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ABSTRACT

This study explores climate-responsive design in domestic architecture, focusing on the application and effectiveness of
passive strategies across various climatic regions, including the UK, hot-arid, tropical, and cold climates. A qualitative
comparative case study method was used to explore different passive design strategies, integration of sustainability,
procurement, the coordination of stakeholders, and compliance with regulations in residential architectural projects
under varying climate conditions. Drawing from a combination of historical case studies and original architectural
projects, the research evaluates how spatial configuration, material selection, solar orientation, shading, ventilation,
and insulation are optimized to achieve thermal comfort and energy efficiency. In temperate maritime climates like the
UK, strategies emphasize airtight construction, high-performance insulation, and mechanical ventilation, in compliance
with regulatory frameworks such as the UK Building Regulations Part L and the Future Homes Standard. By contrast,
international case studies demonstrate context-sensitive approaches such as wind towers, open courtyards, elevated
structures, and thermal massing tailored to local conditions. Through comparative analysis, the research highlights
how regulatory constraints, climatic variables, and traditional design practices shape passive architecture. The findings
reinforce that passive design enhances energy efficiency and occupant comfort and supports long-term climate resilience.
This study contributes to the discourse on sustainable architecture by offering adaptable, regulation-aware passive design
models that can be implemented globally, especially in domestic settings aiming to reduce operational carbon emissions
while enhancing indoor environmental quality.

Keywords: Climate-adaptive design, Sustainable construction, Passive design strategies, Thermal comfort, Vernacular
architecture, Energy efficiency in buildings, Climate-responsive architecture

1. Introduction

The increasing urgency of environmental sustain-
ability has placed climate-responsive design at the
forefront of contemporary architectural discourse
[1]. As concerns about climate change [2], energy
consumption [3], and resource depletion intensify
[4], the built environment must evolve to address
these challenges. This method relies heavily on pas-
sive design strategies, which utilize the inherent
properties of materials, spatial planning, and environ-
mental forces to minimize energy consumption [5].

Unlike conventional buildings that depend on artifi-
cial heating, cooling, and lighting systems, climate-
responsive structures harness natural resources to
maintain thermal comfort and functionality [6].
Climate-responsive design extends beyond envi-
ronmental benefits, improving economic and social
sustainability [7]. The RIBA Climate Guide high-
lights architects’ role in integrating ecological con-
siderations into design, ensuring energy-efficient,
low-maintenance homes that enhance occupant well-
being [8, 9]. Integration of these climate-responsive
strategies also fits within the global sustainability
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goals of reducing greenhouse gas emissions and pro-
moting eco-friendly urban development [10]. With
climate change increasing that delivers extreme
weather patterns frequently, designing structures
resilient to changing temperatures and unusual en-
vironmental problems has become a critical aspect
[11].

It goes without saying that architects are key
players involved in implementing and developing
climate-responsive solutions. They are not merely
involved in selecting aesthetic and structural con-
siderations but also in choosing materials, spatial
organization, and building techniques that optimize
energy performance [12]. A thorough knowledge of
climate, sun path, wind patterns, and building ma-
terials’ thermal properties is needed to achieve this
[13, 14]. Early integration of passive design princi-
ples into the planning process greatly boosts energy
efficiency and sustainability of domestic architecture
[15, 16]. In order to maintain a high quality of life, it
is important to provide a comfortable thermal envi-
ronment in a residential location where the occupants
spend much time. Also, environmentally conscious
construction methods can divert natural resources
from depletion and waste from being created, thus
increasing the sustainable built environment [17].

Architectural strategies based on passive concepts
are more important in domestic architecture be-
cause occupants directly sense the environmental
conditions [18]. Values from traditional building
practices worldwide have much to give to climate-
responsive architecture [19]. Passive design elements
were found in indigenous and vernacular architecture
that were typically refined over centuries to suit the
local climatic conditions [20]. These solutions lay the
foundation for modern climate-responsive architec-
ture, from the wind towers of Eastern homes to the
thick walls of traditional dwellings in hot and arid
regions. From such precedents, contemporary archi-
tects can learn and incorporate both traditional and
innovative ways of designing residential buildings so
that they live well and simultaneously maximize the
energy efficiency of buildings [12, 21, 22].

Due to increasing pressure of global warming, it
is important to combine sustainable architectural
practices to achieve an efficient and resilient built
environment. Climate-responsive design is not only
a method of environmental impact reduction but
also a way toward strong, long-term, cost-effective,
and functional architecture in residential spaces [23].
Previous studies defined passive strategies, but they
were general or did not include these case studies for
the UK-based architecture, particularly [23, 24]. This
current study fulfilled the existing gap and passive

strategies offered to architects, the way forward to
embrace greenhouse design according to the pass-
ing nature and harmoniously meet the contemporary
necessities of the socioeconomy. With the recent
developments in the field of traditional knowledge
embracing the current trends in technological inno-
vations, the field of climate-responsive design opens
up an opportunity to alter the image of domestic
architecture in the future, not only in ensuring energy
efficiency but also in designing comfortable, adapt-
able and characterful homes that fit well into the
natural environment [25].

