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2026/01/21 Historical fabrics in Iran, particularly in the city of Khoy, face the
2026/05/09 simultaneous challenge of preserving physical authenticity while
32-57 reducing energy consumption. The cold climate, weak thermal envelopes,

high air infiltration, and restrictions on intervention increase dependence

on fossil-fuel heating and, together with the limited presence of natural

elements, reduce thermal comfort. Biophilic architecture can improve

Scan the QR code below | environmental performance through the purposeful integration of natural
to access and read this | €lements; however, its effectiveness in cold-climate historic buildings has
article. rarely been quantitatively evaluated. This study was conducted using a
mixed-methods approach as a scenario-based simulation study. The aim
was to comparatively evaluate intervention alternatives and provide a
decision-making framework rather than to accurately predict actual
energy consumption. The research included physical and technical
analysis of buildings, energy simulation under five scenarios, user
assessment through questionnaires, and scenario ranking using the
Analytic Network Process (ANP). The questionnaire reliability was
acceptable, with a Cronbach’s alpha of 0.876. In Kabiri House, the S4
scenario reduced annual heating load from 102/5 to 82/0 kWh/mz2-year,
cooling load from 10/0 to 5/5 kWh/m2-year, and final energy
Biophilic consumption from 120.0 to 95.0 kWh/m2-year, while increasing thermal

Architecture; Historical comfort hours from 67/5% to 82/5%. In Yousefi House, heating load
Houses; Cold Climate; decreased from 140/0 to 118.0 kWh/m2-year, cooling load from 15/0 to
Energy Optimization; 10/0 kWh/mz2-year, and final energy consumption from 160.0 to 136/0
Thermal Comfort. kWh/m2-year, while comfort hours increased from 60/0% to 75/0%. The

findings indicate that low-intervention biophilic strategies, when
compatible with conservation constraints, can provide a practical basis
for improving energy performance, enhancing thermal comfort, and
supporting decision-making in cold-climate historic houses.

. Zeinali. A.m., Mohammadzadeh. M., Khazerloo. P., Nouri. F. (2026). Evaluating the impact of
biophilic architecture on optimizing energy consumption and thermal comfort in historical houses in cold
climates (Case study: Kabiri and Yousefi Khoy House). Journal of Cold Climate Architecture and
Environment,Vol 13, No 51, PP: 1-18.
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Dense historic urban fabrics in cold-climate regions face a complex challenge: they must preserve architectural
authenticity while responding to contemporary demands for energy efficiency and thermal comfort. This issue is
particularly significant in the historic fabric of Khoy, located in northwestern Iran, where cold and semi-arid
climatic conditions, long heating periods, weak thermal envelopes, single-glazed openings, and high air
infiltration increase dependence on fossil-fuel-based heating systems. At the same time, the compact morphology
of the historic fabric and the limited presence of natural elements reduce environmental quality, visual connection
with nature, and users’ thermal comfort.

The main problem addressed in this study is the lack of low-intervention and heritage-compatible strategies for
reducing energy consumption in historic buildings located in cold climates. Conventional energy retrofitting
measures often require intrusive physical changes that may conflict with conservation principles. Therefore, there
is a need for context-sensitive approaches that can improve energy performance while maintaining the spatial,
cultural, and material authenticity of historic buildings.

Biophilic architecture provides a potential response to this problem by integrating natural elements into the built
environment. Elements such as vegetated courtyards, green walls, and green roofs can contribute to thermal
moderation through shading, additional insulation, surface temperature reduction, and microclimatic
improvement. Beyond their technical role, these elements may also enhance users’ sensory and psychological
connection with nature, which distinguishes the biophilic approach from purely technical sustainability strategies.
Although previous studies have examined the effect of green roofs, green walls, and vegetation on building energy
performance, most have focused on new buildings, warm climates, or individual green components. Limited
quantitative evidence exists regarding the integrated application of biophilic strategies in cold-climate historic
buildings under heritage constraints. Accordingly, this study investigates the impact of localized biophilic
interventions on energy performance and thermal comfort in two historic houses in Khoy: Kabiri House and
Yousefi House.

This research adopts a mixed-methods approach with a pragmatic orientation. The study combines physical and
climatic analysis, dynamic energy simulation, questionnaire-based assessment, and multi-criteria decision-
making. The research process consists of three main stages.
First, the historic fabric of Khoy and the two selected case-study buildings were analyzed in terms of spatial
organization, construction materials, envelope characteristics, courtyard-based morphology, and climatic
behavior. Kabiri and Yousefi houses, both belonging to the Qajar period, were selected because they represent the
dominant type of historic courtyard houses in Khoy. Their thick masonry walls, earthen roof systems, timber
elements, single-glazed wooden windows, and introverted spatial organization reflect the architectural response
of the region to cold and semi-arid climatic conditions.
Second, three-dimensional models of the two buildings were prepared and simulated using DesignBuilder with
EnergyPlus as the simulation engine. The baseline scenario represented the existing condition of each building.
Four intervention scenarios were then defined:

e  SO: Existing condition without intervention.

