
Optimization of thermal insulation 
material and thickness for building 
energy efficiency in Mediterranean 
climates based on life cycle 
perspective

Abstract
Optimizing thermal insulation thickness to save energy and reduce carbon 

emissions in Mediterranean climates is important. Many standards and regula-
tions on energy efficiency or thermal insulation focus insulation thickness with-
out considering life cycle energy efficiency or environmental impacts. This may 
lead to unexpected and undesirable results. A new approach for identifying the 
optimal insulation material and thickness has been applied to a multi-storey res-
idential building in a Mediterranean climate in Turkey. The approach considers 
life cycle energy consumption, carbon emissions and cost. Energy performance is 
calculated with details of occupancy, lighting system and internal gains. Results 
are compared with those of the same building in a cold climate region to show 
how climate affects life cycle energy and carbon performance. The results of the 
study show that if insulation thickness is not optimized for a material’s entire life 
cycle, it may end up being less efficient, more expensive, and have greater carbon 
emissions than expected, especially in Mediterranean climates.
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1. Introduction
1.1. Background information and 
literature overview

The International Energy Agency re-
ports that ‘buildings are responsible for 

in buildings is a relevant topic for many 
countries due to factors related to the 
environment, economy and energy 
consumption. Each country has de-
termined its own future targets about 
energy efficiency and carbon emissions 
of buildings. The European Union 

-
-

the EU has made ‘the recast of Ener-

-
imum requirements for buildings’ en-

efficient retrofitting is as important as 
energy efficient design because many 
existing buildings do not meet energy 
performance standards.

Energy consumption of buildings 
affect building’s carbon emission and 
energy cost significantly. Therefore, en-
ergy efficient building is an important 
issue for energy saving, carbon emis-
sion and cost reduction. Energy effi-
cient building design depends on some 
criteria such as climate, building’s ori-
entation, distance between buildings, 
window-wall ratio and building en-
velope’s thermo physical properties. 
As it is known, most of the energy 
efficient building design criteria such 
as orientation and distance between 
buildings couldn’t be consider in built 
environment. Thus, building envelope 
design has important role in energy 
efficient building design. Increasing 
thermal mass and reduction heat loss 
from building envelope are major is-
sues for energy efficiency in envelope 
design. Increasing thermal insulation 
is most common strategy for reducing 
heat losses especially in cold climates 
but thermal mass is an important ap-
proach for hot climates. Manioğlu and 
Yılmaz compare traditional house and 
modern house envelope from point of 

thermal mass’ effect on comfort condi-
-

tional house envelope, which is made 
with 1,2m. stone,  have better surface 
temperature performance according to 
comfort zone than modern house enve-

Increasing thermal mass related with 
solar gain but, increasing thermal mass 
couldn’t be apply in built environment 
because of distance between buildings. 
Moreover, increasing thermal mass 
couldn’t be done because of architec-
tural restrictions such as constructing 
thick walls in high rise new buildings 

showed that adding or increasing ther-
mal insulation thickness are most com-
mon or well-known strategy for energy 

Therefore, reduction heat loss from 
building become one of major strate-
gy for energy efficient building design 
in built environment and retrofitting. 
Thick thermal insulation on building 
envelope reduce energy consumption 
and carbon emission in cold climate 
but it performs differently in Mediter-

on thermal insulation in Mediterra-
nean climate because of reasons as it is 
stated above.

Optimum insulation thickness has 
been studied using the number of heat-
ing and cooling days in different cli-

and with respect to fuel type, glazing 
area and achieving low energy targets 

-

-
sition and material vary by climate, with 
different results based on thickness and 

-
ies have addressed the effect of thermal 
insulation on cooling and total energy 

-
ly, energy performance standards in 

low U values for building envelopes, 
towards increasing energy efficiency. 

warm climates increase primary en-
ergy consumption. Cooling set points 
and internal gains from equipment sig-
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nificantly increase cooling energy con-
sumption in warm climates. Therefore 

that instead of ‘the lower U value the 
better’ it should be ‘the higher U value 

optimum thermal insulation thickness 
varies by climate. Optimization studies 
have generally focused on heating and 
cooling energy consumption but have 
not considered lighting and domestic 
water heating. 