This study demonstrated the practical applications
and benefits of climate-responsive design and how
analysis of successful thermal massing, solar orien-
tation, shading and ventilation can be used. Through
a comparative investigation of several projects across
numerous locations, new solutions will be developed
that pertain to distinct climatic contexts and pas-
sive architectural responses, which may be adapted
to different environmental conditions. An example
of how climate change adaptation strategies chosen
by different regions tailored to their distinctive cli-
matic challenges are applied in current architectural
projects, as well as how these strategies were adapted
to local climatic conditions, is also presented in the
other case studies. This study seeks to furnish a uni-
fied idea about passive design strategies as a way of
climate-responsive design by exploring the subject’s
theoretical and pragmatic aspects.

This study aimed to explore the possibilities of
climate-responsive architecture through comparing
examples from UK residential projects and interna-
tional projects based in hot-arid, tropical, and cold
climates. Through the inclusion of international case
studies, it is possible to understand more about
how passive architectural design techniques can be
adapted within a variety of climatic environments.

1.1. Climate context and architectural response

Architectural design responsive to climatic condi-
tions should achieve comfort, energy efficiency, and
sustainability [26]. There are differences between cli-
mates, and each poses problems and needs the design
adaptation to achieve the optimum indoor comfort,
at least with minimum use of the mechanicals.

Furthermore, the increasing frequency of extreme
weather events, such as heatwaves in the UK and
severe winter conditions in colder regions, makes
climate-responsive design a key strategy for enhanc-
ing resilience [27, 28]. In regard to this, passive
strategies have a major role to play in climate re-
silience, serving to help buildings adapt to warming
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Fig. 1. 3D design of a Roof Remodel.

temperatures, extreme weather events and changing
conditions of the environment. Architects can design
a structure to withstand long term climatic changes
with thermal comfort and functionality by incorpo-
rating principles of urban resilience such as energy
demand reduction and overheating risk mitigation
[29]. By applying these passive cooling techniques,
Optimum shading, Cross ventilation, Thermal mass,
etc., the sustainable solution is to mitigate overheat-
ing risks in domestic buildings. In addition, climate
resilience in the built environment must occur with
little change in the physical infrastructures and re-
quires the retrofitting of existing housing stock along
with passive strategies to reduce energy demand in
the existing stock without drastic changes, as shown
in Fig. 1.

Conditions in hot, arid climates necessitate mit-
igation strategies for extreme heat, ventilation en-
hancement, and thermal buffering [30]. However,
in tropical climates, solutions are needed to over-
come humidity issues and promote airflow, whereas,
in cold climates, attention is needed to insulation
and heat retention [31]. Through a careful selection
of materials, spatial configuration, and passive tech-

niques [32], architects can create climate-responsive
buildings that enhance both functionality and ef-
ficiency [6, 29]. Additionally, the retrofitting of
existing buildings presents an opportunity to inte-
grate passive strategies into older housing stock,
particularly in the UK, where a significant portion
of the built environment predates modern sustain-
ability standards [22]. By improving insulation,
incorporating shading devices, and enhancing natural
ventilation, older homes can be adapted to contempo-
rary energy efficiency requirements while reducing
their environmental impact [31, 33]. The second sec-
tion examines case studies and personal architectural
projects that espouse passive strategies appropriate
for their particular climate.

1.2. Hot & arid climates

Hot and arid climates experience high solar ra-
diation, minimal precipitation, and extreme diur-
nal temperature variations, requiring passive design
strategies that prioritize thermal mass, natural ven-
tilation, and shading [34]. Buildings in these regions
use thick walls with high thermal mass such as adobe,
rammed earth, or concrete to absorb heat during the
day and release it at night, regulating indoor temper-
atures naturally [35, 36]. Deep overhangs, narrow
openings, and courtyard designs reduce direct solar
exposure while promoting cross-ventilation to en-
hance comfort [37].

A well-known example of desert modernism is the
Kaufmann House in Palm Springs, USA and shows
how architecture can be adopted to such extreme
climatic conditions. The deep overhangs protect the
interiors from harsh sunlight and offer a controlled
daylight penetration. Natural ventilation from pas-
sive cooling is promoted through an open courtyard
layout. The thermal buffer of the material palette is
made of concrete, glass, and steel to gain excessive
heat during the day but radiate stored warmth at
night. Strategic cross ventilation, as well as shading
devices, contribute to the thermal control both inside
the house and with the arid environment, and show
a good response.

In Egypt, the Akil Sami House is a modern exhi-
bition of traditional mud brick construction with an
excellent thermal mass that regulates indoor temper-
atures. The walls on the day that absorb and store
the heat which keeps the interior cool and the heat is
released gradually at night when the external tem-
peratures fall. Wind towers are also found on the
house: historic passive ventilation method which al-
lows cool air in and removes warm air improving the
house’s ventilation and comfort. However, although
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Fig. 2. Design enhances thermal comfort and supports low-temperature heating systems, aligning with energy efficiency standards required

by the UK Building Regulations and the Future Homes Standard.

wind towers have evolved from these ancient forms,
they are still a highly effective and sustainable cool-
ing option in modern eco homes in arid climates.

