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A B S T R A C T  

 

The purpose of this research is to analyze the energy of a residential building in the city of Tabriz 
with a cold and dry climate using energy simulation to provide a model to minimize energy 
consumption. A comparative model of energy consumption analysis in a three-story building 
unit with dimensions of 181 square meters is presented using 5 layout modes in the wall, floor, 
ceiling, window and door. The number of 5 designs with different arrangement of rooms and 
different number of windows were compared in terms of energy conservation in 51 different 
diagrams and the optimal energy saving design is selected. In the next step, according to the 
obtained results, the design of the building in the desired site is discussed. At the end, in order 
to check the amount of energy absorbed in the building, energy diagrams will be obtained for 
the thermal region of the coldest day of the year. The results show that the most optimal energy 
consumption of the residential building is related to the design of plan B with the fabric gains 
value of 41767 Wh. After that, the designed plan A show the most optimal energy consumption 
in the building with fabric gains value of 41028 Wh in the month of July. The results of this 
research are useful for energy efficiency of residential buildings and environmental 
management in future. 

doi: 10.5829/ijee.2024.15.04.06 
 

 
INTRODUCTION1 
 
Buildings are responsible for approximately 40% of the 

world's total energy consumption and carbon emissions, 

making this a critical and prevalent issue in today's global 

context (1). In fact, around 27% of carbon dioxide (CO2) 

emissions in developing countries can be attributed to 

buildings, primarily due to heat loss within residential 

structures (2, 3). The significance of the built 

environment extends beyond energy consumption during 

construction and occupancy (4). It also garners substantial 

attention from governments, occupants, and stakeholders 

who are keen on improving the energy efficiency of 

buildings (5, 6). Building design strategies (BDS) play a 

pivotal role in addressing this challenge and are applied 

in three primary areas: environment, climate, and energy. 

These strategies are essential for achieving energy 

conservation goals (7). Building energy simulation stands 
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out as a commonly employed method for quantitatively 

assessing the relationship between carbon emissions and 

various building designs (8). To gain a comprehensive 

understanding of building energy efficiency, a thorough 

review was conducted, encompassing previous research 

that utilized simulation software (9–11). Also, a series of 

researches have been done in the field of energy 

efficiency of residential buildings using energy 

simulation model (12–14). In addition to the mentioned 

researches, various studies have been conducted in 

connection with the performance of building material 

science in the efficiency of energy consumption and 

renewable energies (15, 16). Other studies have been 

conducted in connection with the management of 

building renewable energy using photovoltaic power 

plants system (17, 18). In other studies conducted by 

researchers, renewable energy management was 

implemented using dynamic decision-making algorithms 
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(19, 20). In the latest research, scientists achieved optimal 

models of energy consumption through the Energy Plus 

(21–23), E-Quest (24), and DesignBuilder (25) 

simulation system in the building using validation tools. 

Some other researchers have reached the optimal models 

of energy consumption through the building information 

modeling system (26–28). The present study addresses 

the critical aspects of energy conversion and efficiency in 

the context of residential building design using Ecotect 

simulation software for modeling and simulation. A 

comprehensive analysis of prior research reveals a 

conspicuous gap in the literature: the absence of 

comparative studies on residential building designs and 

their impact on reducing gas consumption within cold 

winter zones worldwide, utilizing simulation software. 

While numerous studies have explored the enhancement 

of indoor thermal conditions in residential buildings, the 

primary focus has predominantly centered on buildings 

situated in moderate climates. Only a limited number of 

investigations have delved into the realm of residential 

buildings in cold and dry climate conditions, where 

computer simulations are employed to achieve energy 

efficiency (29). It is noteworthy that Tabriz city in Iran 

experiences distinctive seasonal and daily climatic 

patterns, characterized by average cold and dry 

temperatures, in contrast to the temperate climates of 

European cities. The principal objective of this study is to 

analyze the energy performance of residential buildings 

through energy simulations. The ultimate goal is to 

formulate a model that can effectively reduce energy 

consumption through design modifications. This 

comprehensive review was conducted in Tabriz city, Iran, 

during the period spanning 2020-2021. 

