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Objective: The latest energy balance report (2013-2021) shows a 27.3% increase in the
energy consumption of residential buildings. Building components react differently to
climate. Unconventional construction in the rural lowlands of Rudsar County increases
energy consumption. The study aims to optimize the opening dimensions of houses to
reduce energy consumption in this area.

Method: In this context, the first step is to assess the current needs of a typical residential
building in the region, followed by the optimization of its energy-intensive components.
To carry out this research, Climate Consultant 6.0 software was used to assess the
building's climatic design requirements, while Expert Choice 11 software was used to
prioritize the energy consuming components using the Analytic Hierarchy Process (AHP).
The selected building was modelled in Rhino 7 and its energy simulation was performed
using the Honeybee and Ladybug plug-ins within the Grasshopper environment. Finally,
the Octopus plugin was used for parametric optimization.

Results: The results of the single objective optimization focused on the energy
consumption intensity of the building, indicating that optimizing the window proportions
in the kitchen and living room zones had a more significant impact on reducing energy
consumption compared to other zones. In addition, openings with canopies on the south
facade of the living room had fewer constraints in modifying the opening proportions than
those in the south room on the same facade. In summary, both the north and south facades
offered greater flexibility in selecting variable window proportions during the design
process.

Conclusions: Selectively among the optimal forms that are more commonly implemented,
the kitchen zone was found to have an energy consumption difference of 3.58 kWh per
square meter per year compared to the existing conditions, with a Window-to-Wall Ratio
(WWR) of 31.75% for the northern fagade and 8.42% for the eastern facade. Of the total
window area used on the exterior of the building, 34% corresponds to the north elevation,
29% to the south elevation, 23% to the east elevation, and 14% to the south elevation,
representing the average optimal conditions for the building. Therefore, based on the
average optimization results across the zones, reducing the WWR on the south and north
facades of the north room to 16.54% and 2.87% respectively could lead to a reduction in
energy consumption intensity of 3.52 kWh per square meter per year compared to the
current state.
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Introduction
Finding strategies for the optimal use of energy in residential buildings, which in Iran exceeds

global consumption levels, is a major challenge for architectural designers and researchers in
this field. This issue is particularly critical in rural areas experiencing reverse migration and a
burgeoning construction trend, such as certain villages in Rudsar County. In addition, factors
considered in architectural design - such as form, orientation, openings and other structural
elements - affect energy consumption and interact with each other. Therefore, it is important
to focus on these components and the vulnerable regions concerned. The aim of this research
is to present optimal conditions for factors influencing energy consumption in rural buildings
in Rudsar County. An important aspect of this research is the consideration of the relevant
climate, which defines the optimal conditions according to the existing conditions prevailing
in the area.

Method
The current study is applied in nature and uses a mixed methods approach. The qualitative

method was used to address the first research question, while the second question, centered on
simulation processes and outcomes, was approached quantitatively. Given the overall
objective of the research, the independent variable consists of the subcomponents of opening
dimensions, while the dependent variable is the intensity of energy consumption in the sample
of buildings studied. Data collection was carried out through bibliographic studies, field
surveys and software simulations. Based on the research objective, the optimization of a
crucial climatic component for a typical residential building in the target area was carried out.
This process consists of three steps:

- Step One (Climatic Needs Assessment): In the first step of the climatic needs assessment,
the EPW file for the city of Rudsar is imported into Climate Consultant. Climatic
performance and ASHRAE-55 standards are examined. Needs are prioritized using AHP and
evaluated using Expert Choice. Options are determined based on priorities and energy
consumption components.

- Step Two (Existing Conditions Energy Simulation): The conditions of all the ranked
components from the first stage were modelled in Rhino 7, taking into account the current
state of the building. Next, the Honeybee plugin in Grasshopper was used to apply materials
according to the ASHRAE 2019 standards and the provisions of Section 19 of the National
Building Code. Finally, to identify the climatic region in the energy simulation process, the
EPW file for Rudsar County was uploaded to the Energy Plus component and the results for
energy consumption intensity were calculated both collectively and in detail for cooling,
heating and lighting.

- Step Three (Optimization): The parametric modelling of the sub-components of the factor in
question was carried out under the condition that all sub-components are treated equally in
each zone of the whole building. This optimization was carried out as a single objective task
with a goal function focused only on the annual energy consumption, using the Galapagos
component within Grasshopper and the Genetic Algorithm method for computation. Finally,
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the optimization results were compared with the energy consumption intensity outputs from
the second stage of the existing conditions.

Results
intensity for the Bathroom, North Room, South Room, Living Room, Kitchen, Reception and

Toilet zones are 27.279, 99.278, 02.279, 15.279, 06.279, 79.278 and 33.279 kilowatt-hours
per square meter per year respectively. Of these, the optimization for the north room has the
highest energy efficiency of the entire building. The ratio of window area to wall area serves
as a sub-component that can be utilized in different design configurations. The variables
associated with the north-facing zones have the highest values compared to other orientations,
with the sole exception of the OKB, which has the lowest value. The window height can be
used in a more balanced way in all zones and all orientations, and these two variables are the
window width and OKB, which differ from each other according to each zone with different
application and facade.

Conclusions
The north and south facades impose fewer constraints on larger window proportions than the

east and west facades. Adjustments to window width and OKB metrics depend on the
positioning of the building plan, the facade and the intended use of the associated zone.
However, the window height can be balanced across all zones and facades to maintain the
optimum condition. The WWR variable serves as an index from which the optimized results
can be applied in the event that the overall shape of the studied building is not maintained in
alternative design schemes.
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