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Abstract 
 

In this study, the environmental effect (CO�) of rock wool as a mineral insulation material and expanded polystyrene as a 
polymer insulation material for a residential building is studied. Initially, the intended building is simulated in Design 
Builder for warm-dry climate regions like Yazd and Isfahan cities and then the effect of different thicknesses of these two 
insulation materials inside the external wall of the building is studied towards optimizing the thickness value 
environmentally. Despite the CO� emissions generated by cooling and heating systems while consuming energy throughout 
the year, embodied CO� values in the manufacturing process until installation are also considered. Eventually, using the 
Energy Plus simulation engine inside Design Builder and MATLAB software, the environmental optimum insulation 
thickness regarding emission and embodied values of CO� for a lifetime of ten years in warm-dry regions of Iran such as 
Yazd and Isfahan cities are calculated. These values for expanded polystyrene are found to be 20 cm for Isfahan and 19 cm 
for Yazd and values for rock wool are 11 cm for Isfahan and 10 cm for Yazd. Thus, a mineral insulation material such as 
rock wool has a smaller environmental optimum insulation thickness than a polymer insulation material such as expanded 
polystyrene. 
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1. Introduction 
 

Considering the facts like significant increase in 
population in the last decade, recent changes in the 
climate due to destruction of the ozone layer, more 
urban activities taking place as a result of cities 
becoming more and more industrialized and 
immigrations to large cities so that nowadays the 
buildings section produces 25% of the total CO� and 
consumes 25%-40% of the total global energy [1], 
the necessity of thermal protection in residential 
buildings is felt more than ever. One of the most 
common solutions to reducing energy loss which is 
usually in the envelope of buildings is thermal 
insulation [2]. Also, CO� production will 
significantly decrease by using thermal insulation 
[3]. It must be noted that increasing the thickness of 
insulation will lead to a decrease in CO� production 
and costs associated with energy consumption and a 
raise in costs and CO� production associated with 
insulation production and installation [4]. Thus, an 
optimization procedure must be applied to get the 
most out of a building at both construction and 
operation phases. The first step towards 
optimization is an accurate simulation of heating 
and cooling loads and for this, different buildings 
thermal activity simulation softwares such as 
BLAST, SPARK, MATLAB and DOE-2 were 
developed [5-7]. Underwood et al solved the 
buildings thermal activity mathematical mode  
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equation for the first time in 1999 using Simulink 
[8,9] and since then, mathematical models that 
describe building thermal activity have been more 
noticed. After that, Mendes et al [10,11] developed 
energy equilibrium equations in buildings with 
transient conditions and solved them by using 
numerical methods [12]. One of the simplest 
methods that is applied under static conditions to 
evaluate transmission loads is the degree-day/hour 
method. Alsayed and Tayeh [13], Sagbansua and 
Balo [14], and Kurekci [15] all used this method to 
determine the optimum insulation thickness for their 
case. On another hand, a limited number of studies 
evaluated the transmission load by using the more 
accurate transient heat transfer methods under 
dynamic conditions. Furthermore, Özel et al [16,17]. 
indicated that determining the optimum insulation 
thickness must be done by considering two 
parameters: environment and economy. Moreover, 
Ozkan and Onan [18] carried out an additional 
environmental analysis to prior ones to investigate 
the effects of the type of fuel and insulation material 
in four different climate zones. E. Amiri [19] 
illustrates the importance of considering embodied 
carbon and embodied energy into account when 
determining the optimum insulation thickness while 
carrying out a 3E analysis [20]. In this study, a 
sample building from mass construction maps is 
chosen and modelled using Design Builder which is 
one of the most complete softwares in thermal 
analysis. The sample building is initially drawn then 
walls construction, openings, cooling and heating 
systems, building application, etc… are applied to 
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finally calculate the corresponding thermal load, energy consumption and CO� emissions.
The energy simulation engine of this software is 
Energy Plus which is built by U.S department of 
energy and is one of the most accurate softwares in 
energy basis and has a very high calculation 
accuracy. Insulation materials used in this study are 
Expanded Polystyrene (EPS) which is one of the 
most commonly used insulation materials and rock 
wool. Simulations are carried out for two cities in 
Iran with warm-dry climate which are Yazd and 
Isfahan. Then, embodied CO� and emission values 
resulted from simulations are fed into a code in 
MATLAB to determine the optimum insulation 
thickness. The thickness with least total CO� 
emissions is taken to be the optimum. Eventually, 
results for both insulation materials are compared to 
each other. 
 