 

 

MATERIALS AND METHODS 
 
The initial phase of our methodology encompasses data 

collection and site analysis conducted during the coldest 

period of winter within a cold-dry climate. This phase 

comprises two key components: first, the compilation of 

annual temperature data, and second, the gathering of 

comprehensive information regarding building 

components. This information encompasses the 

properties of building materials, construction details, and 

foundational design elements. These datasets serve as the 

basis for generating computer simulations designed to 

evaluate various design options explored in this study. 

Subsequently, we proceed to the next stage, which 

involves a comparative analysis of energy consumption 

models within a three-story building unit spanning 181 

square meters. We explore five distinct layout 

configurations, considering variations in the arrangement 

of walls, floors, ceilings, windows, and doors. We 

compare these five designs, each with differing room 

arrangements and window counts, across 51 different 

scenarios, with the goal of identifying the most energy-

efficient design. To accomplish this, we leverage building 

energy simulation tools such as EnergyPlus, Ecotect, and 

eQuest, which play a pivotal role in modeling the energy 

performance of existing structures and investigating 

retrofit options (30). Based on the findings derived from 

our analyses, we engage in a comprehensive discussion 

concerning the building's design within the specified site. 

In conclusion, to assess the building's energy absorption 

capacity, we generate energy diagrams that depict the 

thermal characteristics of the building during both the 

coldest and hottest days of the year. 

 

Weather data 

The city of Tabriz, located at coordinates 38°.08' N and 

46°.15' E, is situated at an elevation of 1350 meters above 

sea level. Tabriz experiences a cold-dry climate 

characterized by extremely low temperatures during the 

winter months, particularly from December to February. 

Conversely, summer temperatures are quite moderate, 

with a maximum typically reaching 26 °C (31, 32). For 

reference, the maximum and minimum temperatures 

recorded in Tabriz during the coldest month of the year, 

January, over a span of ten years (2010-2020), ranged 

from 15 °C to -19.6 °C (31, 32). Figure 1 illustrates the 

weather data collected over this decade, sourced from 

local weather stations, and serves as a representative 

dataset for the region (33). These weather data points are 

crucial inputs for our thermal modeling efforts, allowing 

us to predict annual energy consumption for various 

weather scenarios. This, in turn, enables us to evaluate 

potential energy-saving strategies for atrium design 

options. To perform this analysis, we input the relevant 

weather data into the Ecotect weather tool, which can 

automatically generate detailed climate analysis results 

specific to Tabriz. 

The city of Tabriz positioned at a latitude of 38.8○ 

north, 46.28° east. Its geographical location places it in a 

highly advantageous position for receiving solar  

 

 

 
Figure 1. The maximum and minimum air temperature of 

Tabriz city 
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radiation. As a result, assessing the duration of sunshine 

hours and the angle of solar radiation throughout the day 

across different seasons is a critical aspect of calculating 

and evaluating the amount of solar radiation available for 

various applications. Figures 2 and 3 provide valuable 

visual representations of this information. Figure 2 

displays the direction of the sun, indicating its path across 

the sky, while Figure 3 illustrates the changing angles of 

solar radiation throughout the day. These figures, sourced 

from (31, 32) are instrumental in understanding the solar 

dynamics in Tabriz, aiding in the design and utilization of 

solar energy systems, as well as in various other 

applications that rely on solar radiation data. 

The initial output of the software, which 

encompasses essential data such as wind and sun 

information, is visually represented in the following four 

figures: Figures 4 and 5 provide insights into this data. To 

ensure the accuracy and reliability of the input data, we 

employed Climate Consultant 6.0 software. This software 

offers a comprehensive analysis of climate data and 

allows for a more thorough validation of the climate 

conditions in Tabriz. The climate data used in Climate 

Consultant 6.0 was directly extracted from the Ecotect 

website, guaranteeing the precision and authenticity of 

Tabriz climate data utilized in our analysis. 