Deep overhangs, high thermal mass and cross ven-
tilation are used in the Kaufmann House and Akil
Sami House to create thermal comfort under extreme
heat. However, Bathgate Road combines cavity wall
construction with PIR insulation, and this is to min-
imize heat transfer. RT160 Levan Linear and RT153
Mid Grey Linear bricks are used for durability and
moisture resistance. The project adheres to BS 8000-3
standards of weather resilience and longevity. In arid
climates, buildings attempt to achieve ventilation and
heat absorption delay; and in temperate climates, air
tightness and moisture control is promoted as a form
of heat loss prevention.

This serves to demonstrate how passive design
strategies can avoid extremity of climate in hot, arid
environment through material, orientation and ven-
tilation strategies to achieve energy efficiency and
thermal comfort.

1.3. Temperate maritime climate: The UK context

In the UK, as in temperate maritime climates
around the world, buildings have to balance heat
retention in winter with overheating prevention in
summer, as shown in Fig. 2 of the design, enhances
thermal comfort and supports low-temperature heat-
ing systems. However, temperate strategies are differ-
ent from hot arid environments where thermal mass
and natural ventilation are key, with very high insula-
tion, very airtightness and controlled solar gain [38,
39]. Two projects that exemplify climate-responsive

architecture in the UK are Bathgate Road and 41
Seymour Road, both integrating passive strategies,
sustainable materials, and renewable technologies to
enhance energy efficiency while complying with UK
regulations.

The Bathgate Road project in London incorporates
100mm PIR cavity wall insulation with a thermal
conductivity of 0.022 W/m-K to minimize heat loss.
Expanded polystyrene (EPS) insulation in cavity walls
further enhances thermal efficiency.

Insulated glazing with a U-value of 1.6 W/m?K
reduces heat loss in winter and prevents overheating
in summer. Airtight membranes and vapor control
layers minimize uncontrolled heat loss while meet-
ing Future Homes Standard targets. Ventilated cavity
walls and controlled shading optimize indoor comfort
across seasonal variations. The rainwater drainage
systems prevent waterlogging and address increased
precipitation due to climate change. Durable clay fac-
ing bricks, such as RT160 Levan Linear and RT153
Mid Grey Linear, with low water absorption of 12%
and high compressive strength of 45 N/mm?, ensure
moisture control and longevity.

The project 41 Seymour Road, in the UK, incorpo-
rates several strategies with climate responsiveness
and energy-efficiency, all in line with the UK sus-
tainability regulations. External shading devices help
keep heat out in summer and maximize the heat gain
in the winter, thanks to the south facing glazing.
The use of high performance insulation and airtight
detailing further enhances the thermal efficiency as
required by Part L of the UK Building Regulations.
Conforming to sustainable design targets and the UK
Future Homes Standard, PV panels have been fitted
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DESIGN VARIATIONS

Fig. 3. External fagade of Bathgate Road showing durable clay brickwork and PIR-insulated cavity construction. The robust envelope

enhances moisture resistance and thermal performance.

as part of the Wimbledon loft conversion as shown in
Fig. 4.

In Fig. 4, the Wimbledon loft conversion project
illustrates the seamless incorporation of solar PV sys-
tems into residential retrofits. The PV array, carefully
integrated with the roofline, exemplifies renewable
energy adoption in urban domestic architecture. This

complements other passive strategies such as airtight
insulation and shading, reducing operational carbon
emissions and aligning with Part L of UK Building
Regulations.

The drawings in Fig. 5 illustrate how spatial or-
ganisation, deep insulation zones, and subterranean
thermal mass contribute to a passive design strategy
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Fig. 4. Photovoltaic (PV) panels were installed during the Wim-
bledon loft conversion, demonstrating the integration of renewable
energy technologies in line with the UK Future Homes Standard and
sustainable design targets. 41 Seymour Road project.

that enhances airtightness, acoustic separation, and
long-term energy performance. The basement pool
and service areas are strategically positioned to
stabilise internal temperatures, while the sectional
layering demonstrates efficient zoning of conditioned
spaces aligned with UK Building Regulations Part L.

The technical development of Bathgate Road re-
inforces its passive and climate-responsive design
ethos. The use of a basement with embedded ser-
vice zones and a pool supports passive cooling and
acoustic buffering. Meanwhile, the compact vertical
zoning and generous insulation depths visible in sec-
tion demonstrate how airtightness, spatial hierarchy,
and construction detailing work together to meet the
energy targets defined by the Future Homes Standard.

The 41 Seymour Road project in the UK employs
south-facing glazing to maximize solar heat gain in
winter, reducing heating demand. External shading
and deep overhangs prevent summer overheating
while maintaining daylight access. High-performance
insulation and airtight detailing align with UK Part
L regulations for low-energy consumption. Green
landscaping elements, such as permeable paving and
planted areas, improve water drainage and biodiver-
sity. The use of PVC window frames enhances thermal
efficiency, durability, and recyclability. The project
also integrates a solar PV system as shown in Fig. 6,
with 4.3 kWp Canadian Solar 430W Heterojunction
HiHero panels, providing on-site renewable energy
generation.

