotation in circulations; dimensioning of
entrance spaces; dimensioning, disposition, and compulsory equipment of the sanitary
installations; specifications relative to staircases, coverings, and openings in the fire exits,
among others.

The concerns emerging from the COVID-19 pandemic resulted in adjustments to the
Porto project as of 2020, namely the segregation of service circuits. Nevertheless, some
aspects had already been taken into consideration in the Vila Nova de Gaia, Coimbra, and
Braga projects, particularly the interconnection between indoor and outdoor areas and the
possibility of isolating functional areas.

3.3. Four Residential Structures for Older People (ERPI’s Programme, Site, Context)
3.3.1. Case Study 1: Braga, Portugal (2017—Project; 2022—Under Construction)

This complex is in the historic centre of Braga, on a plot of land delimited by three
streets and occupying an area of 1085 square meters. The existing properties were vacant,
with only some of the facades remaining and preserved in ruins.

The proposed construction occupies the boundary of the plots, giving continuity to
the pre-existing urban front. An outdoor garden area is designed inside the new block.
The construction volume consists of a three-storey building with a recessed floor. The
structures are characterised by a heterogeneous language, dictated, on the one hand,
by the city council’s requirement to reproduce the existing facades in one of the streets
(Figures 3 and 4). On the other hand, in the new construction, the span metric, the design of
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balconies, and the architectural and plastic decorative elements foster a sense of continuity
with the environment and local identity.

Buildings 2023, 13, x FOR PEER REVIEW 9 of 37 
 

3.3. Four Residential Structures for Older People (ERPI’s Programme, Site, Context) 
3.3.1. Case Study 1: Braga, Portugal (2017—Project; 2022—Under Construction)  

This complex is in the historic centre of Braga, on a plot of land delimited by three 
streets and occupying an area of 1085 square meters. The existing properties were vacant, 
with only some of the facades remaining and preserved in ruins. 

The proposed construction occupies the boundary of the plots, giving continuity to 
the pre-existing urban front. An outdoor garden area is designed inside the new block. 
The construction volume consists of a three-storey building with a recessed floor. The 
structures are characterised by a heterogeneous language, dictated, on the one hand, by 
the city council’s requirement to reproduce the existing facades in one of the streets (Fig-
ures 3 and 4). On the other hand, in the new construction, the span metric, the design of 
balconies, and the architectural and plastic decorative elements foster a sense of continuity 
with the environment and local identity. 

 
Figure 3. Braga. Aerial view. 

 
Figure 4. Braga. General plan. 

The residential structure’s functional programme was dimensioned for a maximum 
available capacity of 80 residents, distributed across 52 bedrooms, 24 individual and 28 
double, varying from 21.5 to 34 square meters. 

The functional areas are distributed throughout the floors as follows: Level 2 Base-
ment, parking, storage, technical areas, laundry, and supply; Level 1 Basement, staff areas, 
kitchen, common area with dining areas, living rooms and activity rooms; Ground Floor, 
reception, and administrative areas; bedroom area; 1st to 3rd Floor, bedroom areas and 
support areas. 

Figure 3. Braga. Aerial view.

Buildings 2023, 13, x FOR PEER REVIEW 9 of 37 
 

3.3. Four Residential Structures for Older People (ERPI’s Programme, Site, Context) 
3.3.1. Case Study 1: Braga, Portugal (2017—Project; 2022—Under Construction)  

This complex is in the historic centre of Braga, on a plot of land delimited by three 
streets and occupying an area of 1085 square meters. The existing properties were vacant, 
with only some of the facades remaining and preserved in ruins. 

The proposed construction occupies the boundary of the plots, giving continuity to 
the pre-existing urban front. An outdoor garden area is designed inside the new block. 
The construction volume consists of a three-storey building with a recessed floor. The 
structures are characterised by a heterogeneous language, dictated, on the one hand, by 
the city council’s requirement to reproduce the existing facades in one of the streets (Fig-
ures 3 and 4). On the other hand, in the new construction, the span metric, the design of 
balconies, and the architectural and plastic decorative elements foster a sense of continuity 
with the environment and local identity. 

 
Figure 3. Braga. Aerial view. 

 
Figure 4. Braga. General plan. 

The residential structure’s functional programme was dimensioned for a maximum 
available capacity of 80 residents, distributed across 52 bedrooms, 24 individual and 28 
double, varying from 21.5 to 34 square meters. 

The functional areas are distributed throughout the floors as follows: Level 2 Base-
ment, parking, storage, technical areas, laundry, and supply; Level 1 Basement, staff areas, 
kitchen, common area with dining areas, living rooms and activity rooms; Ground Floor, 
reception, and administrative areas; bedroom area; 1st to 3rd Floor, bedroom areas and 
support areas. 

Figure 4. Braga. General plan.

The residential structure’s functional programme was dimensioned for a maximum
available capacity of 80 residents, distributed across 52 bedrooms, 24 individual and
28 double, varying from 21.5 to 34 square meters.

The functional areas are distributed throughout the floors as follows: Level 2 Basement,
parking, storage, technical areas, laundry, and supply; Level 1 Basement, staff areas, kitchen,
common area with dining areas, living rooms and activity rooms; Ground Floor, reception,
and administrative areas; bedroom area; 1st to 3rd Floor, bedroom areas and support areas.

3.3.2. Case Study 2: Vila Nova de Gaia, Portugal (2017—Project; 2022—Under
Construction)

This building complex is in Vila Nova de Gaia, close to the marina, an urban area in
transformation. The plot has a total area of 4969 square meters, with a regular shape and a
steep slope facing north. On the eastern side of the surroundings, there is a predominance
of single-family dwellings with 2–3 floors. In contrast, the western side accommodates
extensive green areas that frame the “Palacete de São Paio”, a small-scale historical building
with patrimonial heritage value.
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The complex is built into the hillside through two buildings with the same volume
(ground floor + 4 floors), connected to a partially underground construction. These build-
ings offer privileged views over the riverfront and seafront. According to the authors of the
architectural project, the dimensions and height of “Palacete de São Paio” were taken as
reference measures for the location and volume of the proposed buildings (Figures 5 and 6).
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Figure 6. Vila Nova de Gaia. General plan.

