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Abstract

With the rapid growth of population and urbanization, the demand for housing and energy has significantly 
increased. The construction sector consumes a substantial portion of global energy resources, which are 
inherently limited. As construction is highly energy-intensive, it presents a prime opportunity for energy 
savings; studies show that proper design strategies can reduce energy consumption by up to 44%. This paper 
first examines the concept of housing and its importance, followed by its relationship with energy use. It 
introduces Building Information Modeling (BIM) as a practical tool in this field, discussing its advantages and 
limitations. Finally, the study explores methods for optimizing and evaluating energy consumption in 
buildings. The main objective is to provide a framework for constructing energy-efficient buildings, as the 
construction industry accounts for one of the largest sources of energy loss. Controlling this consumption can 
make a significant contribution to global sustainability efforts. Moreover, the use of BIM enhances 
profitability, reduces costs, saves energy, improves time management, and strengthens client relationships. 
BIM represents a transformative approach in the Architecture, Engineering, and Construction (AEC) industry 
by promoting stakeholder integration. This integration increases efficiency and coordination among 
participants who previously experienced limited collaboration. Additionally, BIM facilitates the 
implementation of productive strategies, such as lean design and modular construction, in the building 
process.
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Introduction
Buildings are among the largest consumers of 
energy, and their energy demand varies across 
countries due to differing characteristics. Energy 
consumption also differs according to building 
type. In residential buildings, activities such as 
space heating, water heating, and lighting are the 
primary contributors to energy use (Rubenstone, 
2012). Since optimizing energy consumption is a 
crucial component of sustainable development—
and because buildings account for roughly one-
third of a country’s annual energy use—
developing strategies to reduce energy demand 
in this sector is highly important. Even small 
design considerations can have a significant 
impact on reducing energy consumption.
Numerous studies have been conducted 
worldwide in this field. For example, the study 
“Performance Measurement of 12 Low-Energy 
Buildings” by Thompson, Schultz, and Paul 
presents the energy savings achieved in buildings 

equipped with solar systems, comparing energy 
consumption with local climatic conditions and 
evaluating the performance of these systems. 
The results indicate that solar systems can 
substantially reduce energy consumption; 
although actual savings exceed calculated 
estimates, energy savings of up to 60% compared 
to a conventional house can still be achieved 
(Crawley, 2005).
Another relevant study, “The Impact of 
Architectural Design on Energy Consumption in 
Buildings in the Cold Climate of Tabriz” by Dr. 
Farshid Nasrollahi at the University of Berlin, 
explored similar issues. Using DesignBuilder 
software, the study examined how climate-
responsive architectural design affects energy use 
(Atson, 1998).
Various methods and formulas exist for 
calculating a building’s thermal load. Among 
these, energy modeling software is particularly 
effective, as it can account for the complex 
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interactions between a building, its external 
environment, and internal systems. As such, it 
represents one of the most useful tools for 
assessing energy-saving strategies in the 
construction sector (Azhar, 2011).
Building Information Modeling (BIM) has 
emerged as one of the most efficient approaches 
in the construction industry. One of its key 
advantages is that every component in a BIM 
model contains detailed information necessary 
for quantitative project estimation. By extracting 
materials and components from the model and 
linking them to cost estimation software, 
accurate project cost forecasts can be achieved. 
BIM provides a digital representation of the 
physical and functional characteristics of facilities 
and serves as a shared knowledge resource 
throughout the facility’s lifecycle, from initial 
conception to demolition (Glick, 2009). In the 
United States, general contractors define BIM as 
the development and use of computer-based 
models to simulate the construction and 
operation of a facility (Nasrollahi, 2007). 
Importantly, BIM is not merely software; it is a 
process that encompasses the use of intelligent 
3D models and significant improvements in 
workflow and project delivery (Kymmell, 2008).
Given that buildings account for approximately 
one-third of national energy consumption 
(Grimme, 2002), implementing strategies to 
reduce their energy use is critically important. 
Even minor design decisions—such as building 
orientation, placement of secondary spaces, and 
cost-effective insulation—can greatly improve 
building efficiency. By optimizing design and 
construction methods, ideal building 
performance can be achieved. Accordingly, this 
study aims to design residential buildings using 
BIM with a focus on energy optimization.
Building Energy Efficiency