Energy self-sufficiency is improved with a Solis 4.0
kW inverter and battery storage as well, so excess
solar can be stored for later use. The solar panel
mounting system is mechanically fixed to minimize
impact of structure for long term solar energy harvest-

ing. Mechanical ventilation heat recovery (MVHR)
system is an optimised mechanical ventilation system
with which you can reduce the demand for heating
and improve the indoor air quality. Moreover, inte-
gration of rainwater harvesting helps cut down on use
of mains water and increase sustainability.

The system in Fig. 6, enables on-site energy stor-
age and self-sufficiency, reducing grid dependency
and operational carbon emissions. The integration
of Tesla Powerwall technology complements passive
strategies by storing excess solar energy, optimizing
usage throughout the day, and aligning with sus-
tainable energy models for residential architecture.
Moreover, the pitched roof incorporates layered in-
sulation and timber-frame construction to enhance
thermal efficiency and reduce heat loss as shown in
Fig. 7.

1.4. Regulatory compliance & climate adaptation

Aligned with UK Building Regulations Part L, re-
quiring high energy efficiency standards and Future
Homes Standard to achieve operational carbon emis-
sions reductions of 75-80% by 2025, these strategies
also support the minimum requirement for sustain-
ability and increase living comfort for the occupant.
The two projects show a prioritization of insulation,
airtightness and moisture control over thermal mass
and natural ventilation in temperate climates, which
are dominant strategies in hotter regions.

This newly built home in Fig. 8 demonstrates
climate-responsive detailing through durable mate-
rials, airtight envelope design, and solar orientation
strategies in line with UK Building Regulations Part L.

Another thing is, 41 Seymour Road also includes
renewable energy solutions like solar PV and battery
storage, which limits dependence upon using grid
electricity and also cut down on carbon emissions,
that set as an example of sustainable development
of residential property in UK. Bathgate Road serves
as an example of airtight construction and advanced
insulation techniques which illustrates how passive
strategies can be refined in ways that meet existing
sustainability standards.

1.5. Tropical climates

Hot, wet, humid climates such as tropical regions
a passive design and aim to maximize the airflow,
limit the solar heat gain and avoid moisture accumu-
lation [32]. Casa de Vidro in Brazil is a good example
of tropical climate adaptation. The structure is ele-
vated on stilts pushed up, allowing air to circulate
underneath to reduce ground moisture and promote
passive cooling. Extensive use of glass facades for
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Fig. 5. Technical drawings from Bathgate Road showing the basement plan (left) and a long section through the full building (right).

Fig. 6. Tesla Powerwall battery and solar inverter installed at Sey-
mour Road project. 41 Seymour Road.

natural light is done, and strategic shading devices
are required to prevent overheating [40]. While the
project at Seymour Road in the UK is not in a tropical
setting, but it applies similar passive strategies to
improve energy efficiency. In this case, the open plan
helps promote cross ventilation, alleviating the need
for artificial cooling. Operating windows let natural
air flow, bring in fresh air to keep the insides cool
and protect from heat gain due to deep overhangs
[8]. In addition, solar photovoltaic (PV) panels help
to provide for renewable energy generation [41].
Additional climate-responsive techniques suitable for
the tropical region include Santillana Beach House in
Mexico. Open courtyards are also featured in the de-
sign to induce stack ventilation, allowing warm air to
rise and exit spaces and air to enter living spaces [42].
Together, these elements create a comfortable indoor
environment with weak dependence on mechanical
systems [43].

1.6. Cold climates

Due to the cold nature of the climates, the ma-
jor aim of architectural strategies is to enhance heat
retention, heat insulation, and regulated ventilation
[44]. In such environments, buildings must retain

heat by losing heat as little as possible when extreme
temperatures occur while gaining heat as much as
possible through natural sources of solar heat in order
to have optimum energy performance [33].

Cold climate architecture shows itself in an out-
standing example of the Bianchi house in Switzerland.
Thick brick walls provide High thermal insulation
in this residence to maintain indoor temperatures
[45]. To make up for that, the design presents as few
windows as possible, with minimal openings, since
further heat escape is reduced, and well-insulated
windows optimise daylight penetration while not
compromising on warmth [46, 47]. So that the oc-
cupants do not suffer from uncomfortable heat in the
winter or from too much heat in the summer, a careful
balance between insulation and daylighting is made.

The Bianchi House in Switzerland is a well-designed
passive thermal solution for a high performance cold
climate house. The building envelope is built using
a high-density and thick brick masonry wall, which
helps to maximize thermal mass and minimize heat
transfer and to reduce the temperature fluctuations
inside during extreme winter conditions. Heat losses
are also minimized by limiting the size and number of
fenestrations (windows) and are intentionally a small
percentage of the total wall area to control conductive
and convective heat losses. High-performance double
or triple-glazed insulated units are used to enhance
thermal resistance when openings are made, without
compromising the controlled daylighting [48]. The
architectural composition demonstrates a conscious
emphasis on retaining heat rather than using a lot
of glazing in a temperate way. The spatial planning
is also optimized for reduced thermal bridging and
compact form factor for optimization of energy effi-
ciency [49]. These passive design features together
help to provide thermal comfort for the occupants
even at climatic extremes, without undue dependence
on mechanical heating systems, aligning with the
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Fig. 7. Layered construction of pitched roof showing timber structure and insulation detailing—crucial for thermal performance and
compliance with UK Building Regulations Part L.41 Seymour Road.