2. Case Study 
 
The intended building plan is chosen from mass 
construction maps to be a typical 4 story, 16 units 
building. East sided apartments are 96 square 
meters, west sided apartments are 128 and the 
overall foundation is 1780 square meters. Fig. 1. 
shows the plan of one floor of the building. 
 

 
 

Fig. 1. Floor plan. 
 

The ground floor contains the parking, storerooms 
and the janitor room and every apartment contains 
two bedrooms, a bathroom, a washroom and a 
kitchen. Four people with an adult metabolism are 
considered in every apartment. 
Using Design Builders features, walls construction, 
openings, cooling and heating systems, building 
application, schedules of lightings, occupants and 
different equipment are configured. 

etc… are accurately applied and even operating The 
final model of the building from Design Builder is 
presented in Fig. 2., in which parts such as the 
compound and trusses aren't modelled because they 
don't affect thermal calculations. 
 

 
 
Fig. 2. Case study building modelled in design builder 
software. 
 
2.1. Climate 
 
Fig. 3. shows the regional map of Iran with 
considered cities pointed to and Geographic 
specifications of the cities are presented in Table. 1.. 
 

 
 
Fig. 3. Climate zones of Iran and selected cities in this 
study.

 
Table. 1. Certain Data for Selected Cities. 

 
Summer outdoor 

design 
temperature ( ��

� ) 

Winter outdoor design 
temperature 

( ��
� ) 

Latitude 
(deg) 

Longitude 
(deg) 

Elevation 
(m) 

Climate City 

43 -8 32.47 51.67 1549 Moderate Isfahan 

47 -4 31.89 54.28 1237 Warm dry Yazd 
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2.2. The Structure of External Walls 
 
External insulation of buildings reduces the need for 
space heating and cooling. Additional benefits 
include increased occupant comfort, reduced 
requirements for heating and cooling systems 
capacity. In this study, a hypothetical house is 
considered with the external wall built as composite 
structure, which is generally formed with bricks in 
the middle, plaster layers on both sides, insulation 
material on the inside of the brick layer and granite 
on the most outside layer. 
This structure is used for heat losses calculations of 
external walls for all cities considered. The structure 
of the external wall is shown in Fig. 4.. 
The structure of external wall consists of 2 cm inner 
plaster (k=0.698 � 	
� �
�), insulation material 
(expanded polystyrene standard, k = 0.03 
� 	
� �
� and Rock wool, k=0.04 � 	
� �
�), 
10 cm horizontal hollow brick (k=0.485 
� 	
� �
�), 1.5 cm mortar (k=0.83 � 	
� �
�) 
and 1.5 cm outer granite stone (k=3.49 
� 	
� �
�). In this study, the thickness of 
insulation material is considered as a variable to be 
optimized therefore it changes with every 
simulation. 
 

 
 

Fig. 4. Structure of the investigated external wall. 
 