The structure is designed for 120 residents in 120 individual rooms, organised into
three functional areas (two in the south building and one in the north building).

Between the two main buildings and the connecting area, the programme is distributed
as follows: Level 2 Basement, parking, storage, and technical areas; Level 1 Basement, car
access, covered outdoor area; Entrance Floor with connection to the upper reception,
common areas, swimming pool and gym with access to outdoor areas, services; Ground
Floor: reception area, administrative areas, cafeteria, living and activity zones, services,
kitchen; 1st to 5th Floors: bedroom areas and associated services [63].

3.3.3. Case Study 3: Coimbra, Portugal (2017—Project; 2022—Under Construction)

This project stems from the rehabilitation and expansion of the “Fábrica Ideal”, a for-
mer industrial building, now designed as a residential structure for 120 residents (100 rooms,
80 single and 20 double). This complex occupies a total area of 5000 square meters, located
on the riverfront. The site is noteworthy for the urban sprawl along the river and the railway,
which is currently being transformed by the implementation of hotel industry buildings.
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The old “Fábrica Ideal” building was damaged by a fire in 2011 and only the facades
remained intact. The project addresses the intention of the City Council and includes
rehabilitating the exterior envelope and the reconstruction of the roofs (volume A), as well
as constructing a new building (volume B), thus assuring the project’s viability. Its volume
(ground floor + 3) and configuration allow for transitioning scales to the existing north
hotel (Figures 7 and 8).
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Figure 8. Coimbra. General plan.

The former building’s refurbishment consists of common areas on the ground floor,
service areas in the basement, and rooms on the upper floors. The new facility mainly
organises a large set of rooms. Both buildings are connected, and their configuration creates
a courtyard garden for the residents.

3.3.4. Case Study 4: Porto, Portugal (Project 2020)

This project is located in D. Pedro V Street, Porto, an important axis that connects the
riverside to the upper part of the city. The chosen plot has good solar exposure (south
and east) and the possibility of visual perspectives of the river. The surroundings contrast
large-scale buildings along the main street with the rural areas and small-scale facilities
facing east (Figure 9).
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Figure 9. Porto. Model.

The building is designed as a single slab with six storeys and an organic shape on
the first floor. This floor, which differs from the others, is characterised by the volumes
protruding to the east. This volumetry was defined in view of the urban, visual and scale
relations to be established by the new building with the existing and projected neighbouring
constructions. It also considered the “large scale” of D. Pedro V Street and the small scale
of the valley to the east (Figure 10).
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Figure 10. Porto. General plan.

The building’s exterior envelope will be coated in ceramic material and face brick in
reference to the area’s industrial heritage and in dialogue with other nearby constructions.
The brick colour will also help to “merge” the building into the valley-amidst the woodland,
the granite walls, the rocky outcrops, and the ceramic colour of the existing roofs.

This structure will have a maximum capacity of 120 residents, corresponding to three
functional units. The residents will be accommodated in 106 rooms, 92 single rooms
and 14 double rooms-room areas may vary from a minimum of 18.5 to a maximum of
28 square meters.

The First Floor houses the main entrance, reception, management and administrative
areas, technical management, technical and meeting rooms, residents’ common areas,
including living and activity rooms and dining room, gymnasium, and hairdresser. The
living and activity rooms were dimensioned to serve Functional Units 2 and 3.
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Floor 2 (Functional Unit 1) holds accommodation facilities for 20 residents distributed
across 20 individual rooms, dining room, living/activity room, services, and nursing support.

Floors 3 and 4 (Functional Unit 2) distribute accommodation for 48 residents across
42 rooms (36 single and six double). A living room also complements each floor with a
pantry, geriatric bath areas and nursing support. This unit’s living/activity and dining
rooms are on the ground floor.

Floors 5 and 6 (Functional Unit 3) hold accommodation for 52 residents distributed
across 44 rooms (36 single and eight double) and associated services. This unit’s liv-
ing/activity and dining rooms are located on the first floor.

4. From Regulation to Comprehensive Design Practices in Energy Efficiency
4.1. Energy Efficiency and Thermal Performance, Regulation, and Certification Criteria

In recent decades, awareness of climate change and the need to revise urban planning
policies has increased noticeably. Nevertheless, historically, according to Mauree et al. [1]
(p. 2) in 2018, “contemporary cities were not designed with climate change in mind. Urban
geometries, surfaces, building forms, and envelopes (wall, roof, floor, physical characteris-
tics such as insulation, glazing ratio, etc.) were designed according to organisational and
aesthetic ideals rather than adapting to climatic changes, which is only becoming an issue
nowadays”. Or, more precisely, at least in the last three decades, when climate change
became a significant topic.

In this situation, in order to adapt cities to this issue, a logical type of intervention
would involve alterations to the building envelope [1] (p. 2). Therefore, adaptation is
a vital strategy for outdoor and indoor thermal comfort when cities encounter global
warming and new legal requirements for energy consumption. In this regard, according to
Ascione et al. [64] (p. 10831), several parameters characterise “the thermo-physical perfor-
mance of the building shell, such as the thermal transmittance, the thermal capacity, the
behaviour of the transparent envelope, and the radiative properties of external coatings”.

In Portugal, the Buildings Energy Certification System (SCE) was implemented through
the publication of Decree-Law 78/2006 of 4 April [65], following directive 2002/91/EC of the
European Parliament and the Council of 16 December 2002 on the energy performance of
buildings. The Portuguese regulation states that all existing, new, or refurbished residential,
commercial, or office buildings must have an Energy Certificate. According to Vaquero [66],
from its initial implementation to the present day, the regulation has undergone several
changes, impacting the leading indicators of buildings’ energy efficiency and calculation
methodologies.

The SCE was approved by law in 2013 (Decree-Law 118/2013 of 20 August [67]), along
with the Regulation on Energy Performance of Residential Buildings (REH) and the Regu-
lation on Energy Performance of Buildings for Commerce and Services (RECS) regarding
all properties, whether for sale or lease, new or old. The SCE was recently updated by
Decree-Law 101-D/2020 of 7 December [68]. In 2020, the Energy class of the commercial
and services building stock was highly diverse, of which the most representative classes
were B- and C (Figure 11).