The energy efficiency of a building is determined 
by the amount of energy consumed per square 
meter of its floor area. Heat loss is often assessed 

using the U-value, a standard metric for 
evaluating a building’s energy performance. The 
U-value indicates how effectively a building 
component conducts heat from one side to the 
other and the amount of heat allowed to pass 
through. Lower U-values correspond to higher 
energy efficiency. Building elements such as 
windows, doors, walls, and skylights can either 
gain or lose heat, thereby influencing the overall 
energy demand of the building.
BIM as a Technology

From a technological standpoint, Building 
Information Modeling (BIM) represents a project 
simulation that integrates 3D models of building 
components with all relevant information needed 
for planning, design, construction, and operation. 
BIM technology is based on object-oriented 
parametric modeling, where the term 
“parametric” refers to a process in which 
modifications to an element—or its related 
components (e.g., a door connected to a wall)—
automatically adjust to maintain predefined 
relationships (Laar, 2002).
Although BIM adoption is growing in developed 
countries, its implementation in developing 
nations remains limited. Studies indicate that 
construction companies often encounter multiple 
barriers, such as a shortage of IT-literate 
personnel and the lack of national BIM 
implementation frameworks (Stine, 2011).
A primary advantage of BIM is its ability to 
provide detailed information about a building’s 
spaces, systems, and components. The goal is to 
centralize this data for efficient facility 
management. Information about building 
systems and equipment can be easily accessed 
within the BIM model; for instance, details for a 
piece of equipment like a VAV box may include its 
location, name, model number, product type, 
operation and maintenance instructions, 
commissioning data, and performance 
specifications (Philips & Azhar, 2011).

Table 1: Research Background
Number Article Title Author Year Research 

Method
Results

1 ENERGY 
EFFICIENCY IN 

BUILDINGS 
Research 

Perspectives and 
Trends

Hardin 2009 Conducting 
qualitative 

analysis and 
reviewing 

European Union 
publications and 
research articles.

The development, integration, 
and demonstration of new 

technologies, along with the 
European Union’s energy 

strategy, strongly focus on 
improving energy efficiency 
and reducing CO₂ emissions.
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2

Building 
Information 

Modeling

Robinson 2015 Reviewing BIM 
(Building 

Information 
Modeling) 

implementation 
and practices 
worldwide.

Building Information 
Modeling (BIM) is currently 

widely used around the world 
in countries such as the 
United States, United 

Kingdom, France, Germany, 
Finland, Denmark, Australia, 

Malaysia, and Singapore.
Additionally, BIM is 

increasingly gaining attention 
internationally within the 
construction industry and 

various organizations.

3

Urban 
microclimate 
and building 

energy models

Weygant 2011 One-way 
coupling

Finding a method to 
accurately estimate average 
temperature radiation and 
outdoor thermal comfort.

Modeling and simulating the 
effects of vegetation and 

urban form on the 
microclimate.

4 Urban 
microclimate 
and building 

energy models

SmartMarket 
Report

2011 WRF, 
OpenFOAM, and 

EnergyPlus

Developing a methodology to 
transfer initial conditions from 
the meso-scale to the micro-

scale by integrating urban 
microclimate data with 
building energy models.

Research Methodology

Since this study focuses on the design of 
residential buildings and energy optimization, it 
was necessary to consult experienced architects 
with extensive design and construction portfolios, 
as well as engineers specializing in structural 
design, material selection, quantity surveying, 
and other civil engineering disciplines. For this 
purpose, interviews were conducted with 10 
companies and nearly 60 professionals who have 
worked in the construction industry.
Based on the interviews and collected data, the 
study proceeded to analyze energy-efficient 
design strategies. The building under study aimed 
not only to optimize energy consumption but also 
to remain cost-effective, ensuring accessibility for 
the majority of residents. As a result, options 
such as smart building systems and advanced 
materials were excluded. Instead, effective wall 
insulation emerged as a primary strategy. 
According to Chapter 19 of the national building 
regulations, wall insulation can reduce energy 
consumption by 30%, and the installation of 
appropriate doors and windows can further 
reduce energy use by 20%.

After data collection, the information was 
entered into Revit software, and the building 
model was designed and simulated accordingly. 
All collected data were incorporated layer by 
layer to develop a comprehensive 3D model, 
allowing for precise evaluation of performance 
and process efficiency at each stage. One key 
output of this process is the Building Information 
Model (BIM), which provides a digital 
representation of every aspect of the constructed 
asset. For energy analysis, DesignBuilder software 
was used.