 Optimum cost is another relevant 

declaration on energy efficiency in 

thermal insulation materials has been 
-

-

framework decision making focused 
on energy efficient measures. Optimal 
cost depends on climate, building ty-
pology, user behaviour and efficiency.

Environmental effects of different 
thermal insulation materials have also 
been studied throughout their life cy-
cles with cradle to grave approach  
based on environmental, energy and 
cost performance in different climates 

-

decision system for selecting thermal 
-

or wall types and insulation materials 

energy consumption were included 
but not lighting, but lighting appli-
ances can have a significant effect on a 
building’s operational primary energy 
consumption and heat gain. Likewise, 
occupancy schedule, activity level and 
household appliances’ schedule were 

that insulation material life cycle per-
formance, energy performance calcu-
lation methodology and assumptions 
affect optimum insulation thickness.

Generally, optimum thermal insu-
lation thickness is calculated without 
considering building’s life cycle energy, 

environmental and cost performance. 

cycle energy, environmental and cost 
performance of the building with unde-
tailed calculations while determination 

is known energy consumption level in 
operational period during building’s 
life cycle affect energy consumption, 
environmental and cost performance 

and activity level, heat gains from light-
ing system and household equipment 
are not taken into account in the en-
ergy performance calculations. There-
fore, energy performance in operation-
al period should calculate with detailed 
assumptions. Occupancy, activity level 
and gains from lighting equipment sig-
nificantly affect energy consumption of 
building. These factors’ effect on build-
ing’s energy consumption are noted 

-
tion approach is required that includes 
detailed energy performance calcula-
tions for a building’s entire life cycle.

1.2. Aim of the study
Thermal insulation have significant 

effect on building’s life cycle energy 
consumption, carbon emission and 
cost performance according to climate 

primary aim of this study is to deter-
mine thermal insulation thickness and 
material from life cycle energy, carbon 
emission and cost perspective.  As it is 
known operational stage in building’s 

-
sumption of entire life cycle. Therefore, 
energy performance calculations are 
done with detailed assumptions on oc-
cupancy, activity level, and gains from 
lighting system and household equip-
ment. Comprehensive calculations 
were done for a multi-storey residen-
tial building in İzmir, Turkey, which 

insulation materials and thickness are 
compared towards optimum solutions 
based on life cycle energy consump-
tion, carbon emission, and cost in a 
Mediterranean climate. Energy per-
formance and thermal insulation stan-

U values for building envelopes to save 



on energy saving and carbon emission 
reduction change according to climate 
and building type. Therefore, results 
compared with cold climate (Erzurum, 

on energy consumption and carbon 
emission in Mediterranean climate. 
The secondary aim of the study is to 
demonstrate the need to revise stan-
dards on energy efficiency to include 
life cycle energy and environmental 
performance while considering climate 
and building typology.

2. Approach 
The approach, which determine op-

timum thermal insulation thickness 
and material, are formed of six steps as 
follows,
1. determining thermal insulation 

material alternatives, 
2. selecting a case study building and 

getting architectural data,
making life cycle energy analysis 

making life cycle carbon emission 

-
lations and
getting results and optimum solu-
tions.

2.1. Determining thermal insulation 
material alternatives

Thermal insulation materials alter-
natives were selected based on usage 
intensity and application possibilities 
in the construction sector. Expanded 

-

are chosen from market’s most used 
thickness.

2.2. Selecting a case study building 
and getting architectural data

A multi-storey residential building 
was selected, which is a typical hous-

units. Architectural plans and mea-

and Tables 1–2.