Fig. 8. External fagcade of Bathgate Road featuring clay brickwork and high-spec insulated cavity construction.

concepts of climate appropriate and sustainable hous-  neering and environmental control [50]. The facade
ing design. system is designed to achieve high performance in

The Kunst Museum in Switzerland is an innovative  both the insulating materials used and in the airtight
institutional response to the architectural needs of the construction methods, which results in the infiltration
cold climate, through high levels of envelope engi-  heat losses being significantly minimized and thus
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the total energy efficiency is enhanced. The design
is an envelope that admits daylight in a controlled
manner, while keeping thermal bridging to a mini-
mum, and uses strategically placed systems of glazing
to achieve a high level of diffuse natural daylight
with minimal thermal bridging [23]. The building
features high-performance curtain wall or insulated
facade assemblies to help control the internal mi-
croclimates that are essential for the comfort of the
building’s occupants as well as for the preservation of
the artworks. It is ensured by the choice of materials
and facade articulation, so as to reduce passive solar
gain and maintain stable interior temperatures re-
gardless of seasonal changes. Also, mechanical loads
are reduced via envelope efficiency by reducing ac-
tive heating loads [23]. The architectural solution not
only embodies a systems-based integration of mate-
rial science, environmental engineering and passive
climate responsiveness, but also serves as a blue-print
for sustainable cultural infrastructure in cold regions.

The Kunst Museum in Switzerland was a key step
in adapting to the existing climate through another
approach. The selection of materials for insulation
and energy efficiency was very important. The facade
of the Kunst Museum is like that of the Bianchi
House; it was designed to allow daylight while at
the same time helping to retain heat. The building
achieves a sustainable thermal environment with the
help of advanced insulation techniques and airtight
construction methods, thus reducing the requirement
for excessive artificial heating.

The different architectural responses to these cli-
matic conditions are these examples. By capitalizing
on the environmental constraints through material
selection, spatial organization and passive design
techniques, architects can develop environmentally
responsive and sustainable buildings in the long term
[22].

2. Methodology
2.1. Research design

In this study, a qualitative comparative case study
method was used to explore different passive design
strategies, integration of sustainability, procurement,
the coordination of stakeholders, and compliance
with regulations in residential architectural projects
under varying climate conditions. It was decided to
adopt a comparative case study approach as this
enabled to systematically analyse the architectural
approach, environmental strategies and project de-
livery processes within the actual built context. The
study concentrates on the identification of climate,
technical and regulatory requirements and passive

environmental design measures in relation to each
other in residential projects.

2.2. Case study selection

This study utilized a combination of historical case
studies and personal architectural projects in the UK
context and internationally to explore passive strate-
gies in climate-responsive domestic architecture. Case
studies were purposefully selected because they were
relevant to the research’s objectives. Projects were
selected based on the use of a passive environmental
design approach, the focus on sustainability, and the
unique climatic or regulatory conditions. Bathgate
Road and Seymour Road were chosen as the key UK-
based case studies as they demonstrated contrasting
methods of residential procurement, how sustain-
ability was integrated, how the various stakehold-
ers worked together and the planning compliance
requirements.

The international case studies have not been consid-
ered in terms of direct comparison with UK residential
buildings in terms of performance, but rather have
been included as an indication of how different
climates can be accommodated using passive ar-
chitectural design techniques. Other examples in
different climatic contexts were added to enhance the
geographical comparability between different prac-
tices of climate-responsive passive design in different
climate conditions.

2.3. Data sources and collection

The secondary and project based documentary
sources were used in the study. Data obtained
from architectural drawings, planning applications,
procurement records, technical specification docu-
ments, sustainability reports, conservation guidance
documents, building regulations and peer-reviewed
literature. Further information was collected from
public documents, like regulatory and planning doc-
uments linked to the selected projects. The gathered
materials were analysed and categorized in order to
facilitate systematic comparative analysis on envi-
ronmental, technical, management and procurement-
related themes.

2.4. Comparative analysis framework

Thematic comparative evaluation framework was
used for the analysis. The projects were evaluated
based on the passive design measures adopted, the
thermal comfort, natural ventilation, daylighting,
materials, insulation, procurement process, coordi-
nation among stakeholders, sustainability goals and
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compliance with regulatory requirements. Case study
analysis was performed first in each individual
case study to develop project specific strategies and
challenges, and then cross case comparison was per-
formed to identify the common themes, similarities
and the contextual differences among the project
cases.

2.5. Analytical procedure

Analytical work involved the review of project doc-
ument and literature to identify major themes in
architectural, environmental, procurement and sus-
tainability. The identified themes were categorized
and compared to assess the contribution of passive
design strategies and procurement decisions toward
sustainable goals and residential building perfor-
mance in different climates and regulations.