 

Case study 

The energy simulation is conducted on a residential 

building comprising three-story. The building unit covers 

an area of 181 square meters and has a length of 3 meters. 

The building has a door on the east side with an area of 

1.8 square meters. 

These specifications provide the necessary details for 

the energy simulation, enabling the assessment of the 

building's energy performance and its response to various 

design and climate factors. Table 1 presents the required 

materials for modeling and simulation. 

In the context of residential usage, it is assumed that 

there are five occupants in each story of the building, and 

these occupants are present full-time throughout the 

entire year. Additionally, it's mentioned that there is 

ample natural lighting available for all spaces within the 

 

 

 

 
Figure 2. The direction of the sun of Tabriz city 

 

 

 
Figure 3. The angel of the sun of Tabriz city 
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Figure 4. Climate data analysis in Ecotect software 

 
 

building. This assumption implies that the building's 

design and layout are such that it maximizes the use of 

natural daylight, reducing the reliance on artificial 

lighting during daytime hours. This approach not only 

promotes energy efficiency but also enhances the overall 

comfort and livability of the residential spaces. 

 

Input data parameter 

In the process of selecting the best design for a cold 

climate, the following steps were undertaken: 

Model Drawing and Material Selection: The design of the 

building was created, and appropriate materials were 

selected to ensure energy efficiency and thermal 

performance. 

Hourly Weather Data: Hourly weather data for the city 

over the past ten years were obtained from the internet. 

This data is crucial for conducting accurate thermal 

analysis. 

Thermal Analysis with Ecotect: The thermal analysis 

process was initiated using Ecotect software. Ecotect 

provides various outputs and insights, including: 

• Hourly temperature changes graph. 

• Building external cover radiation for different times 

and months. 

• Distribution of energy attraction and thermal waste in 

the building's area. 

• Temperature distribution in different areas of the 

building. 

• Calculation of thermal interchange attraction and 

construction waste for each month. 

Thermal Comfort Analysis: The study also involved the 

calculation of thermal comfort conditions. These 

calculations were based on Ecotect analysis, taking into 

account both personal and environmental factors. Figure 

6 illustrates the steps involved in entering data into the 

software.  

Table 2 provides information on the settings and 

limitations used to define thermal comfort areas within 

the building. 

These comprehensive analyses and calculations are 

crucial for optimizing the building design to ensure that it  

 
 

 

 
Figure 5. Monthly average thermal insulation and average 

temperature in Ecotect software 
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Table 1. The definitions of the materials 
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Wall: brick cavity concrete 

block plaster 
1.720 4.220 0.428 0 0.41 7.8 0 0 280.0 408565 0.9 0 0 - - - 

Glaze: double glazed alum  
frame 

2.700 2.800 0.81 0.639 - - - - 0 0.000 0.78 0 0 1.74 0.42 0.56 

Floor: concrete slab on ground 0.880 6 0.467 0 0.3 4.6 0 0 0 0 0.9 0 0 - - - 

Void 5.618 10 0.001 0.999 1 0 0 0 0 0 0.86 0 0 - - - 

Ceiling: plaster insulation  

suspend 
0.500 0.900 0.368 0 0.32 0.7 0 0 210 13.295 0.9 0 0 - - - 

 

 
Table 2. Software configuration 

Setting of the areas thermal comfort limitations 

1) People clothes in work continuous situation 

2)  Internal relative humidity amount with due attention to field 

studies and comfort domain 

3)  Wind current speed 

4)  Weather data watch to watch ten years of considered cities 
accordance to ECOTECT format 

5)  lightening amount for passageway space and lights inter 

6)  Average of present people number in light thermal area 

7)  Energy inexpert for walking activity into light 

8)  Amount of internal attraction 

9)  Accessible amount of the wind 

10)  Schedule of beginning works and time and keep silent 
installation in light adjacent spaces 

11)  Comfort domain of official spaces temperature 

 

 

meets thermal comfort standards while also maximizing 

energy efficiency in a cold climate.  By systematically 

assessing these variables and conducting thorough 

analyses, the study aims to recommend the most suitable 

building design for residential buildings in cold and dry 

climates. The goal is to optimize lighting, energy 

efficiency, and thermal comfort to create comfortable and 

sustainable living spaces. 
 