2.3. Making life cycle energy analysis 
(LCEA) calculations

LCEA is derived from the life cycle 
assessment approach, which considers 
energy consumption of products or 
services for their entire life cycle. Life 
cycle has two different approach which 
are cradle to grave and cradle to cradle. 
Cradle to grave approach identified as 
the entire life of a material or product 
up to the point of disposal, is used in 
this study. According to the European 

-
cle of a building comprises the pro-
duction, construction, use and end of 
building life stages. Life cycle energy 
consumption of the case study building 
were calculated with the method de-

consumption is calculated as primary 
energy in all stages. Limitations on life 
cycle stage of the case study building 

and demolition were not included be-

Table 1. Architectural measures o f the case study building.

Table 2. Construction details of the case study building (TOKI, 
2016).

Figure 1. Architectural plan and thermal 
zones of the case study building.
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cause of lack of information and their 
negligible effects on the overall life cy-

Production stage: Energy consumption 
at the production stage is calculated by 
multiplying the material quantity and 
embodied energy of material (equation 

for embodied energy calculations are 
from a well-known database (ICE, 

Embodied energy consumption of 
all thermal insulation materials were 
calculated but the embodied energy 
consumption of other building 
elements were not included.

Qproduct: Energy requirement for 
producing all the building materials 

 i: Material of concern
mi: Amount of the building material 

wi

Mİ: Energy required to manufacture 

Transportation stage: Energy 
consumption in the transportation 
stage was calculated with equation 2 

all thermal insulation materials are 
supplied from nearest factory to the 
case study building.

Qtransportation: energy requirement for 
transportation of the building materials 

 i: Material of concern
mi: Amount of the building material 

wi

dİ

Tc: Energy consumption of the 

Use stage: Energy consumption during 
the use stage includes the amount of 
energy consumed by the mechanical 
systems in order to provide comfort 
conditions in the building. Energy 
consumption by equipments for 
heating, cooling, lighting and domestic 
hot water were included in primary 
energy consumption in this study. 
Energy consumption was calculated 
with a dynamic calculation method, 

building was assumed to have five 

core used for circulating, which is 

and is lighted with an automatic 
control system. 

the case study building can be seen 

from based on national standards, 
regulations and previous studies (TS 

-
sumptions for each individual housing 

-

Table 3. Limitations on building’s life cycle.

Table 4. Assumptions for case study building (TS 825, 2008; ÇŞB-
BEP, 2010; Yılmaz, Z. et al. ,2016).



appliances and their operating time for 

-
-

bedrooms, corridors and bathrooms. 
The lighting system’s operating time 

2.4. Making life cycle carbon 
emission analysis (LCCA) 
calculations

Life cycle carbon emissions are the 
accumulated carbon emission in all 
building stages. Carbon emissions are 
calculated with the Tier-2 methodolo-

-

-
al carbon emission conversion factors 

C: Carbon emission during a life cycle 
stage (CO2
n: life cycle stage

Ei fuel: Energy consumption per fuel 

ƒCO2: Carbon emission conversion 
factor per fuel type

2.5. Making life cycle cost 
calculations (LCC)

LCC is a cost analysis tool that in-
cludes all building stages. Global cost 
calculation methodology, which is 

standard, was used in this study (EC, 
-
-

is global cost (referred to starting year 
τ l is 
initial investment cost for a measure or 

a

cost during year i for measure or set of 
f, τ

of a measure or set of measures j at the 
end of the calculation period. Rd
the discount factor for year i based on 
discount rate r, calculated as follows:

where p is the number of years from 
the starting period and r is the real 
discount rate. Global cost calculations 

Table 5. Occupancy and activity level schedules (Yılmaz, Z. et al., 
2016; ASHRAE 55, 2010).

Table 6. Power and operating time of the 
electrical equipment (Yılmaz, Z. et al. ,2016).