3. Methodology 
 
Embodied carbon over a life cycle of a building is 
generated through a cycle that starts with the 
extraction of raw materials and ends with buildings 
life end as follows: 
1. Extraction of raw materials, 
2. Transportation of raw materials to manufacturer. 
3. Manufacturing building materials. 
4. Transportation to site. 
5. Construction. 
6. End of building life. 
The amount of the total CO� as the sum of the 
produced CO� from the energy consumption in 
cooling and heating sections in the operation phase 
and embodied carbon of the insulation was obtained 
from Energy Plus simulation engine inside Design 

Builder software which can be also calculated using 
Eq. (1). [20]: 
 

��� = � × �
���� + 
���� + (
��� × ����)       Eq. 1 
 
In which !"�# refers to total produced CO�, !"�$% 
indicates the amount of CO� produced from annual 
electricity consumption and !"�& indicates the 

amount of CO� produced from annual gas 
consumption which can be both calculated using Eq. 
(3). and Eq. (4). Also, the mass of the insulation 
'()* can be calculated using Eq. (2). and !"�+ 
refers to the embodied carbon per mass unit of the 
insulation[20]. 
 
���� = ,- × .��� × /���         Eq. 2 

���� = 01 × 02�         Eq. 3 

��� = 3 × 02�          Eq. 4 
 
In above equations the thickness of insulation, 
density of insulation, and area of the wall building, 
were shown by 4()*, 5()*, and 67 receptively. 
Moreover, 89: and 89; refer to carbon emission 
factors for electricity and gas. 
 
4. Results and discussion 
 
In this study, the optimum insulation thickness of a 
typical house at two different cities in Iran has been 
environmentally studied. As it can be seen from Fig. 
5. and Fig. 6., CO� emissions produced from energy 
consumption inside the building decreases as the 
insulation material thickness increases. 
The decrease in CO� emissions by using EPS is 
more than by using rock wool. It can also be seen 
from Fig. 7. that with the increase of insulation 
material thickness, embodied CO� values also 
increase and this increase is more significant for 
EPS than rock wool which clearly shows the 
devastating environmental effects (CO�) of 
producing expanded polystyrene insulation material. 
By summing the embodied CO� values with annual 
CO� emissions for a ten year period, Fig. 8. and Fig. 
9. are produced and the optimum insulation 
thickness can be derived from them. 
The environmental optimum insulation thickness for 
EPS insulation is found to be 20 cm for Isfahan city 
and 19 cm for Yazd. 
Also, the environmental optimum insulation 
thickness for rock wool is found to be 11 cm for 
Isfahan and 10 cm for Yazd. It must be noted that 
only the environmental aspect has been taken into 
account for the determination of the optimum 
thickness. 
Therefore, the optimum insulation thickness is 
found to be so high because of the absent of other 
aspects like economy. 
Overall, regarding prior studies is Iran, the optimum 
insulation thickness from an energy-economical 
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aspect for EPS has an average value between 4 cm 
and 5 cm and for rock wool, it has an average value 
between 8 cm and 10 cm. 
Using results from this study, a 4 to 5 cm thickness 
of EPS has a total CO� emissions of 455 <= 	
� for 
Isfahan city and 425 <= 	
� for Yazd. 
Also, an 8 to 10 cm of rock wool insulation has a 
total CO� emissions of 435 <= 	
� for Isfahan city 
and 420 <= 	
� for Yazd. 
 

 
 
Fig. 5. Effect of insulation thickness on annual �>� 
emissions in Isfahan city. 
 

 
 
Fig. 6. Effect of insulation thickness on annual �>� 
emissions in Yazd city. 
 

 
 
Fig. 7. Variations of embodied �>� vs insulation 
thickness. 

 
 

Fig. 8. Total �>� emissions for different insulation 
thicknesses in Isfahan. 
 

 
 

Fig. 9. Total �>� emissions for different insulation 
thicknesses in Yazd. 
 
