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Abstract

Today, optimization and management of energy consumption are considered as one of the main necessities of operating various buildings. Given the decline in 
production sources of primary energy as well as the produced contaminations due to their consumption, attention toward such matter has doubled. One of the operational 
solutions to controlling energy consumption is to employ and utilize simulation approaches. In this study, a sports building complex including three separate halls in 
Mashhad was simulated using the Design-Builder model. The results of thermal simulations showed that parameters such as walls, glasses, and the roof involve almost 
the same amount of energy loss. Meanwhile, the energy loss due to external infi ltration exchanges of the building leads to the highest extent of energy loss, with a rate 
of 66.28 KBTU/h. Furthermore, at the end of the study, the relationship between the production of carbon dioxide contaminant and the electrical energy consumption for 
cooling was indicated and examined. Moreover, assessment and zoning were carried out on how optical distribution resulted from solar radiation takes place in the sports 
building.

Introduction

Today, air pollution can be introduced as one of the main 
environmental challenges in developing societies. However, 
some of these types of contamination can lead to severe 
chronic and acute epidemiological effects on human health 
and the environment [1]. The air pollutants production such 
as carbon dioxide and methane gas leads to warmer layers 
of the atmosphere and raises the earth’s temperature [2]. 
On the other hand, due to the increase in temperature, the 

use of cooling systems has increased in the hot seasons and 
in addition to consuming more water, more energy is also 
consumed. So, more pollution from power plant activities is 
released into the environment [3]. This destructive cycle leads 
to irreparable damage to resource loss and the destruction 
of sustainable environmental conditions. Therefore, many 
researchers are looking for applied simulation methods for 
thermal, air conditioning, and environmental assessments 
of buildings in cities [4]. The interaction between design 
elements, climate, users, ventilation, and lighting systems is 
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very complex, and only using energy simulation models, all 
the interfering factors in the process can be investigated. To 
avoid major design defects, engineers need to evaluate the 
building’s energy consumption in the early stages of the design 
process. Energy simulation programs help designers to make 
reliable predictions of building performance based on weather 
conditions and other infl uential parameters [5]. The other 
function of energy simulation models can be their comparative 
capability, in which the effectiveness of different active and 
inactive strategies to reduce energy consumption in terms of 
energy consumption and comfort can be compared, and more 
effective solutions could be selected [6]. Elahi Bakhsh et al. 
(2007) evaluated the effi ciency of energy simulation models 
in the construction industry. In this study, the fi rst twenty 
simulation models were analyzed and reviewed, and then fi ve 
of these applied models were analyzed in more detail [7]. In 
another study, Horfer et al. (2006) compared traditional and 
intelligent energy management models of the building. In this 
study, the advantages of using a controller system compared 
to traditional controllers were fully described [8]. Zomordian 
et al. (2006) in a study validated Design Builder and ECOTECT 
Autodesk simulation software using two experimental and 
comparative approaches [9]. Davoodi et al. (2005) investigated 
and explained the mechanism and function of intelligent 
management in buildings [10]. In another study, Fallahi (2012) 
designed smart home automation to optimize energy, cost and 
reduce pollution production using the BEMS system [11]. Nouri, 
et al. (2008) in a study, presented executive and managerial 
solutions to reduce electricity consumption in public buildings 
[12]. This research also intends to evaluate the changes of 
energy parameters, optical analysis, and carbon pollution in 
the case sample using the Design-Builder simulation model.

Materials and Methods

Case study

This research has been done to simulate a one-story 
building in Mashhad city and consists of three interconnected 
sports halls and its three-dimensional plan are shown in 
Figure 1. 

The user specifi cations of the building

The user specifi cations of the case study building have 
been compiled and modeled based on the climatic conditions 
of Mashhad and international energy standards, including ISO 
50001 and CUP 2017 Energy Standard, the values of which are 
summarized in Table 1.

The material specifi cation

Five types of material combinations for exterior walls, walls 
around the foundation, roof composition, interior partition 
walls, and building fl oor have been used to simulate the case 
study building. The details of these combinations are shown in 
Figure 2.