The Portuguese Agency for Energy (ADENE) is responsible for publishing the Energy
Certificate. It attests a property’s energy efficiency through a system staggered from A–F,
which distinguishes the more efficient properties from the others. It includes information
regarding energy consumption characteristics related to air conditioning and sanitary hot
water and indicates measures to reduce energy consumption. Some actions may involve,
for example, installing double glazing or reinforcing insulation. This certificate is valid for
ten years for residential buildings and small-scale commercial and service buildings and
eight years for larger commercial and service facilities.
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Several factors determine the energy rating of a building, including: the construction
year; location of the property; type of dwelling; areas; environment characteristics, i.e.,
walls, roofs, and floors; air conditioning equipment: ventilation, cooling, and heating; and
equipment associated with the production of sanitary hot water.

The certificate displays:

• Performance indicators (that determine the energy class of the building and the effi-
ciency in energy use, including the contribution of renewable energy sources. They
are presented against a reference value and calculated under standard conditions

• Energy class (from A to F)
• Renewable energy sources
• Contribution of renewable energy to the energy consumption of the building
• Estimated CO2 emissions due to energy consumption
• Thermal behaviour of the building elements (walls, roof, floor, windows)
• Heat losses and gains of the building
• Proposals for improvement measures

An analysis of the certificates currently being issued points to a lack of consideration of
several fundamental factors in the design of a quality architectural project and which have
an impact on the energy performance of the building. These principles or fundamentals
are anchored on a particular idea of architecture, which guides the project design and
integrates the engineering projects (thermal, acoustics and remaining infrastructures), not
as an addition but as part of a comprehensive strategy.

The four residential structures for the elderly under study fully comply with the
Portuguese regulatory framework regarding the Buildings Energy Certification System
(SCE) and the Regulation on Energy Performance of Buildings for Commerce and Services
(RECS), Decree-Law 101-D/2020 of 7 December [68], as they are supported by specific
projects for specialties such as thermal behaviour and Energy Efficiency. The construction
solutions, technical options, and selected equipment are specified in these projects and can
be summarized in the following descriptions.

The opaque building envelope is well insulated in the four case studies. In Vila Nova
de Gaia, Braga, and Coimbra (2017 projects), for the air conditioning of the bedrooms, of-
fices, and living/activity rooms, direct expansion, and heat pump-type variable refrigerant
flow (VRV) systems will be installed. The dining room and kitchen will be air-conditioned
using air handling units (AHU), with direct expansion batteries fed with refrigerant by a
two-pipe system connected to the respective outdoor unit. Ventilation will be carried out
mechanically through air handling units with heat recovery (except for the kitchen) and
by fans for air supply and extraction. For domestic hot water production (DHW), a solar
thermal system will be installed consisting of solar collectors supported by wall-mounted
natural gas condensing boilers. The lighting system is highly efficient, with luminaires
equipped with LED lamps.
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According to the Buildings Energy Certification System (SCE), these three projects
have been certified with energy class B, B- representing the minimum for new buildings,
(the case of Vila Nova de Gaia buildings) and C, for refurbishments with significant
intervention (Coimbra and Braga examples). The contribution of renewable energy to the
energy consumption of the buildings is calculated to be 9% in the Braga project, 11% in the
Vila Nova de Gaia project, and 26% in the Coimbra project.

It should be noted that unlike the above-mentioned projects, the more recent project
in Porto (2020 project) obtained an A rating due to the use of a solar photovoltaic system,
which increases the use of renewable energy systems in the energy supply to 28%. From
the point of view of energy efficiency, this building was considered exemplary in the
certification process, with no improvements being proposed (Figure 12).
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None of the four projects were certified by green building rating systems, designed to
assess the performance of buildings from the point of view of environmental sustainability.
Although these standards and certification systems are acknowledged and currently being
implemented in Portugal, according to the architectural authors, the promoters did not
express an interest in acquiring certification beyond mandatory energy efficiency since
there is a latent view that the applied standards are rigid and potentially subversive.
Nevertheless, it should be noted that in recent decades, evolving concepts and certification
standards have progressively shifted from building sustainability features to guidelines
prioritizing the health and well-being of the buildings’ occupants. Standards such as the
WELL certification [69] consider factors such as Thermal comfort, but extend the scope to
Air, Water, Light, Nourishment, Movement, Sound, Materials, Mind and Community. This
approach could be helpful in settings where occupants may have unique needs related to
ageing or health [70].
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4.2. Seven Principles for Good Design Practices beyond Regulation and Energy Efficiency
Certification

Xu et al. [71] (p. 2) show that the impact factors of the building energy performance
gap can be grouped into three categories: design stage-factors; construction stage-factors;
and operation stage-factors. Regarding design stage-factors, an integrated design strategy
must consider both the aesthetic and technical aspects of architecture to create a sustainable
built environment with essential links to local and climate conditions. Authors such as
Corvacho et al. [3] (p. 18) underline that in environmentally responsive architecture, the
reduction of a building’s energy needs can be pursued through an adequate combination
of four key factors: (i) urban integration; (ii) design strategies; (iii) building technologies;
and (iv) energy efficiency of all the systems and equipment used in the building.

Given the design approach of the architecture team of the residential structures under
study, along with a broader understanding of the contemporary challenges facing LCT
facilities, the first two mentioned key factors were the main focus of this study, namely
urban integration and design strategies, as they are strictly connected to the disciplinary
scope of Architecture. The architects’ perspective in regard to the four case studies brought
to light and highlighted seven distinguishable principles to address the issue of energy
efficiency. These principles are as follows:

1. the adaptive reuse of raw materials
2. taking advantage of the site’s conditions
3. vegetation (type and location, thermal perception, etc.)
4. construction options and durability
5. solar exposure and shading (double shading, natural ventilation and warming, etc.)
6. the pedagogy of building use
7. the comfort and thermal perception

Coping with the energy consumption and global warming crisis through long-term
sustainability calls for a broader range of considerations to support bioclimatic design
strategies. These principles are geared towards laying out an energy-efficient design and
use from a pre-existing built environment to user intervention.