Findings
1. Strategies for Energy Optimization in 

Buildings
Interviews with 10 companies and approximately 
60 professionals focused on material selection 
and software tools for energy optimization. Based 
on these discussions:
Using heavy materials with high thermal mass, 
such as concrete, bricks, and cement blocks, 
increases the thermal stability of a building. In 
other words, changes in outdoor temperature do 
not cause significant fluctuations in indoor air 
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temperature. This effect is particularly 
pronounced in south-facing rooms, contributing 
to reduced energy consumption and enhanced 
occupant comfort. Therefore, lightweight 
wooden walls or prefabricated light panels—
except for thermal insulation—should be 
avoided. Additionally, using hollow bricks for 
exterior walls helps trap air within the bricks, 
further increasing the building’s thermal capacity. 
However, it is recommended to incorporate 
suitable insulation either on or within these walls 
to maximize efficiency.
Clay is used in the production of bricks, tiles, 
ceramics, gypsum and soil mortars, lime-clay 
mortar, adobe, pottery, and similar construction 
materials.
Thermal insulation of the building envelope—
including the roof, exterior walls, thermally 
uncontrolled spaces, and the pilotis roof—is 
mandatory. In addition, energy-efficient 
measures should include the installation of 
double-glazed windows with aluminum thermal-
break, wooden, or standard PVC frames; 
insulation of air ducts, utility pipes, and hot water 
systems; installation of local temperature control 
devices such as thermostatic valves on radiators; 
and the use of smart central control systems 

equipped with ambient temperature sensors to 
optimize energy consumption.
The materials used in a building’s façade have a 
significant impact on its energy consumption. 
Therefore, materials should be selected according 
to the local environment to help minimize energy 
use. In southern cities, buildings typically use 
light-colored construction materials to reduce 
heat absorption.
The proper size and orientation of building 
components also play a crucial role in reducing a 
building’s energy consumption. For example, 
windows should ideally be installed on the 
southern side of the building, and obstacles such 
as trees, neighboring buildings, or tall fences that 
block sunlight should be avoided to maximize 
natural light and solar heat gain.
Designer’s Perspective Based on Research
The design process began with a residential 
building in Tehran, in the Pasdaran area. 
Considering the land area and the client’s 
requirements, the necessary spaces were 
designed, and the Phase 1 plan was created using 
Revit software. This allowed for simultaneous 
visualization of the 3D model (Figure 1).

Figure 1: Overall design view as approved by the client
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The process began with layering the walls and 
selecting materials based on the budget and 
energy-saving considerations. For example, one 
of the exterior walls of this residential building 
was designed and constructed in this way, with 
thermal insulation applied at the final stage.
Several types of thermal insulation are available 
on the market:
One of the most effective types is rock wool. This 
insulation is produced from compressed cork 
granules combined with natural resin, which are 
formed into board panels. Rock wool offers 
excellent resistance to abrasion and moisture. 
During installation, support is required to prevent 
breakage. Another option is foamed glass, which 
serves as both a thermal and moisture insulation 
material. It features high mechanical strength, 
non-combustibility, long-term durability, 
environmental compatibility, and chemical 
neutrality. Plastic insulation is another common 
type, available in many varieties. It is made from 
materials with diverse applications and is 
lightweight, with simple installation procedures.

For this building, spray-applied polyurethane 
insulation was chosen. Before application, the 
surface must be thoroughly cleaned of dust and 
debris. The polyurethane mixture is then sprayed 
onto the surface using specialized equipment. 
The thickness of the insulation depends on the 
number of foam layers applied but typically does 
not exceed 5 cm. Polyurethane spray foam is 
available in two types: open-cell foam, suitable 
for sound insulation, and closed-cell foam, used 
as thermal insulation.
For comparison, polystyrene insulation was also 
considered. In general, polyurethane panels are 
produced with higher-quality materials than 
polystyrene panels, which makes them more 
expensive. However, considering benefits such as 
better environmental compatibility, superior 
thermal insulation, and greater durability, 
polyurethane panels are often more cost-
effective in the long term. They are more 
resistant to weathering, help reduce maintenance 
costs, and, due to their superior insulation 
properties, contribute to long-term energy 
savings.