 

RESULTS AND DISCUSSION 
 

Ecotect software 

The choice of Ecotect software for conducting 

simulations in the research is well-founded and supported 

by previous studies and research practices (34, 35). Here 

are some key points highlighting the advantages and 

capabilities of Ecotect. High Accuracy: Ecotect 

simulations are widely recognized for their high level of 

accuracy. The trust placed in this software by researchers 

is a testament to its reliability in predicting building 

performance (36). Comprehensive Analysis: Ecotect 

offers a comprehensive set of performance analysis 

functions, making it a versatile tool for evaluating various 

aspects of building performance, including thermal, 

lighting, and acoustic analyses (37). 3-D Design 

Interface: The software combines a user-friendly 3-D 

design interface with analysis functions, making it 

intuitive for designers and architects to work with. This 

feature aids in integrating performance analysis 

seamlessly into the design process (38). Performance 

Metrics: Ecotect provides a range of performance metrics, 

including hourly thermal comfort, monthly space loads, 

natural and artificial lighting levels, acoustic reflections, 

reverberation time, project costs, and environmental 

impact. This wealth of data enables researchers to assess 

building performance comprehensively. Sustainability 

and Cost Benefits: Ecotect simulations can contribute to 

designing buildings that reduce global warming potentials 

and lower operational costs. This is a significant 

advantage, especially in today's environmentally 

conscious and cost-conscious building industry. Early-

Stage Analysis: The ability to simulate building 

performance during the design stage is invaluable. It 

allows architects and designers to make informed 

decisions that can lead to more sustainable and efficient 

building designs. Environmental Analysis: Ecotect is 

particularly well-suited for environmental analysis, 

including solar exposure, energy distribution, 

temperature distribution, and heat loss/gain assessments. 

This capability is essential for understanding a building's 
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environmental impact and energy efficiency (39). 

Overall, the selection of Ecotect as the analysis software 

for the study appears to be a sound choice, given its robust 

capabilities and track record in building performance 

analysis. It aligns well with the goals of improving 

building sustainability and reducing operational costs 

while providing accurate insights into various 

performance aspects. 

 

Modeling 

In the first step of the research, a base design inspired by 

existing buildings in Tabriz city was used as the starting 

point. This base design was then replicated across 

multiple floors. Let's take a closer look at the different 

design plans mentioned: 

Plan A: The initial design is characterized by a parking 

lot and a staircase on the first floor. The upper floors 

feature bedrooms in the northern part of the building and 

a hall area in the southern part. This design aims to 

preserve the existing building pattern and layout. 

Plan B: In this variation, the interior design of the second 

floor was modified. Changes were made to the location 

and number of windows on this floor. 

Plan C: Plan C involves simultaneous changes to the 

second and third floor layouts, including alterations to the 

number and placement of windows. 

Plan D: This plan introduces changes to the layout of 

rooms, the kitchen, and the placement of windows. 

Although the general layout across the three floors 

remains the same, it differs from the basic design in 

specific aspects. 

Plan E: In Plan E, the location of the kitchen on the first 

floor is shifted, while the layouts of the other two floors 

remain unchanged. 

Figure 7 provides a visual representation of the base 

design (Plan A) of the residential building in Tabriz city. 

Figure 8 showcases the modeling of the base plan of the 

building in various design modes, which are intended for 

analysis and comparison of energy consumption using 

Ecotect software. 

These different design plans offer a way to explore 

how variations in building layout and interior design 

impact energy consumption and overall building 

performance. By comparing these plans, it can identify 

which design best aligns with the objectives in terms of 

energy efficiency, comfort, and functionality in the 

context of a cold and dry climate. 

Figure 8 displays the modeling of Plan A, the base 

design, in various design modes. These different design 

modes are analyzed and compared using Ecotect software 

to evaluate their energy consumption and performance. 