By adding the dimension of architectural quality (good architecture, i.e., Durable,
Useful, Beautiful, in the sense of Vitruvius, but also suitable, sustainable, and inclusive)
to the discussion, direct connections will be established between these seven principles
and the four case studies selected as paradigmatic materialisations. All the case studies
incorporate these principles to some degree. In this study, the choice was made to highlight
a pair of projects where each topic is more expressive.

4.2.1. The Adaptive Reuse of Raw Materials

The imperative selective use of materials in sustainable design covers two areas of
importance. Primarily, it is closely related to the significance of the building envelope.
Mauree et al. [1] (p. 2) emphasise that “The envelope characteristics directly affect the
heating and cooling loads generated to ensure indoor comfort”, and consequently, thermal
comfort conditions. In addition, the authors argue that “the envelopes constitute an
essential element in an urban site, transforming the microclimate, which in turn has a
substantial impact on building energy demand and outdoor and indoor comfort”.

Secondly, Tiwari [72] (p. 1128) argues that building materials, from procurement,
manufacturing, process, and recycling to transporting and on-site assembly, often constitute
approximately 70% of construction costs in developing countries. Therefore, a sustainable
approach to ensure suitable materials and construction techniques should be based on
incorporating the effects of the thermal properties of the materials and embodied energy of
the built environment into the construction process.

De Abreu [73] (p. 32) states that architectural sustainability focuses on three main
aspects. The first is related to decreasing the waste of energy, both in the building and
dwelling processes, the second is to limit the use of hazardous building materials and
increase their recyclability, and the third is to promote the use of environmentally friendly
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materials and building processes. In terms of waste per year, in Europe, building con-
struction produces around 820 million tons of construction and demolition waste, which,
according to Eurostat [74] (p. 166), is around 46% of the total amount of total waste gen-
erated. Kamaruzzaman [75] (p. 1) underlines that this issue also leads to the use of huge
amounts of raw material and to substantial environmental damage. Accordingly, the
adaptive reuse of raw materials is a sustainable strategy to optimise energy consumption.

To maintain continuity of the urban elevation in the historic centre of Braga, where the
intervention area of the project is characterised by surroundings of buildings with diverse
centuries of construction, the adaptive reuse of materials provides two-fold benefits to both
aesthetic and sustainable energy use purposes.

According to a study by Graf & Marino [76] (p. 35) “by putting different measures
in place, the conservation of existing envelopes can be assured in compliance with energy
standards”. In the project in Braga, the optimal justified demolition of the exterior enve-
lope of the existing buildings is quite evident. Some of the pre-existing elements with
architectural value, such as the blue-tiled facade, despite its state of degradation, were still
qualified to be reused. Later on in the construction phase, these tiles were removed and
reused on the new building’s facade. In addition to the tiles, massive granite curbs were
reinstated from the existing granite gaps on the facades of São Vicente Street. This option
made it possible to reduce the building’s waste and to reintegrate some of the facade’s
existing coatings with identity value (Figures 13–16).
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Bullen & Love [77] (p. 33) describe adaptive reuse as “a process that changes a disused
or ineffective item into a new item that can be used for a different purpose and adapting
this process for buildings can contribute to sustainability and climate change by reducing
CO2 emissions . . . Increasing the life of a building through reuse can lower material,
transport, and energy consumption and pollution and thus significantly contribute to
sustainability”. The adaptive reuse of materials makes profit by generating less waste,
using fewer materials, consuming less energy in shipping and excavating, and using less
energy than demolition and rebuilding. In the case of construction considered as urban
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renewal, the adaptive reuse of some building components such as facades also enhances
the sense of continuity of the place and social sustainability.
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In Coimbra, the site of the project is an old factory (Figure 17). The option was taken
to maintain the main facades of the existing building to contribute to the continuity of the
identity of the place (the industrial memory) and to a substantial reduction in waste from
demolitions. The energy performance of these surfaces was improved by replacing the
damaged parts, installing efficient windows and insulation, and reducing the impact of the
thermal bridges. Additionally, to achieve a progressive reduction in Operating Energy and
to consider the share of the Embodied Energy in the overall effective energy balance, the
project takes advantage of the raw materials to minimise the amount of excavation required
to implement the new architectural structures.
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4.2.2. Taking Advantage of the Site’s Conditions

The contribution of the site’s conditions to the sustainable performance of a building
and urban context is a critical element in achieving a passive design strategy. As explained
by Altman [78] (p. 210), “Passive design is about taking advantage of natural energy
flows to maintain thermal comfort”. The author [78] (p. 209) also mentions that it is about
using an appropriate strategy that can be employed in buildings in all types of climates
worldwide, considering issues such as orientation, ventilation, shading devices, thermal
mass, insulation, and daylighting.

In stages as early as site building implantation, the condition of the site can be analysed
considering the following:

• climate condition: solar access and shading, wind direction
• topography and vegetation: elevation, slope gradient
• pre-existing and neighbouring buildings

Passive design is a significant part of environmental design and approaches utilising
several techniques. The assumption of the effects of these factors leads to an optimistic
passive design which determines building orientation, fenestration location, and size,
and shaded or solar-accessed outdoor and indoor spaces. Additionally, the topographic
situation of the site’s conditions benefits from thermal inertia and wind repercussion.

In Vila Nova de Gaia, the project’s site is characterised by its relatively regular shape
and the steep slope towards the north. The project has taken these specific conditions of the
site into careful consideration, taking advantage of the solar exposure and the possibility
of privileged views of the riverfront. The building’s integration through its volumetric
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definition and materials is also noteworthy. The red brick used on the facades blends into
the surfaces of the neighbouring roofs in red ceramic tile (Figures 18 and 19). Additionally,
the size of the two volumes and their implantation and exterior spaces are close to the
proportions and strategy of the adjoining palace to the west.
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In keeping with the immediate surroundings, retaining walls are also used to transition
from buildings to outdoor spaces and surrounding streets. These walls/terraces/gardens
are, in this case, mainly occupied by programmes for common use (indoor swimming pools
and mobility rooms, for example), making it possible to fragment and resize the perceived
height of the volumes (Figure 20).