Table 1: The user specifi cations of the case study sports building in Mashhad

Production Rate CO2

(Btu/h)/(ft3/min))
Child Demographic 

Factor
Women's Gender Factor

 
men's Gender Factor

Population density 
(People .ft-2)

Occupancy Volume 
in Building (ft3)

Occupied Volume of 
the Floor

(ft2)

2.37E-05 0.75 0.85 1 0.025313 108638 9459

The minimum of required 
fresh air (ft3.MinPerson-1)

The upper limit of 
heating temperature (0C)

The Lower limit of 
heating temperature 

(0C)

The upper limit of 
Cooling temperature 

(0C)

The lower limit of 
heating temperature 

(0C)

Operating power 
(W. ft-2)

Thermal radiation 
coeffi  cient

63.566 18 12 28 25 1.3935 0.2

Figure 1: Three-dimensional view of the sports building case study in Mashhadc.

Figure 2: Combination details of materials used in the case study sport building
(A) Walls around the foundation, (B) Exterior walls, (C) Roof composition, (D) 
Internal partition walls, (E) Floor.
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Openings, lighting, HVAC Specifi cations

The type and number of openings are one of the main 
parameters infl uencing energy waste, the number of cooling 
needs (in summer), and heating (in winter). The specifi cations 
related to the openings of the case study sports building are 
stated in Table 2. The type and way of the lighting system and 
air conditioning as well are effective parameters in building 
energy management. Therefore, the technical specifi cations of 
the considered building’s lighting and air conditioning systems 
are summarized in Tables 3 and 4.

Results and discussion

The heating system simulation results case study sports 
building are shown in Figures 3 and 4. It is determined in 
Figure 3; The walls, glass, and ceiling have an average heat 
loss of 22.09, 22.39, and 21.21(KBTU/h), respectively. However, 
the infi ltration of external fl ows with the equivalent of 66/28 
(KBTU/h) creates the most heat loss amount.

As shown in Figure 4, energy waste values and thermal 
design capacity in zone number 3 are more than the other two 
sections.

The energy parameter changes of the case study sports 
building in the 24-hour time series (for July 15) are shown 
in Figures 5 to 7. As shown in Figure 5, the maximum hourly 
temperature around the area of light bulbs, due to solar 
radiation and the temperature resulting from the operation 
of indoor activities occurs in hours 14 to 15. However, the 
humidity levels reach their maximum in hours 8-9, 13-14, and 
19-20. Also, the trend of changes in the amount of fresh air 
entering due to the infi ltration of airfl ow and all ventilators in 
each 4-hour period follows the same rhythm. This amount of 
fresh air infl ow reaches its maximum in the intervals of 7.5-9, 
12.5-14, and 18.5-20.

The fi rst and second parts of Figure 6 is well showed that 
a large part of the consumed energy loads in any building is a 
function of its cooling needs. Also, the amount of consumed 
latent energy by the building follows a consecutive pattern 24 
hours a day. So that the amount of this latent energy reaches 
its maximum in the intervals of 7.5-9, 12.5-14, and 18.5-20.

Figure 7 shows that the maximum heat load is emitted from 

Table 2: Openings technical specifi cations (the case study: sports building)
Percentage of 
opening glass

Sill Height 
(ft)

The distance of 
windows (ft)

Window 
Height (ft)

Window to 
wall ratio

(%)     (%)
5% 2.62 16.4 4.92 30%

Table 3: Technical specifi cations of the lighting system (the case study: sports 
building)

Maximum allowable 
luminosity index

The minimum 
output energy ratio

Visible 
ratio

ccccRadiation 
ratio

The normalized 
energy density 

(W.ft2-fc)

22 0.1 0.18 0.72 0.0367

Table 4: Technical specifi cations of the HVAC system - the case study sports 
building

HVAC Cost 
(GBP.ft-2)

Mains 
Supply 

Delivery 
Temperature 

(0F)

Performance 
coeffi  cient
1DHW [1]

Seasonal 
effi  ciency 

coeffi  cient of 
cooling system

Seasonal 
effi  ciency 

coeffi  cient of 
heating system 

150 50 149 0.85 1.8 0.85
1Date ware house

Figure 3: Thermal parameters Analysis and the amount of heat energy loss in the Case study sports building.