Table 2: Materials Used for Exterior Walls

Table 3: Materials Used for Interior Walls

After completing the walls, the floor layers were 
addressed, beginning with the structural floor 
followed by the architectural floor. The floor 
design varies according to different spaces but is 
overall aimed at minimizing energy loss.

Once all layers and the building structure were 
designed, a 3D model was exported in gbXML 
format to be imported into the energy analysis 
software.
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Figure 2: Steel structure of the building

The final stage involves generating a bill of 
quantities (BOQ) and finishing schedule for the 
building using this software, which is prepared in 
Excel. The table below shows a small portion of 
the wall finishes without insulation. For this 
project, the cost of insulation is also included. 
The price of polystyrene foam varies depending 
on factors such as dimensions, density, and 
product type. In general, the cost of one cubic 
meter of polystyrene foam in the Iranian market 
ranges from approximately 500,000 to 1,500,000 
IRR.

Table 4: Finishing Schedule
Finishing Work Table

Material: Name Material: 
Area

Material: 
Cost

Type Bricks Used (Formwork)

Gypsum and soil 28.26 m² 1,200 Parapet wall 1695.87 m²

Gypsum and soil 12.73 m² 1,200 Parapet wall 763.62 m²

Gypsum and soil 48.92 m² 1,200 Plaster – 200 2934.93 m²

Gypsum and soil 17.16 m² 1,200 Plaster – 200 1029.71 m²

White cement 
(finished)

204.23 m² 225,600 North façade 12254.10 m²

White cement 
(finished)

175.53 m² 225,600 North façade 10531.79 m²

White cement 
(finished)

66.67 m² 225,600 Plaster – 201 4000.31 m²

White cement 
(finished)

65.43 m² 225,600 Plaster – 201 3925.90 m²

Sand-cement 
grout

102.12 m² 198,0 North façade 6127.05 m²

Sand-cement 
grout

87.76 m² 198,0 North façade 5265.89 m²

Sand-cement 
grout

28.26 m² 198,0 Parapet wall 1695.87 m²

Sand-cement 
grout

12.73 m² 198,0 Parapet wall 763.62 m²

Sand-cement 
grout

11.13 m² 198,0 Parapet wall 667.76 m²

Facing brick 102.12 m² 4,580 North façade 6127.05 m²

Facing brick 87.76 m² 4,580 North façade 5265.89 m²

Facing brick 87.56 m² 4,580 Exterior 200 (Brick & 
Plaster) × 2

5253.53 m²

Facing brick 86.00 m² 4,580 Exterior 200 (Brick & 
Plaster) × 2

5160.28 m²

Facing brick 79.45 m² 4,580 Exterior 200 (Brick & 
Plaster) × 2

4767.18 m²

Clay brick 102.12 m² 3,500 North façade 6127.05 m²
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Clay brick 87.76 m² 3,500 North façade 5265.89 m²

Clay brick 11.89 m² 3,500 South façade 713.11 m²

Clay brick 11.86 m² 3,500 South façade 711.81 m²

Brick 28.26 m² 2,400 Parapet wall 1695.87 m²

Brick 12.73 m² 2,400 Parapet wall 763.62 m²

Brick 11.13 m² 2,400 Parapet wall 667.76 m²

Brick 9.48 m² 2,400 Parapet wall 568.69 m²

Brick 9.24 m² 2,400 Parapet wall 554.17 m²

Figure 3: Temperature and Heat Increase

The temperature data for this region indicates 
that during the summer season, high ambient 
temperatures can significantly impact the 
building. Even more energy-efficient performance 
could be achieved if advanced, high-tech 
materials were used. However, the software lacks 
these advanced material options, so it is not 
possible to analyze their performance through 
charts or numerical data. Nevertheless, based on 
expert insights, it is clear that the greater the 
technological sophistication of a building—or the 
“smarter” it is—the lower its energy consumption 
tends to be.
Energy management in a smart home involves 
the intelligent and efficient use of various energy 
resources within a building. This includes 
reducing energy consumption, enhancing 
efficiency, implementing automated control of 
devices and systems, utilizing clean and 