Moreover, a sustainable construction strategy addresses the importance of using
building materials at a reasonable distance from the construction site to reduce energy
consumption and toxic waste from material transportation. That was the case in all four
projects, where national brands, production and assembly were considered. It should
be noted that all the projects try to use materials in their original state, without painting
finishing, with natural brick in Gaia (Figure 18), natural concrete in Coimbra (Figure 21),
natural stone in Braga, and handmade tiles in Porto. These choices will increase the
durability of the building and decrease the need for future maintenance.
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The response to the site’s conditions often determines a negotiation within the build-
ing’s planned programme, in the case of projects related to urban renewal or the pre-existing
conditions such as neighbouring buildings and valuable elements. Such was the case of the
Vila Nova de Gaia project, where the architects were able to negotiate the division of the
complex into two separate buildings instead of the desired compact volume.

However, in Porto, on a larger piece of land, the strategy adopted was one of volumet-
ric concentration in one volume. It was not only a response to the dominant implantations
in the surroundings but also a means of freeing up land, conserving the scale and correctly
framing the beautiful valley of Massarelos and the fine mesh of the Caminhos do Romântico
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in Porto. The setback of the building in relation to the street allows for a reading of the
centenary supporting wall of D. Pedro V Street (Figures 22–24).
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4.2.3. Vegetation (Type and Location, Thermal Perception)

Studies such as that of Well & Ludwig [79] show how urbanised areas have a higher
air and surface temperature than natural ones. Santamouris [80] argues that in central
areas mainly, the continuous replacement of vegetation with buildings and roads severely
affects the radiation balance. This, in turn, further influences the temperature regime of the
environment. Under these circumstances, the comfort index for those living in big cities is
quite different from those living in suburban and rural areas.

The annual average air temperatures in cities are 1 to 3 ◦C higher than in the sur-
rounding landscapes. This temperature difference is known as the urban heat island (UHI)
effect [79] (p. 192). The modified land surface (i.e., built, and paved areas) and reduced
vegetation in cities commonly cause an increase in the sensible heating of the environment,
resulting from the absorption of incident solar radiation and the retention of heat by drier,
denser surface materials.

On the one hand, using green areas in dense inner parts of cities and the systematic
installation of individual components such as green facades, green roofs and trees in the
vicinity of the building affects the building’s energy consumption due to the change in
the imposed heat load into the building envelope. These elements also affect outdoor
thermal comfort. On the other hand, physical well-being can be significantly influenced
by the general meteorological climate and the urban microclimate. Therefore, providing
comfortable outdoor space increases the frequency of outdoor activities of older adults and
effectively improves their quality of life. Outdoor thermal comfort contributes significantly
to urban liveability. Gatto & Buccolieri [81] (p. 19) believe that the cooling effects of
vegetation also depend “on the surrounding characteristics like building height and density,
location of trees within the street, or surface materials”.

Grass planting and green areas facilitate temperature maintenance in thermal comfort
zones. According to Well & Ludwig (2020), in Mediterranean regions, one should plant de-
ciduous species and evergreen species are in equal numbers to balance the different effects
on thermal comfort in summer and winter. In this regard, and according to Golasi et al. [82]
(p. 3), application of the recently proposed MOCI (Mediterranean Outdoor Comfort Index)
empirical index for the evaluation of the outdoor thermal comfort of the Mediterranean
population may be helpful. Salata et al. [83] (p. 59) define this index as a tool to predict
the average vote of a large group of people evaluating thermal comfort in an outdoor
environment. The independent variables of the MOCI are: mean radiant temperature; air
temperature; wind velocity; relative humidity; and clothing insulation.

In Coimbra, the green area plays a complementary role in assisting with the volumetric
composition of the project to meet exterior thermal comfort and avoid overheating the solid
surfaces of the central open areas in summer. This also reduces the heat load on the outer
envelope and, consequently, the energy consumption for cooling in summer (Figure 25).

The project also envisaged a lake intended not only for visual and thermal comfort
but also to increase the effective biodiversity of these spaces—creating yet another reason
for observation and connection for residents to nearby natural areas.

Kleerekoper et al. [84] describe how the evaporation from urban areas is decreased as a
result of “waterproofed surfaces”, with fewer permeable materials and less vegetation than
in rural areas. Consequently, more energy is put into sensible heat and less into latent heat.
While permeable materials (green regions) enable cooling by evaporation, hard materials
accumulate heat. Moreover, short-wave radiation is absorbed in low albedo materials [84]
(p. 133).

Thus, in the Porto project, the design considers maintaining the natural green spaces
to the extent of their suitability to the programme of the project. The location and density
of the masses and tree species provide shade, lower the temperature of the building’s
surroundings through the shadow projected onto the pavement and function as natural
“blinds” when they are positioned to shade the glass openings. These trees are also decisive
for the stabilization and fixation of the soil, especially in areas of uneven topography with
slopes and terraces, enhancing water retention in the land (Figure 26).
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Figure 26. Porto. Ground-floor plan.

In addition to these more obvious positive aspects, deciduous tree planting has an
enormous annual thermal benefit since it allows the passage of the sun in winter and
provides shade in summer. It should also be noted that the very organic matter (leaves)
of the trees and the cuts and pruning of the remaining vegetation produce organic matter
with the potential to feed the soil itself, creating an internal maintenance and feeding cycle
for these species.
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4.2.4. Construction Options and Durability

Durability, low maintenance energy requirements, environmentally friendly and re-
newable materials, and construction techniques are key factors in extending the definition of
sustainable and energy-efficient architecture. The environmental aspects of urban construc-
tion are not limited to the construction’s duration. Indeed, they extend to the building’s life.
The durability of building materials facilitates adaptation in the function of the structure
and reuse of the materials. One of the most effective means of saving energy is to preserve
and reuse existing buildings. However, until recently, the concept of embodied energy has
never gained great visibility beyond some environmental protection groups.