077

https://www.peertechzpublications.com/journals/annals-of-environmental-science-and-toxicology

Citation: Ghadami N, Siamaki M, Pouresmaeil H, Aghlmand R, Gheibi M (2021) Assessing Energy Consumption, Optical Distributions, and Carbon Contaminations 
using the Design-Builder Simulation Model (Case Study: A Sports Building, Mashhad, Iran). Ann Environ Sci Toxicol 5(1): 074-079. 
DOI: https://dx.doi.org/10.17352/aest.000040

the building chimneys. It is also found that roofs, infi ltrating 
airfl ow and glass have the highest heat transfer around 14-15 
hours. While the highest heat transfer of the walls and fl oor is 
achieved in the intervals of 18-20 and 21-22, respectively.

The amounts of electricity and gas consumption during a 
year are shown in Figure 8. As shown in the fi gure, According to 
the cooling needs in the hot seasons, the amount of electricity 
consumption increases. Also, the amount of gas energy 
consumption reaches its maximum in cold seasons. Examining 
Figure 8 shows that the amounts of electrical energy consumed 
for cooling systems are far greater than the electrical energy 
required for lighting systems.

0
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Figure 4: Comparison of heat exchange amount in the three parts- the case study 
sports building.

Figure 5: Changes in temperature, humidity, and fresh air parameters in 24-hour time series.

Figure 6: Changes in thermal value parameters (solar energy and domestic production), system loads, and latent loads in 24-hour time series.
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The production quantities of carbon dioxide pollution for 
the case study sports building in a year are also shown in Figure 
9. Comparing and matching Figures 8 and 9 show that there 
is a direct relationship between electrical energy consumption 
and carbon pollution (CO2) production.

In addition, the annual changes in temperature and annual 
humidity percentage are shown in Figure 10 and the changes 
in the number of energy exchanges resulting from infi ltration 
fl ows and fresh air exchanges (annual) are also shown in 
Figure 11.

In the fi nal part of the analysis, the distribution of incoming 
radiant light to the case study building is simulated and shown 
in Figure 12. Based on this fi gure, it was illustrated that in the 
peripheral areas of the building, required suffi cient light is met.

Conclusion

Due to the populcation increase on the one hand and 

Figure 7: Changes in thermal value parameters (ventilation systems and the study 
building) in 24-hour time series.

Figure 8: Changes in the amounts of electricity and gas consumption in different 
months of the year – the case study sports building.

Figure 9: Changes in the amount of carbon dioxide emissions in different months of 
the year – the case study sports building.

Figure 10: Changes in temperature and humidity in different months of the year – 
the case study sports building.

Figure 11: Changes in the amount of energy from infi ltration fl ows and fresh air 
exchanges in different months of the year – the case study sports building.

Figure 12: Light Distribution from solar radiation - the case study sports building.
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the energy resources decrease on the other hand, energy 
consumption management has received widespread attention. 
To achieve this, many designers and building engineers sought 
to evaluate changes in effective parameters throughout the 
year using energy simulation systems. One of the practical 
tools in the fi eld of building energy simulation is the Design-
Builder model. In the fi rst step, this study modeled a three-
part sports building in the Mashhad. Then by defi ning and 
allocating practical parameters, consuming materials, lighting 
system, opening system, and air conditioning system (HVAC), 
changes and exchanges of energy loss in components such 
as an external wall, partition walls, roof, ground fl oors, and 
external fl ows of the building were examined. The results 
showed that the highest rate of energy exchanges is equal to 
66.28 (KBTU/h) by sports building. Also, part number (3) of 
the gym is designed with the maximum amount of energy loss 
equal to 330/22, with the maximum capacity.
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