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Abstract: The present study evaluates and optimizes the daylight and

energy performance of residential building envelopes in the cold climate
of Hamedan. For this purpose, the common pattern of residential buildings
in Hamedan city—a 5-storey apartment model with neighboring buildings
on the east and west sides, resulting in lighting from the north and south—
was selected as the base model. Annual energy consumption and the
utilization rate of natural light were considered as the objective functions
for optimization. After examining various methods and metrics for
evaluating daylight and energy performance, the annual energy
consumption per unit area (EUI) was selected to assess energy
consumption, while daylight illumination (UDI) was chosen to evaluate
the utilization of natural light. These metrics were used to find optimal
solutions for designing the main facade of residential buildings.
Subsequently, various components of the building envelope were
identified, and the sensitivity of the data was analyzed using the Morris
screening method to rank the key variables affecting the objective
functions. Following this, parametric studies on output variables and
optimization of solutions were conducted using a genetic algorithm. By
integrating simulation software with the multi-objective optimization
method, several Pareto optimal solutions were generated. Through
comparison of these solutions, considering both daylight and energy
aspects, an optimal design was selected. The results indicate that through
Pareto optimization of the selected patterns, the EUI metric can be
improved by 17.44% and 23.72%, while the UDI metric can be enhanced
by 17.61% and 21.1%. Consequently, designing the building envelope in
this manner can significantly reduce energy consumption while
simultaneously increasing the efficiency of natural light.
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1. Building performance simulation
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3. Genetic algorithm
4. Particle Swarm Optimisation algorithm
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1. Passive House Planning Package
2. Building Design Optimisation Problems
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