Regarding environmental and energy issues, it is more advantageous to preserve and
reuse existing buildings. However, as noted by Marques [85] (p. 224), this practice depends
on the materials’ durability, which may be defined as their ability to sustain a minimum
performance level under degradative conditions.

To minimise waste during construction, reducing the environmental cost of repairing
or replacing building components can be considered a requirement to build a sustainable
high-performance built environment.

In Braga, the construction options and durability were crucial aspects of the project’s
development, with the diversification of constructive facade details according to each
building’s characteristics (refurbishment or new construction, or solar exposure, for ex-
ample). This approach resulted in different thermal insulation solutions of the external
envelope (XPS, EPS or rock wool) combined with simple or double walls in concrete or
brick (Figures 27 and 28) One of the main concerns of the architectural design was the use of
standard constructive solutions, which guarantee uncomplicated local workforce execution.
Additionally, careful attention was given to the choice of materials, namely their durability
and ageing performance (brick, granite, and concrete). Therefore, a careful reading of the
circumstances and the specific local construction traditions is critical in the constructive
architectural options. The quality of the building results mainly from the balance that can
be achieved between the design and the local construction execution skills.
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Figure 28. Braga. Constructive section (new building).

In Vila Nova de Gaia, the large extension of the facades results from the implantation in
two volumes and from the several inhabited floors required to control the steep pre-existing
slope and the connection of the two constructions. The red bricks in both buildings, despite
requiring a double wall (the wet outer wall and the inner dry wall), are highly durable
and do not call for maintenance/painting. The exposed reinforced concrete used on all
the landscaped terraces and walls in contact with the ground levels is long-lasting and
maintenance-free. All the glazed areas are also in a natural colour (anodised aluminium)
without paint and on a recessed plane as far as the brick and reinforced concrete are
concerned, thus materialising the idea of an excavated mass. Inside, the project continues
these natural finishing principles: brick, tile, and wood on the walls; stone, parquet, and
linoleum on the floors (Figure 29).

These options also translate into a building with high interior thermal inertia, with
obvious advantages for the Portuguese Atlantic climate. They significantly reduce the
need for cooling in summer and allow energy accumulation, later induced in the building
in winter.
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4.2.5. Solar Exposure and Shading

Passive solar exposure strategies are effective means of decreasing the insulation and
energy demands of buildings. Appropriate shading design can significantly impact thermal
comfort during summer, blocking the direct sun while allowing for passive solar heating
during winter.

Grynning & Time [86] (pp. 183–184) underline several factors to be considered to fully
understand the performance of the glazed parts of a facade. In addition to energy use for
heating, cooling, and lighting, visual comfort must also be satisfactory to classify a system
as performing well:

• Daylight and solar heat gains—effect on cooling and heating demands;
• Daylight, visual transmission—illuminance levels and artificial light;
• Thermal transmittance of glazing units with in-between shading; and
• Daylight—glare indexes and visual comfort.

Facades with recessed areas are the aesthetic and functional skin of a building. Refer-
ring to the study by Valladares-Rendón & Schmid [87] (p. 461), the target of a self-shading
facade is to lower insulation on the opaque and glazing elements of the building during a
period where this is necessary. Decreased heat gains on the building envelope can reduce
energy demands to cool the interior during the summer.

In addition to the thermal advantages of shading these spaces, the COVID-19 pandemic
has demonstrated the need for and the enormous benefits of interconnecting outdoor and
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indoor areas. In practice, the inhabitants have privacy but can enjoy sun exposure; they can
protect themselves but also expand the perceived spaces of the rooms, they can manage to
personalize and humanize these areas with vegetation, small gardens, etc.

Double shading (with autonomous elements on the outside and inside of the glass) is
used in the four case studies (except for a part of the buildings in Coimbra and Braga, for
reasons pertaining to the heritage framework).

This two-fold strategy makes it possible to take advantage of solar incidence through-
out all the seasons of the year—enabling solar gains in winter (using solely interior shading
to create the “greenhouse effect”) or using only external shading for a thermal barrier (not
allowing solar radiation to reach the windows).

This shading solution was decisive in the Vila Nova de Gaia project. Its exceptional
location provides enjoyment of a unique setting: sea, river, historic port, city views and
natural landscape. The possibility of contemplating the horizon line through a window
or watching the movement of boats in the Afurada marina are palliatives for residents,
whatever their circumstances. In this residential structure, managing the views, sun
exposure and comfort was one of the challenges since the facades face all the solar quadrants.
Double shading was fundamental, but with variations, for example, in the facades facing
north where the external shading was suppressed.

The proximity of the four facades of each building also fosters cross ventilation and,
in outdoor spaces, the benefit of the building’s own shade offset by ephemeral shading or
afforestation. (Figures 30 and 31).
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4.2.6. Pedagogy of Building Use

The pedagogy of building use is not a new discourse in architecture. Henderson
(1996) addresses the example of the Modern Movement in the 1920s, corresponding to
the German woman’s movement that followed the World War in Frankfurt when the
development of the social ideal of the neus leben (new life) and modernised household
culture gained international recognition [88]. Architects and professionals invested in
educating housewives in the School for the Modern Housewife on how to use space
and how modern small Frankfurt kitchens should be used with maximum efficiency
and comfort.

Indeed, the pedagogy of building use lies in reaching the maximum efficiency of the
building as a sensible element. Given the importance of inhabiting a building sustainably,
an active pedagogy towards use of the building’s elements enhances the performance of the
built environment. In the case of LTC structures and architecture for ageing, the equivalence
between passive sustainable design, active user intervention, and smart controlling systems
leads to an optimal balance of indoor comfort and energy consumption. Matching an
energy-efficient design with the user’s pedagogy to take advantage of passive strategies
(to heat during wintertime and cool during the summer) improves the building’s thermal
function. The practice of adaptive use of the fenestrations to circulate the air and passive
ventilation and proper implementation of shading, so as to receive the maximum solar
heat in winter and to minimize the greenhouse effect in summer, can be described among
some of the most favoured adaptive measures by users. The usage of thermal mass to
make a shift in heat flow is also among users’ dependence strategies to provide sustainable
thermal comfort.

