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Since significant energy consumption worldwide is related to building
energy, building energy optimization is currently very important
despite the limitations and due to the preservation of the earth's
environment. This paper addresses the important limitations for
optimizing building energy performance using single and multi-
objective particle swarm optimization (MOPSO) and genetics (NSGA-
I1) algorithms with EnergyPlus and MATLAB building energy
simulation software to examine different weather data of several cities
in Iran with considering the one-room model offers with the effect of
building architectural parameters. Also in the optimization section, the
annual electricity consumption of cooling, heating, and lighting to
understand the interactions between the target functions and minimize
the total annual energy demand of the building is examined, and the
results obtained, the annual cooling electricity consumption is reduced
by 19.8-33.3% and the annual heating and lighting Respectively
increased by 1.7-4.8% and 0.5-2.6% compared to other models, which
leads to an optimal reduction of 1.6-11.3% of the total annual
electricity demand of the building.

Introduction

lighting energy consumption in order to achieve
optimal control of blind systems in office buildings.

Improving the energy efficiency of buildings has
become a major international challenge for
designers and researchers that has great potential for
building change (1) by analyzing the total energy of
the building (2) instead of analyzing the building as
a set of individual components (3). To evaluate the
energy performance of a building, architectural
parameters for reducing the energy consumption of
the building are difficult to take into account due to
the complexity and nonlinearity of the processes
(4). Tohos-Dabro and Crarti (5) developed a genetic
algorithm optimization tool in conjunction with
DOE-2, which is used to optimize the shape of a
building and its coverage characteristics. Kim and
Park (6) integrated EnergyPlus with the MATLAB
program by running EnergyPlus using the m-script
file on the MATLAB platform. They used the
MATLAB nonlinear finite optimization tool
(FMINCON) to minimize heating, cooling and
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In this paper, using the Multipurpose Particle
Swarm Optimization (MOPSO) and Genetics
(NSGA-II) algorithms is paired with the EnergyPlus
building energy simulation program and the
EnergyPlus input file creation tool, jEPlus, to
increase the energy performance of a typical room.
After presenting the coupling strategy, developed
optimization techniques are provided to investigate
the effect of building architectural parameters such
as building orientation, canopy specifications,
window size, and glaze and wall material properties
on a test case considering three target functions of
annual cooling power consumption, Heating, and
lighting. Based on the results, a set of optimal
architectural configurations for different climates of
several Iranian cities, including cold, temperate, hot
and dry, and hot and humid has been obtained.
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Materials and methods

In this paper, a multi-objective particle swarm
optimization (MOPSQ) algorithm and NSGA-II
type genetics for building energy optimization are
presented (6, 7) .EnergyPlus and jEPlus simulation
programs are also used to predict the thermal
behavior of the building and energy consumption
and to help building designers adjust the parameters
with the EnergyPlus model and simulations in
parallel (8). Thus, with the proposed method, the
power and capabilities of EnergyPlus in building
energy simulation can be combined and
implemented with MATLAB power in control and
optimization (9).

Results

In order to evaluate the capability and effectiveness
of the proposed optimization approaches, the
developed methods in a single room thermal zone
test in a multi-story building are applied to
investigate the effect of architectural design
parameters on room energy consumption in several
different climatic regions of Iran with desired
physical properties. Table 1 shows the physical
characteristics of the room in several regions of
Iran.

Table 1. Physical properties of the desired room

Component Property Value
Conductivity (W/mK) 0.57
Thickness (m) 0.2
wall Specific heat (J/kg K) 790
Density (kg/m3) 1120
Conductivity (W/mK) 111
Eloor/roof Thickness (m) 0.1
Specific heat (J/kg K) 920
Density (kg/m3) 800

Results and Discussion

The results of optimization for different climatic
conditions show that the annual consumption of
cooling electricity decreases by 19.8 to 33.3%,
while the annual heating and lighting increase by
1.7-4.8% and 0.5-2.6%, respectively, compared to
the original room model. Also, optimal design leads
to a 1.6 to 11.3 percent reduction in total annual
building electricity demand for four different
climatic regions of Iran. The largest change in
cooling energy consumption is related to the cold
climate with 33.3%, while the demand for heating
energy with 1.7% has the least change. Similarly,
the lowest change in cooling energy demand in hot
climates is 19.8%, while the consumption of heating
energy atat 4.8% is the highest. From this, it can be
clearlyinferred that the purposes of cooling and
heating are completelyopposite to each other.
Finally, changes in total annual energy consumption
from hot to cold climates are less. Accordingly, it is
inferred that the use of optimization methods leads
to a more favorable and efficient design than other
existing methods.

Conclusion
In this paper, two powerful approaches for
optimizing multivariate building energy
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consumption are introduced. For simulation-based
optimization, the Multipurpose Particle Swarm
Optimization (MOPSQO) and Genetics (NSGA-I1I)
optimization code were programmed in MATLAB
environment and integrated with the Energy-Plus
program through the jEPlus parametric simulation
management tool as the interface for creating the
EnergyPlus input file. In the proposed optimization
problem, the design parameters of the room
orientation were canopy specifications, window
size, glaze, and wall specifications. In addition,
three  objective functions including annual
electricity consumption, cooling, heating, and
lighting, which are completely non-linear, were
considered. The proposed methods were used in a
one-room model by considering four climatic
regions of Iran hot and humid, hot and dry,
temperate and cold. The optimization results
showed that the annual cooling consumption
decreased by 19.8 to 33.3% compared to the base
model depending on the climate region. In contrast,
annual electricity consumption for heating and
lighting increased by 1.7-4.8% and 0.5-2.6%,
respectively. As a result, the final optimal
configuration reduces the total annual electricity
consumption of the building by 1.6 to 11.3 percent
for the four climatic regions of Iran.
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