This comparative analysis aims to identify which design 

mode offers the most efficient and sustainable energy use 

within the context of the cold and dry climate of Tabriz 

city. 

 
 

 
Figure 7. Plan A of residential building in Tabriz city 
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Figure 8. Design of 4 different modes of residential buildings in Tabriz city for analysis and comparison of energy consumption in 

Ecotect 

 

 

Software analysis and simulation 

The simulation results, based on the analysis of four 

different modes in the residential building of Tabriz city, 

provide valuable insights into energy gains and losses. 

Figure 9 illustrates the graph of fabric gains, with the left 

side showing working hours and the right side displaying 

the values of fabric gains. In this graph, yellow represents 

absorption, while blue represents thermal waste. Here are 

some key findings from the energy analysis: 

Energy Changes Throughout the Day and Year: The 

analysis evaluates energy absorption changes over a 24-

hour period and across twelve months of the year. This 

comprehensive approach allows for a detailed 

understanding of how energy performance varies with 

time. 

Variations in Building States: The study assesses five 

different simulated building states, which likely represent 

variations in room arrangement and window 

configurations. These variations are important for 

understanding how design choices impact energy 

absorption. 

Significance of Room and Window Arrangement: 

The research highlights the significance of changes in the 

arrangement of rooms and windows in influencing energy 
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Plan Fabric Gains 

A 

 

 

B 
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D 
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E 

 

 

Figure 9. Analysis of fabric gains data, four different modes  

 

 

absorption and thermal performance. Different room and 

window configurations can lead to varying levels of 

energy gain or loss. 

Mode B: High Energy Absorption: The analysis 

indicates that Mode B exhibits the highest energy 

absorption during the months of December to January, 

particularly between 12:00 and 14:00. These hours 

represent a peak period of energy absorption across all 

samples, with variations in the amount of energy 

absorption depending on the specific design mode. 

Overall, these results suggest that the arrangement of 

rooms and windows has a substantial impact on energy 

absorption in the building. Mode B appears to excel in 

terms of energy absorption during specific times and 

months, emphasizing the importance of design choices in 

optimizing energy efficiency and thermal performance in 

the context of Tabriz city's climate. 

Figure 9 clearly demonstrates that Mode B exhibits 

the highest absorption of solar energy and the lowest 

transmission of solar energy into the building during the 

months of December to January. This finding underscores 

the effectiveness of Mode B in capturing and utilizing 

solar energy for heating or other purposes, while also 

minimizing the amount of solar energy that escapes or 

penetrates the building during the coldest months of the 

year. This outcome suggests that Mode B is particularly 

well-suited for optimizing thermal performance and 

energy efficiency in the context of Tabriz city's cold 

climate during this specific time period. 

 

Comparative analysis  

Table 3 presents the analysis results for all types of 

building models and facilitates a comprehensive 

comparison among them. The goal is to identify the best 

model based on the criteria of minimum solar energy 

transmission and maximum solar energy absorption in the 

specific context of Tabriz's cold and dry climate. The 

research's primary objective is to determine the optimal 

building model that can achieve energy savings during the 

cold seasons. According to the analysis conducted using 

Ecotect, the key findings are as follows:  

High Solar Absorption Leads to Lower Energy 

Consumption: The analysis underscores the importance 

of high solar absorption in reducing energy consumption, 

particularly during the cold winter months. 

Mode B is the Best Model: Among the various building 

models considered, Mode B stands out as the best model. 

It exhibits the highest solar energy absorption and the 

lowest energy losses during the cold winter, making it the 

most energy-efficient option for Tabriz's climate. 

Figure 10 provides visual representations of the plan 

and cross-section of the building in different floors for 
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Mode B, showcasing the design that has been identified 

as the most effective in terms of energy savings and 

thermal performance during cold seasons. This research 

contributes valuable insights into optimizing building 

design for energy efficiency in cold and dry climates. 