Applying smart systems and technology can improve users’ success in achieving
the comprehensive management of thermal comfort and energy use which contributes
to sustainable architecture, namely the possibility of remotely monitoring and operating
the entire system to establish an energy-efficient built environment. In this regard, as
mentioned by Doukas, et al. [89] (p. 3568), “intelligent building energy management can be
an innovative and useful decision support system, aiming at guarantying [sic] the desirable
levels of living quality as well as energy savings for environmental protection”.

In the case of the projects under study, employees and residents can actively take
advantage of the Atlantic climate in the four selected projects by directly managing shading,
using the outside blind in summer and just the inside in wintertime. This action will
drastically reduce heating/cooling needs and the annual energy balance. Furthermore,
the use of water, energy, laundries, kitchens, waste, and consumption can be reduced
through an active pedagogy of use; as with the scheduled maintenance of the building,
communication with users on this topic should be regular and planned.

4.2.7. Comfort and Thermal Perception

A large body of studies attests to the importance of the relationship between adap-
tive thermal comfort and the perception of occupants, as in the research conducted by
Nikolopoulou & Steemers [90], Schweiker and Wagner [91], Carlucci et al. [92], and more
recently, Liu et al. [93] who examine the effects of relevant environmental and physiological
factors, among other aspects. These factors may be independent but at the same time
interrelated in their contribution to the total cognition of thermal comfort.

The idea of an adaptive approach to thermal comfort lies in the consideration that
different actions can be taken to achieve comfort, including modifying the environment,
and the rate of body heat loss, among others. Nicol [94] (p. 105) states that this notion is
also related to the range of temperatures that people find comfortable in buildings. He adds,
“People are not the passive recipients of the thermal environment as is often suggested by
diagrams of the heat balance”.

In addition, Mishra & Ramgopal [95] (p. 94) believe that adaptive models rely on the
ability of occupants to adapt to changes in their thermal environment in such a manner as
to restore their comfort.
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The age of the occupants and the climatic region are among the factors considered
in the contribution to the issue of thermal comfort. Existing studies recognise the need to
establish thermal comfort standards for each climatic zone and different users. The survey
recently conducted by Baquero and Forcada [96] (p. 11) shows that, generally, the comfort
zone of older people is broader than that of adults in the Mediterranean climate. It is found
to be between 19.4 ◦C and 32.3 ◦C.

Since adaptive comfort is a parameter of significant individual variability, its man-
agement will always involve monitoring, knowledge, and the implementation of dynamic
models rather than parameterization/predictions based on classic calculation models,
which are traditionally designed for standard behaviour and temperature peaks. A build-
ing management policy based on adaptive comfort translates into significant reductions
in consumption, for example, treating users in a way that is tailored to their level of de-
pendence or autonomy. As is known, the needs of a dependent patient who remains in
his bed or room without physical activity throughout the day will differ from those of an
autonomous resident. As mentioned, in the four selected projects, users can individually
manage thermal comfort and discomfort by controlling direct solar incidence or using
mediation spaces with the outside, namely green sun-exposed or shaded areas.

5. Discussion: A Matter of Useful Design and Comprehensive Approaches

The reasoning behind this paper is that that good architectural design must be
grounded on dynamic models considering the reality and particularities of each specific
context. Additionally, it underlines the ideas of “adaptative comfort” and the building’s
culture of use and maintenance. The main argument is that the thermal performance of the
building should take into consideration the quality of design, which implies a complex set
of principles beyond those currently addressed in the regulations. Architects incorporate
these principles in their daily practice. In this paper, the authors sought both to theorize
them and to establish a connection with recent scientific knowledge production in the field
of energy efficiency.

1. Bridging empirical knowledge construction and multidisciplinary scientific research
integration: challenges for architectural studies

Beyond delivering results, the aim of the current study was to discuss a common chal-
lenge in the disciplinary areas of architecture when confronting practice, theory, “practice-
led research”, and scientific knowledge production, namely, how operative connections are
produced between these fields. By working, researching, discussing (and writing) closely
with architects who are deeply engaged in practice, the creation of more operative bridges
is fostered between the reality—of architectural practice, promoters’ ambitions, regulatory
frameworks and negotiations, municipalities’ agendas, etc.—and academic research. Fur-
thermore, design decision-making and operational strategies require collaboration and
communication between the multiple actors such as healthcare professionals, gerontolo-
gists, engineers, interior designers, architects, and construction professionals, to promote
occupant comfort and well-being [97,98].

In architectural practice, a project is always a response (selected from several pos-
sibilities) to resolve a particular problem. This means different responses for different
places: an integrated architectural project will always propose a unique, detailed, and
attentive solution for the reality in which it will have to operate; the significant differences
between the four analysed works are a testament to this. Also, no two authors are the
same; with the same territory, program and regulatory framework, another architect would
produce different solutions. Likewise, the programme defined for the building has an
enormous weight in the proposed solution. It can vary between co-creation processes and
pre-established definitions presented by the developer based on the target users’ profiles.

This reasoning underlines that the issue of debating the relationship between archi-
tectural research, scientific research, and architectural practice is complex, as each can be
carried out differently. For instance, the research on architectural works and the research
conducted through practice (i.e., through direct activities that take place in the practice or
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field) have different objectives and methods of approach. This has been seen over recent
decades [32], with diverging understandings since the disciplinary specificity of architec-
tural research has implications for the methodological approaches, the chosen instruments
and the validation of the results.

Böhm [99] (pp. 67–68) underlines the fact that architects’ design relies mainly upon
“tacit knowledge”, as defined by Michael Polanyi [100] in the 1960s, i.e., “personal, pre-
logical, and sensual knowledge ( . . . ) that can never be fully rationalised”, and “design
research as the field in which this knowledge is cultivated and produced”, concluding that
“the strong dependency on tacit knowledge differentiates design research in architecture
from research conducted in the sciences”. The research conducted in this paper strongly
adheres to this perspective.