2.6. Scope and limitations

This is a qualitative study and there is no post-
occupancy quantitative data (such as thermal simu-
lations, EPC ratings, SAP calculations or operational
energy monitoring data). In conclusion, the results
should be considered as a comparative study of the
implementation of passive design from an archi-
tectural and procurement perspective and not as a
building performance study.

3. Results and discussion
3.1. Passive strategies in domestic architecture

In domestic architecture within this field, energy ef-
ficiency is optimized to ensure indoor comfort. Some
of these principles are solar orientation [16], ther-
mal mass [26], shading devices and cross ventilation
[29], which are some of the best methods to reduce
energy consumption and increase environmental
performance.

3.2. Solar orientation & thermal mass

The orientation of buildings should be in such a
way as to take advantage of winter sunlight and avoid
overheating in summer [44]. South-facing windows
at Bathgate Road provide the best winter solar gain,
with shading devices that shield the windows from
excessive summer heat. Seymour Road shares com-
mon features with other housing estates in southeast
England, whereby bricks are used for walls that help
provide thermal mass. Brick walls absorb heat energy
during the day, then release the absorbed heat during
the night.

3.3. Shading devices

Overhangs, brise soleil and recessed windows serve
to shade and prevent overheating, enhancing ther-
mal comfort [51]. Luis Barragan possesses a stunning
understanding of how enclosed, well-lit spaces are ef-
fective, unlike the deep window recesses in the Fisher
House.

As emphasized by Hasman [8], effective use of
shading devices and cross-ventilation is key to reduc-
ing reliance on mechanical cooling systems, a strategy
demonstrated in Seymour Road. At Kunst Museum,
overhanging roofs and deep-set windows take sun-
light effectively out of course, as does Bathgate Road
with fixed louvres for reducing glare and too much
solar heat gain. Fig. 9 illustrates the roof construction
and roof-window arrangement incorporated into the
Seymour Road project, to take sunlight effectively,
natural ventilation and thermal performance.

3.4. Cross-ventilation

Another important passive approach used for nat-
ural air flow is cross ventilation which helps in
reducing the use of mechanical cooling systems [29].
At Seymour Road, large bi-fold openings serve to
allow continuous movement of comfortable indoor
air without the aid of artificial coolers. Just as Casa
de Vidro can improve passive ventilation with its
elevating, the structure can do the same here.

Together, these passive strategies demonstrate how
a person can design domestic architecture in harmony
with the environment. Solar orientation can be opti-
mized, shading devices can be incorporated, thermal
mass can be used and wind cross ventilation can be
encouraged [33, 52] to make homes more livable and
sustainable for architects.

3.5. Material & construction strategies for
sustainability

3.5.1. Sustainable materials

Energy efficiency and environmental performance
of buildings is a crucial part in the build-up to sus-
tainable materials selection [13, 14]. In particular,
timber, brick and stone are used for their durability,
insulating properties and ability to regulate indoors
temperatures effectively. These materials minimize
the use of synthetic insulation and high energy con-
struction processes to help build a carbon footprint
that seem reduced [3, 12]. Moreover, they also pro-
vide the benefit of long-term sustainability like low
maintenances, resilience in structural properties.

Seymour Road made use of high-performance brick
and timber cladding in order to ensure a thermally
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Fig. 9. Wimbledon Loft Conversion-Roof.

efficient building envelope. By extensively discussing
sustainable material choices such as timber, brick
and stone, Hasman [8]also makes an important con-
tribution to achieving thermal comfort in domestic
architecture, reducing environmental impact, as well
as achieving longevity by using strategies that have
worked in architectural history of the past to address
the technological challenges of climate design. In ad-
dition, these materials facilitate sustainable building
techniques that utilize local and renewable resources,
and, as such, this promotes energy efficiency [5].
Brick has good thermal mass, that is it stores and then
releases heat, hence keeping the inside temperature
from fluctuating. However, one of the best utilities of
timber is that it acts as a natural insulator, keeping
heat inside and out of the house while still allowing
for a breathable indoor environment [53].

Bathgate Road also reused stone cladding to
construct the building through its sustainable con-
struction strategy. In order to introduce thermal
improvements, stone, a highly durable and energy-
efficient material, was integrated, complimenting the
building’s architectural aesthetics. Stone has its natu-
ral thermal mass and can absorb the heat during the
day and release it at night, reducing the need for ar-
tificial heating [54]. In addition, its longevity allows

the building to be resilient over time and thus reduce
its environmental impacts of material replacement,
maintenance, etc.

Fig. 10 demonstrates a commitment to airtight con-
struction and thermal performance, aligning with the
UK Future Homes Standard. On-site application of
mineral wool insulation in timber-frame walls, as
seen in Fig. 10, enhances thermal resistance and air-
tightness. This approach directly supports low-carbon
housing strategies and improves occupant comfort.

Optimizing energy efficiency in buildings requires
tight insulation and air tightness. These strategies
allow the indoor temperatures to be reduced, which
means the energy used to heat and cool is reduced.
Insulation also prevents drafts and maintains temper-
ature levels that promote occupant comfort [33].