Optimization of thermal insulation material and thickness for building energy efficiency in 
Mediterranean climates based on life cycle perspective

the case study building life’s span is 

cost calculations. Costs that have 
effects on energy consumption were 
included and other costs were ignored. 
Macroeconomic data, which are 
necessary for global cost calculation, are 

insulation materials and construction 
are from the annual unit price book, 
published by the Turkish Ministry of 

energy costs were provided by local 
energy supply companies (Gediz, 

2.6. Getting results and optimum 
solutions

above and the energy consumption cal-
culations, the case study building was 
divided into end use energy and pri-

consumption accounts for nearly half of 
primary energy consumption and end 

lower than primary energy consump-
-

mary energy conversion factors are 1 

energy consumption dominates annu-
al primary energy consumption in the 

Energy performance analysis should 
be done as primary energy consump-
tion to obtain accurate results.

Table 9 compares the case study 
building’s life cycle energy consump-
tion and carbon emission performance 

table, there is a remarkable difference 
in life cycle energy and carbon emis-
sion performance. Although life cycle 
energy performance in the Mediterra-
nean climate is better than in the cold 

consumption in the Mediterranean cli-
mate significantly affect life cycle ener-
gy consumption and carbon emission. 
Cooling provided by electricity causes 
a large amount of carbon emission, due 
to carbon emission conversion factors 

cooling energy consumption in hot or 
hot and humid climate regions such as 
Mediterranean climates is important 
for reducing primary energy consump-
tion saving and carbon emissions.

Embodied energy consumption and 
carbon emissions of different insula-
tion materials with different thickness-

-
timetre thick glass wool has the lowest 

2, while the same thickness of 
2. 

There is a linear relationship between 
insulation thickness and embodied en-

-

Table 7. Lighting power densities (Yılmaz, Z. et al. ,2016).

Table 8. Case study building’s primary energy consumption 
(kWh/m2 per year).

Table 9. Case study building life cycle energy 
consumption and carbon emission for 50 
year life span.



2 as its thickness increas-

emissions also vary by material and 
thickness such as glass wool’s carbon 

2
2 
-

2 energy 
saving potential, which is nearly equal 
to annual end use energy consumption 

2
2 car-

bon emission reduction from thermal 
insulation material selection. Most of 
the thermal insulation standards and 
regulations focus on the U value of the 

-
ness affect life cycle energy consump-
tion and carbon emissions. Thus, insu-
lation thickness should be determined 
according to a material’s life cycle per-
formance.

-
mal insulation thickness on primary 
energy consumption during the case 
study building’s use stage for Mediter-
ranean and cold climates. Increasing 

2 energy in the Mediterranean 
2 in the cold 

climate. Thick insulation prevents 
night cooling, which is important for 
reducing cooling energy consumption 
in the Mediterranean climate. More-
over, cooling equipment powered by 
electricity increases cooling energy 
consumption due to its high conver-

standards focus on U value and heating 
energy consumption, so they suggest 
low U values for building envelopes for 
greater energy efficiency, especially in 

-
sulation thickness provides less energy 

savings in the Mediterranean climate 
than the cold climate. Therefore, de-
termining insulation thickness should 
consider cooling, lighting, heating, 
building type and climate. Otherwise, 
energy savings expected from increas-
ing thermal insulation thickness could 
be unexpectedly low, for example in 
Mediterranean climates.

-
ent thermal insulation thicknesses 
on carbon emissions during the use 

2
2

carbon emission reduction potential 

kg CO2
2

Cooling with electricity significantly 
increases carbon emission because of 
electricity’s carbon emission conver-

decrease cooling energy consumption 
and carbon emission should focus on 
energy efficiency in the Mediterranean 
climate. Therefore, optimization of 
thermal insulation thickness based on 
multiple factors primary energy saving 
and carbon emission are important for 
countries with Mediterranean climates 
in order to save energy and meet car-
bon emission targets.