e  S1: Vegetated courtyard using native plant species and permeable surfaces.

e  S2: Interior green wall on the courtyard-facing facade

e S3: lightweight/extensive green roof with cold-resistant plant species

e S4: Combined scenario integrating S1, S2, and S3

The main performance indicators included annual heating load, annual cooling load, total final energy use,

peak heating and cooling capacity, percentage of annual comfort hours, and average operative temperature

during peak winter and summer periods.
Third, the perceptual and qualitative dimensions of the biophilic interventions were evaluated using a five-point
Likert-scale questionnaire. The questionnaire assessed users’ perceptions of biophilic qualities, spatial quality,
environmental-thermal quality, and acceptance of the proposed design interventions. Its internal consistency was
examined using Cronbach’s alpha, and the integrated scale showed acceptable reliability (o = 0/876). In addition,
the Analytic Network Process (ANP) was employed to rank the intervention scenarios based on expert pairwise
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judgments, considering energy performance, heritage compatibility, implementation feasibility, cost, risk, and
spatial quality.

The simulation results indicate that the combined biophilic scenario, S4, produced the highest improvement in
both case-study buildings.

In Kabiri House, the annual heating load decreased from 102/5 to 82/0 kWh/m2-year, while the annual cooling
load decreased from 10/0 to 5/5 kWh/m2.year. Total final energy use was reduced from 120/0 to 95/0
kwh/mz.year. In addition, comfort hours increased from 67.5% to 82.5%. The average indoor operative
temperature in January increased from approximately 17/5°C to 20/0°C, while the average indoor operative
temperature in August decreased from about 28/2°C to 26/0°C.

In Yousefi House, which had a weaker baseline thermal envelope, the annual heating load decreased from 140 to
118/0 kWh/mz2-year, and the annual cooling load decreased from 15/0 to 10/0 kWh/m2-year. Total final energy
use declined from 160/0 to 136/0 kWh/m2-year, while comfort hours increased from 60/0% to 75/0%. The average
indoor temperature in January increased from approximately 16/5°C to 18/5°C, and the average August
temperature decreased from about 29/0°C to 27/5°C.

These findings suggest that the combination of courtyard vegetation, green walls, and green roofs can reduce both
heating and cooling demands by improving shading, increasing thermal resistance, moderating surface
temperatures, and improving the local microclimate. However, the cooling-load reduction should be interpreted
carefully. Since Khoy has a cold climate and the absolute cooling load is relatively low, even a small numerical
reduction in cooling demand may appear as a large percentage reduction. For example, in Kabiri House, the
cooling load decreased from 10/0 to 5/5 kWh/mz2-year, which represents a substantial percentage change but a
limited absolute cooling-energy value.

The results also indicate that the green roof had the most significant effect on reducing roof-related heat loss,
while the green wall and vegetated courtyard contributed to reducing wall and window-related heat gains and
losses. In both buildings, the combined scenario performed better than individual interventions, showing that the
synergy between different biophilic elements is more effective than applying each measure separately.

The questionnaire and multi-criteria evaluation supported the simulation findings. The combined scenario, S4,
achieved the highest overall ranking due to its strong energy performance and positive effect on spatial quality.
Nevertheless, in buildings with higher conservation sensitivity or structural limitations, lighter interventions such
as S1, the vegetated courtyard, may be more appropriate because they involve lower implementation risk and less
physical alteration to the historic fabric.

Conclusion

This study demonstrates that context-sensitive biophilic interventions can contribute to reducing energy
consumption and improving thermal comfort in cold-climate historic buildings without requiring destructive
intervention in the original fabric. The combined scenario, including a vegetated courtyard, green wall, and green
roof, achieved the best overall performance in both Kabiri and Yousefi houses.

In Kabiri House, the combined scenario reduced total final energy use from 120/0 to 95/0 kWh/mz2-year and
increased comfort hours from 67/5% to 82/5%. In Yousefi House, total final energy use decreased from 160.0 to
136/0 kWh/m2-year, and comfort hours increased from 60.0% to 75.0%. These results confirm that localized
biophilic strategies can act as both environmental and experiential tools in the sustainable regeneration of historic
urban fabrics.

The theoretical contribution of this research lies in linking biophilic design, cold-climate energy performance,
cultural compatibility, and heritage conservation within a single analytical framework. Practically, the findings
indicate that the combined scenario (S4) provides the best overall performance in both case-study houses;
however, vegetated courtyards (S1) can be considered as a lower-risk and more heritage-compatible alternative
in buildings with stricter conservation constraints. Green walls and green roofs should therefore be implemented
only after careful technical assessment of moisture control, structural capacity, maintenance requirements, and
conservation requirements.

Overall, the study argues that biophilic architecture should not be understood merely as the addition of greenery
to historic buildings. Rather, when adapted to local climate, traditional spatial patterns, and conservation
requirements, it can become an effective strategy for reducing energy demand, improving thermal comfort, and
enhancing the livability of dense historic fabrics in cold regions.
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