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This article investigates the impact of climate change on energy consumption in residential
buildings across various Iranian cities over the next 70 years. To achieve this, climatic data
for Tehran, Tabriz, Isfahan, Mashhad, and Kermanshah were generated using Meteonorm 8
software based on existing ten-year climatic data. Following the identification of prevalent
residential building types in Iran, a representative sample was selected, and energy
simulations were conducted using Design Builder 7.0.0.096 software for the years 2030,
2060, and 2090 in the aforementioned cities. The results indicated a projected increase in
cooling energy demand across all cities in the coming years. Tehran exhibited the most
significant changes in annual heating energy, with a projected decrease of 37% in 2060 and
66.64% in 2090 compared to 2030. Tabriz experienced the largest annual increase in cooling
energy, with a rise of 37.53% in the first three decades and 75.43% in the subsequent three
decades. Overall, projected annual cooling energy changes ranged from 21.36% to 37.53%
by 2060 and 44.14% to 75.43% by 2090 across these cities.Tabriz had the highest annual
energy consumption, while Kermanshah had the lowest. Additionally, Tabriz exhibited the
highest heating energy consumption, whereas Tehran had the highest cooling energy demand
annually. Regarding carbon dioxide emissions, Tehran recorded the highest levels during
2030, 2060, and 2090, with Isfahan showing the most substantial increase in emissions over
the seventy-year period. Statistical analyses revealed a significant relationship between
temperature changes and time across all cities. However, no significant relationship was
found between time and energy consumption or carbon dioxide emissions in these cities. In
conclusion, this study highlights the anticipated changes in energy consumption and carbon
dioxide emissions in residential buildings across Iranian cities due to climate change.
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Introduction

Climate change and the Earth's rising temperatures pose significant challenges for the future, leading to
increased energy consumption, particularly in the building sector. Countries prioritize predicting and mitigating
building energy use to combat climate change, with buildings in Europe consuming over 40% of energy
resources and producing 36% of greenhouse gases (Maduta et al., 2022). Long-term programs aim to reduce
emissions and energy consumption by 2050, emphasizing changes in energy patterns (D’Agostino et al., 2021).
A key initiative is revising the "Building Energy Performance Manual" to boost building resilience by enhancing
efficiency and reducing fossil fuel dependence (ANSI/ASHRAE Standard 55, 2013).

Heating, cooling, and ventilation systems contribute significantly to building energy consumption, affected
directly by climate change and global warming. Evaluating building energy performance under changing
climates is crucial, considering lifespan and conditions. Recent decades saw reduced heating demand but
increased cooling needs, especially in tropical regions, hinting at higher future energy consumption trends.

To counter this, proposed solutions include improving building shell performance, upgrading HVAC systems,
implementing smart technologies, and using renewable energy. The building shell's role is critical in energy
efficiency and climate resilience (Morewood, 2023).

This research aims to study climate changes in Iranian cities over 70 years and their impact on building energy
consumption. By examining prevalent construction types, a sample building's energy performance across Tabriz,
Tehran, Isfahan, Kermanshah, and Mashhad will be compared. This research will quantify climatic variations,
energy consumption changes, and environmental impacts over seven decades.

Materials and Methods

Researchers employ various tools for forecasting future climate data, with Meteonorm software emerging as a
widely utilized and dependable platform. Developed by Intersolar Europe, Meteonorm employs statistical
downscaling techniques and integrates scenarios like RCP2.6, RCP4.5, and RCP8.5 to project future weather
patterns. Unlike earlier versions based on the HadCM3 model, Meteonorm's latest iteration utilizes sophisticated
algorithms to downscale weather data statistically.

The software generates detailed forecasts, including hourly parameters like temperature, humidity, precipitation,
wind speed, solar radiation, and more, for any location worldwide up to the year 2090 under predefined
scenarios.

In a recent study focusing on five lIranian cities—Tehran, Tabriz, Mashhad, Kermanshah, and Isfahan—
researchers extracted current hourly epw files from reputable databases. They used Meteonorm 8 to generate
weather data for the years 2030, 2060, and 2090 based on the RCP8.5 scenario. This approach enables a
comparative analysis of climate changes over the next seven decades.

The research methodology involves simulating climate scenarios and analyzing resultant data to assess climate
change impacts on these cities. By comparing weather data across different timeframes and cities, the study aims
to offer insights into projected climatic shifts and their implications for urban environments in Iran.

This research is significant for climate change adaptation and urban resilience planning, providing detailed
climate projections using advanced modeling tools like Meteonorm. The findings will inform policymakers and
urban planners about potential future climate trends, enabling proactive measures to enhance cities' resilience to
climate change.

Results

The research conducted assesses the thermal behavior and energy consumption of buildings in response to
climate change across five Iranian cities—Tehran, Tabriz, Mashhad, Kermanshah, and Isfahan—over the years
2030, 2060, and 2090. The study focused on annual energy consumption, heating and cooling energy usage,
carbon dioxide emissions, and monthly energy consumption patterns.

Key findings indicate a general increase in annual energy consumption over time due to climate changes, with
Isfahan experiencing the most significant rise in energy consumption by 17.59% in 2090 compared to 2030.
Conversely, heating energy demands decreased as temperatures rose, notably in Tehran and Isfahan. Annual
cooling energy requirements increased with rising temperatures, particularly in Tabriz.

Tabriz emerged with the highest annual energy consumption and the lowest cooling energy demands, while
Tehran recorded the highest cooling energy usage. Carbon dioxide emissions showed a notable increase in
Isfahan over time, highlighting significant environmental impacts.
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Monthly energy consumption trends varied across cities and seasons, with Mashhad and Tabriz showing
decreased consumption during winter months, while Tehran and Isfahan exhibited increasing trends in certain
months. Kermanshah displayed unique consumption patterns with less defined trends.

Statistical analyses revealed a significant relationship between temperature and the passage of time across all
cities. However, no significant relationships were found between year and energy consumption or carbon dioxide
emissions, suggesting complex interactions between these factors.

Overall, the study underscores the influence of climate change on building energy dynamics and environmental
considerations in urban contexts. The findings emphasize the importance of sustainable urban planning and
mitigation strategies to address changing climatic conditions and reduce environmental impacts associated with
building energy consumption.

Conclusion

The research investigated the thermal performance and energy consumption of a residential building in five cities
in Iran over 70 years, using climate data forecasts for 2030, 2060, and 2090. The findings showed increasing
annual energy consumption in most cities due to climate changes, with Isfahan experiencing the most significant
increase. Heating energy decreased in all cities except Kermanshah, while cooling energy needs were projected
to rise substantially. Tabriz had the highest total energy consumption and heating energy, while Tehran had the
highest cooling energy demand. Tehran also had the highest carbon dioxide emissions, with Isfahan showing the
most significant increase over time. Statistical analyses revealed a significant relationship between temperature
changes and time across all cities but no significant relationship between time and energy consumption or carbon
dioxide emissions. These findings align with previous research indicating reduced heating needs and increased
cooling demands due to climate change. The study's limitations included sample size and city coverage,
suggesting future research should refine building classifications and expand the number of cities studied. Further
research could focus on comparing energy-saving strategies tailored to each city, such as building shell
improvements and green technologies, to guide architects and designers in developing resilient buildings capable
of mitigating climate change impacts.
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