The airtightness measures at Kunst Museum were
further advanced to reduce energy loss and achieve
a better overall thermal performance. The museum
chose high-performance insulation systems with pre-
cise sealing techniques and great air tightness (air
leakage), limiting it to a controlled indoor climate.
As a result of this approach, heating demands were
reduced, and the overall sustainability of the building
was improved because it reduced the dependence on
the building being mechanically climate-controlled
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Fig. 10. Timber frame construction showing mineral wool insulation
during on-site installation at Wimbledon loft conversion.

[55]. These airtightness measures are integrated to
show how strategic construction techniques can make
a resourceful contribution to long-term energy sav-
ings [56].

These images in Fig. 11, reflect the real-time de-
livery of a low-energy strategy—integrating thermal
and acoustic insulation, controlled envelope layering,
and precise construction sequencing, aligned with
Future Homes Standard targets for airtightness and
energy performance. The on-site build-up of Seymour
Road reinforces the strategic alignment between de-
sign intent and execution. As illustrated in Fig. 11, the
project employed multiple insulation layers, mem-
brane detailing, and airtight envelope techniques to
minimise thermal bridging and maximise envelope
performance. Carefully coordinated installations—
such as the Velux rooflights and staircase structures—
were executed with thermal continuity in mind.
These layers not only address environmental perfor-
mance but also improve acoustic comfort and reduce
operational energy use in line with Part L and the
Future Homes Standard.

In the same way, Bathgate Road used high-
insulation materials to increase heat retention and
enhance thermal comfort. Adding insulation of a
high R-value reduced the heat transfer, thus minimiz-
ing the requirement for high heating in the winter
months [52]. A further careful selection of airtight

construction materials was selected to guarantee that
conditioned air remained inside; thus, no energy was
lost, and indoor air quality was optimized [44]. The
insulating and airtight elements of these built forms
demonstrate the importance of how insulation and
airtightness are key elements of sustainable archi-
tecture that contribute to both environmental and
economic efficiency [27].

3.5.2. Comparative analysis of passive strategies

Passive strategies are integrated in UK projects,
Bathgate Road and Seymour Road, under the lim-
itations of UK Building Regulations, Part L — Con-
servation of Fuel and Power and the Future Homes
Standard. These regulatory frameworks set very strict
energy efficiency targets, airtightness requirements
and carbon emission reductions but these are taken
into account when architects designing to ARB GC2
for environmental sustainability take into account
climate responsive design [57, 58]. Regulatory con-
straint in UK building differs from international case
study, where regulatory constraints are less restric-
tive but the UK buildings need to balance their
sustainability goals with regulatory constraints [59].
Casa de Vidro for instance in Brazil, uses raised
structures to maximise natural airflow; UK projects
however have to be the most efficient in insulation,
airtight detailing, and controlled ventilation in order
to comply with regulations.

In comparison, UK and international case studies
are used to demonstrate how regional building poli-
cies guide climate adaptive strategies. The passive
cooling strategies such as open courtyards, shading
devices, and wind towers are not commonly used in
UK architecture as they involve international projects
experimenting with these strategies given the strict
controls for insulation and moisture control [60]. On
the other hand, UK developments typically include
airtight construction, high performance insulation,
and mechanical ventilation systems to minimize heat
loss and increase energy performance [57].

In addition, UK projects also need to have reg-
ulated U values, Standard Assessment Procedure
(SAP) calculations, and future 2025 homes stan-
dard, indicating that design principles not only
meet sustainability objectives but also invite longer
building life time and better occupant comfort [61,
62]. Analysing these various approaches will help
architects to develop best practices by which regu-
latory compliance and climate responsive strategies
can equally serve as drivers for both energy effi-
ciency and occupant well-being in sustainable design
solutions.

Here is a comparative table summarizing the
passive strategies used in UK projects versus interna-
tional case studies:
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Table 1. Comparative analysis of passive design strategies in UK projects and international case studies.

Passive
Strategy UK Projects International Case Studies
Solar Optimized for seasonal changes with south-facing Maximized solar gain due to arid/tropical settings, using large
Orientation windows and shading in summer (Bathgate Road). openings and natural light control (Kaufmann House, Casa
de Vidro).
Shading Overhangs and recessed windows reduce heat and glare  Brise soleil and deep-set glazing regulate solar heat (Luis
Devices (Seymour Road). Barragan, Fisher House).
Ventilation  Bifold openings and cross-ventilation enhance airflow Open courtyards, raised structures, and stack ventilation
and minimize reliance on mechanical cooling methods encourage airflow in hot climates (Santillana Beach
(Seymour Road). House).
Thermal Brick and stone provide insulation and temperature Mud-brick and concrete absorb heat during the day and release
Mass stability throughout the year (Bathgate Road). it at night, improving thermal regulation (Akil Sami House).

3.6. Discussion

From the results, the adaptation of passive de-
sign strategies to regional climatic conditions, reg-
ulatory constraints, and material availability are
analyzed. Differences are found in architectural
approaches, material choices, the use of passive meth-
ods, and other aspects [52] in UK and international
projects.