sustainable energy sources, and minimizing 
environmental impacts.
In this project, the only smart feature 
implemented is the heating and cooling system. 
With intelligent HVAC systems, indoor 
temperatures can be automatically and optimally 
regulated. These systems can detect occupancy, 
adjusting temperatures based on whether people 
are present, and can also analyze weather data 
and occupant behavior patterns to optimize 
energy use.
Because many smart materials are not available 
in the software, and the existing objects are 
limited—for example, only wooden doors are 
available, and some spaces cannot be set as 
residential—default settings had to be used. For 
comparison, one model employed insulation and 
conventional materials available on the market 
with polyurethane insulation, while another 
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residential model used polystyrene insulation. Figure 4: Energy Consumption
The left side of the figure represents the building 
with polyurethane insulation, while the right side 
shows the building with polystyrene insulation. At 
first glance, it is evident that the building with 
insulation is more energy-efficient. The following 
highlights the key points.
In Graph 3 of the figure above, the energy 
consumption of the materials used in each 
building is presented. The maximum value for the 
polystyrene-insulated building reaches 1000, 
whereas for the polyurethane-insulated building, 
it is only 1. Focusing on the walls, the wall with 
polyurethane insulation (shown in purple) has an 
energy consumption value close to 1, while the 
corresponding wall in the polystyrene building is 
near 1000. This significant numerical difference 
clearly demonstrates that investing in proper 
insulation is the most effective approach to 
optimize energy efficiency in a building.

Figure 5: Fuel Consumption
Since the majority of Iran’s fuel comes from oil 
and gas, the fuel type selected for this study is 

natural gas. Figure 5 shows its consumption. The 
left side of the figure represents the building with 
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polyurethane insulation, where it is clear that its 
gas energy consumption is significantly lower 
than that of the polystyrene-insulated building. 
This again highlights the impact of using 

polyurethane-insulated materials, demonstrating 
that the quality of insulation plays a crucial role at 
this stage.

Figure 6: Gas Energy Consumption

Figure 7: Building Ventilation with Polyurethane Insulation

Figure 8: Building Ventilation with Polystyrene Insulation

Polyurethane panels are generally highly resistant to pressure and have a long lifespan, potentially 
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exceeding three decades.

Conclusion
In this study, two building models were 
compared that were identical in all aspects 
except for the wall insulation. The analysis from 
DesignBuilder software clearly demonstrates the 
significant impact of wall insulation on energy 
conservation. These results indicate that 
insulating walls and other parts of a building from 
the outset, despite higher initial costs, greatly 
enhances the comfort of the occupants and 
contributes to the community’s economy by 
preserving gas and energy resources.
The findings also showed that using BIM enables 
a precise representation of all building details, 
which improves construction quality and reduces 
errors and defects. Other benefits of BIM include 
cost and time savings, enhanced coordination 
among construction team members, improved 
communication, and minimized design and 
construction conflicts. Moreover, accurate 
simulations allow for precise calculation of 
energy consumption.
Overall, energy optimization in buildings or 
systems offers significant benefits. By managing 
and optimizing energy consumption, costs related 
to heating, cooling, lighting, and other energy 
demands are substantially reduced. Lower energy 
use translates into savings on utility bills and 
associated expenses. In addition, reducing energy 
consumption decreases greenhouse gas 
emissions and pollutant production, playing an 
increasingly important role in environmental 
protection and mitigating the effects of climate 
change. Optimizing energy use also allows for 
more effective control of indoor temperatures, 
creating a more comfortable and healthier 
environment for occupants. Furthermore, proper 
lighting and reduced noise interference can 
enhance the quality of life for residents. Limiting 
energy consumption by reducing a building’s 
sensitivity to energy supply disruptions 
strengthens the security of these resources. 
Energy-efficient (green) buildings place less stress 
on the electrical grid during peak demand 
periods, which increases grid stability and can 
potentially reduce the need for costly 
infrastructure upgrades.
High initial setup costs, lack of awareness, 
regulatory uncertainty, technological complexity, 
and the absence of financing mechanisms are 
among the main barriers to energy optimization 

in the construction industry.
Practical strategies for maximizing energy 
efficiency in buildings include: efficient lighting 
management and the use of energy-saving 
appliances, building insulation, optimization of 
heating and cooling systems, implementation of 
smart energy systems such as various sensors, 
promoting internal awareness and encouraging 
occupant participation, and continuous 
maintenance and monitoring of energy-
consuming systems.
Based on the results, it is recommended to 
involve mechanical engineers for the CFD analysis 
in DesignBuilder and HVAC engineers for the 
project’s heating, ventilation, and air conditioning 
systems.
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