2. The reality of private LTC solutions in Portugal: obstacles and innovation

As highlighted by most recent studies, the future of LTC solutions should be geared
towards smaller functional units, home-like models with integrated services, promoting
the use of outdoor areas and connections with the communities. These renovated models
are not only among the user’s preferences but are seen as ideal for healthy and active
ageing [43,44,46,49,51,56].

In Portugal, as in several European countries, the desirable innovation among pri-
vate LTC solutions must tackle the need for promoters’ investment profitability since they
are currently the main driving force in the area. Additionally, the constraints of strict
regulations regarding the functional organization of these residential structures may act
as an obstacle to the experimentation of innovative solutions. For instance, the specific
regulatory framework applicable to LTC architecture in Portugal does not extend to engi-
neering projects. One example is that, in the case of the Fire Safety project, these residential
structures must be classified as “Hospitals”, which translates into a considerable increase
in requirements: equipment, fire compartments, exits, etc. This disproportionate level of
security leads to a greater intrusiveness of solutions, less flexibility, and higher costs, and,
in rehabilitating existing buildings. A greater likelihood of discarding heritage values and
demolishing existing matter.

Against this backdrop, the architect’s role as a mediation and negotiation agent must
be foregrounded, promoting transfers and counterparts with promoters and licensing
entities, and introducing progressive changes in established market-driven paradigms.

In the aftermath of the COVID-19 pandemic, scientific knowledge points to optimal,
desirable solutions and the need for innovative models. In the private promotion field, the
connection with reality (and the specific features of the selected case studies)—from the
site to the stakeholders involved in each operation—shows that in the urban context, some
degree of innovation is noticeable, although undermined by (regulatory and economic)
constraints:

• the coexistence of residents in different states of health and support dependency: in
the four LTC residential structures, there are rooms designed for entirely dependent
residents (with continuous care), rooms for residents who need intermittent support
and rooms/floors designed for fully autonomous and independent residents who use
the ERPI as accommodation or in a hotel regime.

• the coexistence of these different states of autonomy and the design of the services
involved in this diversified support makes it possible for the environment among the
residents to be diverse and to function as a vital stimulus.

• the buildings’ potential to adapt to demand, circumstance, and local culture.
• the choice of central locations, close to services, shopping facilities, and leisure areas.

The extraordinary location of the four case studies also allows independent residents
or those with less severe limitations to enjoy the urban and natural surroundings adjacent
to the boundaries of the four ERPI:
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• The Mondego and downtown area in Coimbra;
• The fishing centre of Afurada and the natural park of the Douro estuary of Vila Nova

de Gaia;
• The Massarelos valley and the Porto riverside;
• The historic centre of Braga.

6. Conclusions: Energy Efficiency Approaches beyond Quantitative Aspects:
Genius Loci, Architectural Theory and Practice, Negotiation, and Resilient Modes
of Inhabitation

In architectural practice, energy efficiency is often seen as a technical issue that must
be solved by thermal specialists during the project’s licensing process, attending to specific
regulations and mandatory certification. A holistic and historical approach to the subject
reveals that energy efficiency primarily takes advantage of the site’s condition and considers
an integrated view of the design and construction process.

Some reflections may emerge from this study regarding energy efficiency approaches
in the Portuguese context:

• regulations and certification systems have an excessively specialized and compart-
mentalized character, making it challenging to articulate other requirements and
mandatory regulatory frameworks (programmes, infrastructures, fire safety, etc.);

• energy ratings based on the current certification system rely excessively on equipment
incorporation rather than passive, architecturally integrated solutions;

• the conventional calculation models that respond to these requirements do not allow
for an adaptive approach to needs, i.e., in the same project, they do not consider the
coexistence of different solutions/systems, with varying performances, for the same
architectural element (for example, the use of double shading). It was not possible
to implement adaptive approaches in the four case studies under analysis due to
regulative constraints; and

• control of the implemented constructive and infrastructure solutions (thermal mon-
itoring, ventilation, and adaptive comfort) could help bring abstract models closer
to the reality of operating buildings and thus reduce the critical distances between
design and reality.

In conclusion, this paper makes the balancing and decision process more explicit or
visible for a set of works where architectural, environmental and attention/comfort qualities
for residents are acknowledged. The outcome of this analysis exercise is information and not
a prescription. Projects considered good practices, i.e., good architecture, are contextualised
and interpreted in the context of ageing but without the intention of creating checklists or
reproducible models, as made visible by the differences in the case studies.

7. Perspectives for the Future

The adopted methodological research process, grounded in reality on the one hand,
and seeking multidisciplinary scientific integration on the other, has served to shed further
light upon the challenges and obstacles to innovation regarding environmental balance
and generational inclusion. The complexity of managing information from various sources
is inherent to architectural practice, and its quality also stems from the balance of this
management.

The article points to future perspectives that target the four case studies as well as the
design of future buildings or the conditions of existing ones:

• the development of dynamic models better suited to residential structures for older
people is needed. Qualitative, variable, and adaptive data must be weighted with equal
relevance against traditional comfort performance parameters in decision-making in
these more complex models;

• the promotion and adoption of multidisciplinary Post-Occupancy Evaluations related
to inhabitants, health indicators, outdoor conditions, and use of systems is neces-
sary to evaluate and validate design solutions based on integrated strategies beyond
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mandatory regulation (or certification requirements). Building performance moni-
toring should include indoor environment studies and energy consumption through
onsite measurements; human-building interactions and environmental perceptions
analysis foster essential user feedback on the design options;

• a balance must be established between architectural responses, attention to the local
reality, ageing inhabiting models and users’ preferences and needs. This implies a
harmonious intersection in the future between material and immaterial reality (with
norms and regulatory constraints, users’ health, well-being, needs and preferences, so-
cietal and construction challenges), not necessarily within the scope of green building
certifications.

Additionally, architectural design, environmental balance, and generational inclusion,
the three pillars that guide the main argument of this paper, and the underlying discussion,
could be a direct response to the three thematic concerns of the New European Bauhaus:
“beautiful, sustainable, together” [101].
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