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ARTICLE INFO ABSTRACT

This study focuses on the design and modeling of an office building aimed at
increasing energy efficiency and reducing greenhouse gas emissions. In this regard,
both passive and active energy methods have been employed, including changing
consumption patterns, insulation, adjusting the dimensions and positions of
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windows, and improving the efficiency of lighting and ventilation systems. Analyses
show that the highest electricity consumption in this building is attributed to
electricity for rooms (55/4%) and cooling systems (22/04%). Additionally,
refrigerators and lighting systems account for 56/9% of internal unwanted heat
generation. The results indicate that by employing a combination of active methods

in reducing heating and cooling energy consumption and passive methods in
reducing electricity and gas consumption in office rooms, electricity and gas
consumption will be reduced by 58/73% and 39/59%, respectively. Improving the
usage patterns of office equipment and lighting has had a more significant impact on
reducing electricity consumption (81/6%). Additionally, the capacity of heating and
cooling coils will be reduced by 57/70% and 69/71%, respectively. The highest
energy consumption is evident in providing gas for heating and electricity for
cooling, which will decrease by 7/89 and 33/97 Megawatt-hours, respectively,
following the implementation of energy optimization strategies. The peak heating
and cooling loads have also decreased by 88/8% and 65/7%, respectively, resulting
in a 65% increase in user environmental comfort. These results highlight the
importance of optimizing energy consumption in buildings and its significant impact
on improving environmental conditions.
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Introduction

Population growth and rising energy demand have led to resource scarcity and increased greenhouse
gas emissions in many societies. In Iran, energy use in residential, commercial, and service buildings
represents 32% of total energy consumption and 21/93% of carbon dioxide emissions. With a
projected rise in electricity demand in residential buildings by 2040, optimizing energy consumption
in buildings has become crucial. Global goals for 2050 include reducing energy costs in buildings by
2/5%, boosting geothermal energy use by 6%, and increasing the adoption of solar thermal systems
and biomass fuels. Predictions suggest that enhancing energy efficiency and transitioning to renewable
energy sources could decrease fossil fuel consumption by 800 tons of crude oil equivalent and lower
greenhouse gas emissions by 75% by 2050. Zero-energy buildings are pivotal to these efforts,
achieving a balance between energy production and consumption through renewable energy systems
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and efficient construction practices. Defined as buildings that produce as much energy as they
consume over a specified period, zero-energy buildings utilize energy-efficient designs alongside
renewable technologies. This study employs Design Builder software to model a zero-energy office
building in Tehran, focusing on local climatic conditions and resident comfort. Key strategies include
minimizing energy source demand, enhancing insulation, optimizing mechanical systems, and
implementing smart controls for lighting and HVAC. A comprehensive energy audit analyzed the
building's performance before and after improvements, identifying effective methods for energy
savings and the integration of renewable sources. The results of this study provide insights for
designing zero-energy office buildings in Tehran and similar climates, offering a practical framework
for optimizing energy consumption in the built environment.

Material and Methods

This study focuses on the energy efficiency of an office building in Tehran, which was initially
modeled using Design Builder software based on its actual architectural plans and operational details,
such as lighting, ventilation, and electrical equipment usage. The research involved two main phases:

1. Building Design and Energy Consumption Analysis: The building's specifications, including
structural details and HVAC systems, were input into the software. This enabled the simulation
of energy use, loss, and the performance of various systems based on the local climate.

2. Energy Reduction Strategies: Various modifications were implemented to reduce energy
consumption. These included altering consumption patterns, using control systems, improving
insulation, changing window dimensions and positions, and replacing the existing heating and
cooling system with a geothermal heat pump (GSHP). An energy audit was conducted to assess
the building's initial energy consumption, followed by the implementation of both passive and
active methods of energy reduction. Passive methods involved changing to more energy-
efficient lighting, while active strategies focused on enhancing the efficiency of electrical
systems and integrating renewable energy sources.

The study also evaluated the heating and cooling system's capacity and assessed how well the
building met comfort conditions in both summer and winter. The results of the energy audits,
comparing before and after implementation, demonstrated the effectiveness of the strategies applied.
Design Builder software proved instrumental in modeling the building’s energy dynamics and
calculating outcomes such as total energy consumption, cost, and carbon emissions, allowing for a
comprehensive analysis of energy efficiency improvements in the building.

Result and Discussion

The application of active and passive solutions in building audits revealed the significant role of
window design in energy efficiency. Strategies such as upgrading windows, optimizing cooling and
lighting system usage, and enhancing equipment and controls contributed to reduced energy
consumption and costs. The study demonstrated that implementing a combination of these methods led
to notable decreases in electricity and gas use, initial expenses, and improved comfort levels.

Key findings include:

1. Combining active and passive methods achieved reductions of 58/73% in electricity and
59/39% in gas consumption.

2. The highest gas fuel consumption is for providing thermal energy in the heating sector, while
the highest electricity consumption is for meeting cooling demand, which decreased by 7/89
MWh and 33/97 MWh, respectively, following energy optimization.

3. Improved usage patterns lowered the capacity of energy-intensive heating and cooling coils by
57/70% and 71/69 %.

4. The most significant impacts were from optimizing cooling system usage and upgrading
lighting to more efficient devices, leading to reductions of 81/6% and 75/4% in electricity
consumption, respectively.

Peak loads for heating and cooling were reduced by 88/8% and 65/7% post-audit.
6. User comfort levels increased by 65% after the energy audit.
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Conclusion

This study utilized both active and passive energy audit methods to assess the effectiveness of various
strategies in reducing energy consumption in buildings. The results reveal that targeted improvements
in energy usage can significantly boost efficiency and comfort levels. However, while zero-energy
buildings offer substantial energy savings and environmental advantages, they require considerable
investment and have longer payback periods. The study recommends that future research focus on the
economic challenges associated with these buildings, including the integration of renewable energy
systems, fostering a culture of responsible consumption, and implementing incentive-based financial
policies by government entities and planners. The findings of this research provide valuable insights
for designing zero-energy office buildings in Tehran and similar climates. These results not only
enhance future building designs but also serve as a practical model for optimizing energy
consumption.
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