 

 
Table 3. Comparative analysis of absorption and losses of solar 

energy for difference modes in residential buildings 

Building models 

analysis 
Time 

Fabric Gains (Wh) 

July 

Mode A 

12 40631 

13 41028 

14 39294 

Mode B 

12 41415 

13 41767 

14 39979 

Mode C 

12 39573 

13 40008 

14 38427 

Mode D 

12 39808 

13 40399 

14 38989 

Mode E 

12 39526 

13 39947 

14 38356 

 

 

 
Figure 10. Optimum design of residential building for energy 

efficiency in Tabriz, mode B 

 

 
CONCLUSION 
 
With the rapid development of construction in Iran and 

the growing concern over gas energy shortages, the focus 

on energy-efficient and sustainable building development 

has intensified. This shift in focus not only aims to 

enhance the comfort of occupants but also seeks to reduce 

the gas energy consumption of buildings. Ecotect, with its 

capacity to visually and clearly analyze solar radiation, 

hourly solar exposure, fabric gains, and energy 

distribution within buildings, plays a crucial role in this 

endeavor. 

This paper investigates the optimal building design 

in residential buildings, particularly tailored to the cold 

and dry climate of Tabriz. Given that many cities in Iran 

experience dry and cold winters, the energy consumption 

of residential buildings tends to be significantly high. The 

research in Tabriz, which faces a cold and dry climate, 

seeks to identify the most energy-efficient building 

design for cold seasons. 

Based on the analyses conducted using Ecotect, the 

findings reveal that high solar absorption leads to lower 

energy consumption. Specifically, "Plan B" emerges as 

the optimal model, exhibiting maximum absorption and 

minimal energy losses during the cold winter months. The 

results demonstrate that the design of "Plan B" achieves 

the highest energy conservation in residential buildings, 

with fabric gains reaching 41,767 Wh. Additionally, 

"Plan A" shows notable energy conservation, with 

average fabric gains of 41,028 Wh during July, 

particularly between 12:00 to 14:00. 

Furthermore, by utilizing simulation software, 

designers can proactively consider various ecological 

energy-efficiency methods during the early stages of 

design, contributing to more sustainable and energy-

efficient building solutions. 
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Persian Abstract 
 چکیده 

به حداقل    یبرا  یارائه مدل  یبرا  یانرژ  یسازهیسرد و خشک با استفاده از شب  میبا اقل  زیدر شهر تبر   یساختمان مسکون   کی  یانرژ  لیتحل  پژوهش  نیا   از  دفه

در    دمان ی چ  الت ح  5متر مربع با استفاده از    181سه طبقه با ابعاد    ی واحد ساختمان   ک ی در    ی مصرف انرژ  لیتحل  ی اسهیاست. مدل مقا   ی رساندن مصرف انرژ

نمودار    51در    یدر مصرف انرژ  ییجومختلف از نظر صرفه  یهاها و تعداد پنجرهاتاق  دمانیطرح با چ  5کف، سقف، پنجره و در ارائه شده است. تعداد    وار،ید

  ت یساختمان در سا   یآمده به طراح  دست به    جیانتخاب شد. در مرحله بعد با توجه به نتا   یدر مصرف انرژ  ییجو صرفه  نهیشد و طرح به  سهیمختلف با هم مقا

.  دیآیروز سال به دست م  نی سردتر  یمنطقه حرارت  یبرا  یانرژ  یدر ساختمان، نمودارها  یجذب انرژ  زانیم  ی به منظور بررس  انیشود. در پا یمورد نظر پرداخته م

وات ساعت است. پس از آن، پلان    41767مقدار بهره پارچه    با   ب پلان    ی مربوط به طراح  ی ساختمان مسکون   ی مصرف انرژ  ن ی ترنهیدهد که بهینشان م  ج ی نتا

  یوربهره  یبرا  پژوهش   نی ا  جی دهد. نتاینشان م  ی وات ساعت در ماه جولا  41028را در ساختمان با مقدار بهره پارچه    یمصرف انرژ   نی ترنهیشده الف، به  یطراح

 . است دی مف ندهیدر آ یطیمح ست یز  تی ریو مد  یمسکون  ی هاساختمان ی انرژ

 

 