5. Conclusions 
 
One of the best ways to reduce buildings energy 
consumption, overall cost and total CO� emissions is 
to limit heat loss/gain through external walls. This 
study’s overall conclusions are:  
1. An environmental optimum insulation thickness 
for a lifetime of 10 years was calculated for two 
selected cities with warm-dry climate in Iran which 
are Isfahan and Yazd. 
2. As resulted, any increase in insulation thickness 
leads to a decrease in CO� emissions. But the 
increase in insulation thickness towards reducing 
energy consumptions and CO� emissions causes an 
increase in embodied CO� values. Hence, to 
determine an environmental optimum insulation 
thickness both embodied and emission values of 
CO� must be taken into account. 
3. Results also show that expanded polystyrene 
which is a polymer insulation material has more 
harmful effects on the environment while also 
having a bigger optimum insulation thickness. 
4. The use of a mineral insulation material such as 
rock wool is more environment friendly. 
 
References 
 
[1] M. Dixit, J. Fernández, S. Lavy and C. Culp, 
Energy Build., 42, (2010), 1238. 



 

 

15 

 Journal of Environmental Friendly Materials, Vol. 3, No. 2, 2019, 11-15. 

 

[2] Ö. A. Dombayci, Ö. Atalay, Ş. G. Acar, E. Y. 
Ulu, and H. K. Ozturk, Sustain Energy Techin., 22, 
(2017), 1. 
[3] Q. Jin, F. Favoino and M. Overend, Energy, 127, 
(2017), 634. 
[4] Saafi, Khawla, and Naouel Daouas. "A life-cycle 
cost analysis for an optimum combination of cool 
coating and thermal insulation of residential 
building roofs in Tunisia." Energy, 152 (2018). 
[5] D. Hittle The building loads analysis and system 
thermodynamics (BLAST) program, CERL, 
Technical Report, US Army construction 
engineering research laboratory, Champaigon, 
Illinois, (1977) E-119. 
[6] K. BLAST, Building loads analysis system 
thermodynamics, User’s manual, Version 3, 
University of Illinois, Urbana, Champain, Blast 
support office, Il., USA, (1986). 
[7] L DOE. Engineers manual, version 2.1A, LBL 
11353, Lawrence Berkeley laboratory, the national 
technical information service (NTIS) provides DOE-
2 documentation De-830-04575, Berkley CA, 
(1982). 
[8] G. Hudson, Underwood C P. "A Simple building 
modelling procedure for MATLAB/Simulink", 
Proceedings of the 6th International Conference on 
Building Performance Simulation (IBPSA99), 
Kyotojapan, (1999), 2, 777. 
[9] T. Kusuda, Hill J E, Liu S T, Barnett J P, Bean J 
W. Pre-design analysis of energy conservation 
options for a multi-story demonstration office 
building, Final Report National Bureau of standards, 
Washington DC,(1975). 
[10] A. Al-Turki, and G. M. Zaki, Energy Convers. 
Manage., 32.3 (1991), 235. 
[11] J. S. Lim and A. Bejan, Heat Trans Eng., 
(1994), 15, 35. 
 [12] N. Mendes and G. Santos, Dynamic analysis of 
building hydrothermal behavior, proceeding of the 
7th Int IBPSA Conference Building Simulation, Rio 
de janiro, Brazil., (2001), 1, 117. 
[13] M. F. Alsayed and R. A. Tayeh, J. Build. Eng. 
(2018), 22, 101.  
[14] L. Sagbansua and F. Balo, Energy Build., 
(2017), 148, 1. 
[15] N. A. Kurekci, Energy Build., (2016), 118, 197. 
[16] M. Ozel, Appl. Therm. Eng., (2019), 147, 770.  
[17] N. Daouas, Z. Hassen and H. Ben, Appl. 
Therm. Eng. (2010), 30, 319.  
[18] G. Özel, E. Açikkalp, B. Görgün, H. Yamik 
and N. Caner, Energy Technol. Assess., (2015), 11, 
87.  
[19] D. B. Özkan and C. Onan, Appl. Energy, 
(2011), 88, 1331.  
[20] E. A. Rad and E. Fallahi, Constr Build Mater., 
(2019), 205, 196. 