increasing insulation thickness on life 
cycle energy consumption and carbon 
emissions. As it is stated before build-

in LCEA and LCC cost results com-
parison building life span assumed as 

-

the Mediterranean climate, increasing 

insulation increases carbon emissions 
while life cycle energy consumption 
decreases. On the other hand, life cy-

Figure 2. Comparison of thermal insulation materials’ embodied energy and carbon 
emissions.
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cle energy consumption and carbon 
emissions decrease with increasing in-
sulation thickness in the cold climate. 
The energy performance of buildings 
during the use stage dominates life cy-

energy consumption in the Mediter-
ranean climate affects primary energy 
consumption and carbon emission. 
Therefore, determining optimum in-
sulation thickness based on life cycle 
performance is important for saving 
energy and reducing carbon emis-
sions, especially in Mediterranean 

-

-
cle energy consumption and carbon 
emissions.

LCC is an important tool for mak-
ing decisions about energy efficiency 
measures in buildings. Life cycle en-

-
sulation material for Mediterranean 

-
sumption, which is affected by ener-

cooling energy consumption, which is 
done with electricity, increase global 
cost significantly. Increasing thermal 
insulation thickness decreases glob-
al cost and energy consumption in all 
thickness in the cold climate, but in the 
Mediterranean climate, global cost in-
creases for increasing insulation thick-

consumption in the Mediterranean cli-
mate is important for energy efficiency 
and cost. Therefore, energy efficiency 
measures should be optimized with 
multiple criteria such as energy, car-

insulation thickness without consid-
ering annual energy consumption and 
cost would give ineffective results for 
Mediterranean climates. In addition to 
global cost, lighting energy consump-
tion, which increases cooling energy 
consumption by heat gain from light-
ing instruments, should be considered 
in energy performance and global cost 
calculations.

After getting life cycle energy, car-
bon emission and cost performance 

Figure 3. The effect of thermal insulation thickness on heating and 
cooling energy consumption for the case study building.

Figure 4. The effect of thermal insulation thickness on carbon 
emissions.

Figure 5. The effects of EPS with different thicknesses on life cycle 
energy consumption and carbon emissions in the Mediterranean 
climate region.

Figure 6. The effects of EPS of different thicknesses on life cycle 
energy consumption and carbon emissions in the cold climate.



from life cycle perspective optimum 
solutions are given in this section. 
Optimum solutions are getting with 
comparison of all results. Optimum 
solutions present alternatives with low 
energy consumption, carbon emission 
and cost in life cycle period.  Thermal 
insulation material alternative’s life cy-
cle energy consumption and carbon 
emission performance can be seen in 
figure 9. According to alternatives’ per-
formance, optimum life cycle energy 

2

2
2

alternatives provide optimum solu-
tions for the Mediterranean climate. 

cycle energy consumption and costs. 
Optimum solutions for life cycle ener-

2

2 over 

-
timum insulation thickness change ac-
cording to life cycle energy, carbon and 
cost performance. Optimum thickness 

wool for the Mediterranean climate. 
-

-
mum performance from LCEA, LCCA 
and LCC points for the Mediterranean 

optimum solutions from LCEA, LCCA 
and LCC point of view for the cold 

findings, even if insulation thickness 
and thermal conductivity are the same 
life cycle energy, carbon emissions and 
cost performance are significantly dif-
ferent. Therefore choosing the optimal 
material and thickness should consider 

-
mum insulation thickness based on a 
single criterion or without considering 
life cycle performance gives ineffective 
results.

Figure 7. Life cycle energy consumption and cost of EPS with 
different thicknesses in the Mediterranean climateregion (İzmir).

Figure 8. Life cycle energy consumption and cost of EPS with 
different thicknesses in the Mediterranean climateregion (İzmir).

Figure 9. Life cycle energy consumption and carbon emission 
performance of all alternatives in the Mediterranean climate 
region (İzmir).