They have to do with architectural control in dis-
parate climates. Bathgate Road and Seymour Road
are UK projects which is integrating passive strategy
into the existing building regulations scope regarding
the lesson energy efficiency and survival standards.
In turn, international examples like Santillana Beach
House and the Kaufmann House do not need to em-
ploy such radical ways of doing things as a way of
designing as a system for the passive approach. These
projects use all available means of unrestricted archi-
tectural forms e.g. open courtyard and raised forms
to the next optimum extensions to achieve optimum
ventilation and shading [33]. The same flexibility in
design is revealed also in the application of interna-
tional case studies and demonstrates the possibility
of applying innovative passive strategies under less
restrictive regulatory constraints.

The other key factor affecting passive design is
materiality. Material selection in UK projects is ori-
ented towards balancing insulation as much as heat
retention [20]. High-performance brick, timber, and
stone provide durability and thermal efficiency on
Bathgate Road and Seymour Road. Nevertheless,
much stricter insulation and airtightness are neces-
sary outside the project boundaries due to the energy
efficiency demands of colder climates, such as those
in international projects like the Kunst Museum in
Switzerland. A similar process occurs in Egypt in arid
regions where traditional mud brick construction is
done to harness its inherent thermal massing prop-
erties in order to minimize mechanical cooling. The
comparison of these material choices proposes that
climate-responsive design cannot solely factor in the
local regional aspects but must also take into account
the real case construction.

UK housing could integrate passive cooling tech-
niques from hot climates, such as wind towers
for ventilation and courtyards for heat reduction
(Santillana Beach House). Applying these strategies
would enhance energy efficiency and occupant com-
fort while reducing environmental impact. Passive
design strategies vary by climate and regulatory
framework, but the principles of climate-responsive

Fig. 11. On-site construction sequence from Seymour Road project, showing insulation installation, airtight membrane detailing, Velux

openings, and stair integration.



394 JOURNAL OF SUSTAINABLE CONSTRUCTION MATERIALS AND TECHNOLOGIES 2026;11:381-397

Fig. 12. Completed interior spaces in Bathgate Road project reflecting the thermal and acoustic comfort achieved through airtight construc-

tion and passive design principles.

architecture are universal. Achieving this dependence
on the continued evolution of sustainable design on
integrating lessons from diverse environmental con-
texts to build resilient, energy-efficient buildings lies
within the hands of architects [32].

While this study does not include post-occupancy
energy monitoring data, several quantitative indi-
cators demonstrate the effectiveness of the adopted
passive strategies. At Bathgate Road, 100 mm
PIR cavity wall insulation (thermal conductivity is
0.022 W/m-K) and insulated glazing (U-value equals
1.6 W/m2K) were installed to minimize heat loss
and increase thermal performance of the building. In
addition, the project uses details and techniques of
the air-tight envelope and moisture protection aimed
at compliance with the requirements of the Building
Regulation Part L. The use of solar PV array of the
capacity of 4.3 kWp, battery storage, insulation mate-
rials, and MVHR was implemented in the construction
of the house in Seymour Road. Despite inability to
identify exact savings in energy due to the qualita-
tive nature of the analysis, it can be concluded that
the measures applied have positive influence on the
energy performance of the building.

Furthermore, through its climate-driven approach
architecture develops strong resistance to future
challenges. City settings like UK homes experience
extreme summer temperatures near 40 °C nowadays;
so architects need to use shading elements and airflow
tools to keep buildings from overheating [51, 63].
This research adds to urban development discussions
by showing architects the most effective way to build
passive solutions for climate challenges that buildings
may face in future.

4. Conclusion

Climate-responsive design serves as a research tool
for domestic architecture to integrate passive strate-
gies that improve building sustainability and reduce
energy use while meeting residents’ needs. The ap-

plication of passive building design needed to follow
local conditions especially the national rules about
materials and climate. With the adoption of provided
strategies, UK architecture has the potential to con-
tinue to reduce the energy use and occupant comfort
impacts of built structures and minimise the envi-
ronmental impact of the built structures. With these
reflections, we highlight that while the passive design
strategies can be different through different climate
conditions and regulatory frameworks, the principles
of climate-responsive architecture are universally rel-
evant. Architects must learn from different contexts
and gather lessons to create energy-efficient resilient
buildings that will continue to evolve for sustainable
design.

4.1. Implications

Comparison of the UK projects has provided in-
sights to balance sustainability objectives with reg-
ulatory compliance, and the analysis of international
case studies has helped to provide valuable insights
into adaptive design approaches. The findings from
this study provide environmentally responsible archi-
tectural solutions, meeting the UK policy frameworks
by using global best practices. This study indicated
that passive cooling can also be facilitated through
open courtyards, as in the Santillana Beach House,
which can be integrated into residential designs sim-
ilar to how they are designed today. This study will
also help to improve the understanding of technical
aspects related to climate-responsive materials and
energy efficiency strategies. By going through case
studies and transferring lessons from international
examples, we have built up the strength to incorpo-
rate passive design principles in future architecture
projects.

4.2. Future recommendations

Applying passive techniques to UK housing could
enhance energy efficiency and occupant comfort,
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incorporating strategies such as wind towers, open
courtyards, and optimized ventilation methods in-
spired by international case studies.
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