Figure 10. Life cycle energy consumption and cost performance of 
all alternatives for the Mediterranean climate region (İzmir).
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3. Conclusion
This study has presented and 

demonstrated a new approach to se-
lecting insulation material and thick-
ness though a case study of a multi-sto-
rey residential building that optimizes 
energy efficiency, carbon emission 
reduction and cost over the building’s 

calculations included occupancy, ac-
tivity level, equipment and lighting 
system. The results were compared to 
the same building in a cold climate to 
highlight the effect of climate on ener-
gy efficiency and carbon emissions. Us-
ing a life cycle perspective is important 
for countries working toward reduced 
energy consumption, carbon emission 
targets and cost in buildings. 

Energy efficiency in buildings de-
pends on some parameters such as 
building form, orientation, distance 
between buildings, but most of these 
parameters couldn’t be consider while 
building design in built environment. 
Therefore design of building envelope 
is a key factor for energy efficiency 
and carbon emission reduction. Ther-
mal mass and using thermal insulation 
are important strategies for energy ef-

thermal mass in building envelope 
couldn’t be apply in built environment 
because of getting solar gain and archi-
tectural restrictions such as construct-
ing thick walls. Therefore, adding ther-
mal insulation to building envelope or 
increasing thermal insulation thick-
ness become most common energy ef-
ficiency strategy in envelope for build-
ings. Adding a thick insulation layer 
has a significantly different impact on 
carbon emissions and energy con-
sumption in Mediterranean and cold 
climates. Cooling energy consumption 
in Mediterranean climates significant-
ly increases energy consumption, car-
bon emission and cost because of the 
electricity conversion factor. Therefore, 
reducing cooling energy consumption 
is an important strategy for saving en-
ergy and reducing carbon emissions in 
Mediterranean climate. Other strate-
gies include using thermal mass, natu-
ral ventilation, effective central cooling 
systems, shading devices and renew-

-
ing these strategies can be inefficiency, 

expensive or limiting to architectural 

mass couldn’t be applied in built envi-
ronment because of solar gain amount 
and architectural restrictions, using 
an efficient central cooling system 
decreases cooling energy consump-
tion but investment and maintenance 

to integrate into the architectural de-
sign. Thermal insulation material and 
various thickness’ performance could 
change according to climate and build-
ing typology significantly. Thus, as seen 
from results of this study, optimum 
thermal insulation material and thick-
ness should be determined according 
to multiple criteria such as energy, car-
bon emission and cost from life cycle 
perspective. 

Many standards and regulations on 
energy efficiency or thermal insulation 
focus energy consumption, carbon 
emission and cost without considering 
material’s life cycle performance. This 
study’s results show that determining 
insulation thickness without consid-
ering life cycle performance results in 
unexpected performance, especially in 
Mediterranean climates. Therefore op-
timization with multiple criteria such 
as LCEA, LCCA and LCC should be 
done to determine insulation materi-
al and thickness. Many standards and 
regulations generally focus on heating 
energy consumption or energy per-
formance for end use. This study’s re-
sults show that energy consumption of 
buildings’ primary energy consump-
tion should be calculated to determine 
optimum efficiency measures. Occu-
pancy, activity level, heat gain from 
house appliances and lighting systems 
should be taken into account in cal-
culations because these parameters 
directly affect energy consumption. 
Standards and regulation should be 
revised to include life cycle calcula-
tions, including the details of different 
building types. Such a revision would 
be significant for countries targeting 
energy efficiency and carbon emission 
reduction.

In sum, multiple criteria are re-
quired to optimize insulation thickness 
and material based on life cycle energy, 

-
ing insulation thickness from a single 



criterion or without considering insu-
lation material’s life cycle performance 
may result in unexpected results. The 
study focuses on life cycle energy con-
sumption, carbon emission and cost. 

parameters such as fire resistance, du-

research may also consider details of 
specific cooling systems, operational 
schedules and different building types, 
which may modify and improve the re-
sults of this study.
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