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Abstract

In this study, the optimum insulation thickness, energy savings and payback periods were calculated based on
life-cycle cost analysis for the cities of Balikesir, Kayseri, Malatya, Mersin, Mugla, Sanlurfa and Trabzon.
These cities were selected from Turkey’s four climate zones. The calculations were carried out for coal as energy
source, expanded polystyrene (EPS) and extruded polystyrene (XPS) as insulation materials on two types of
walls: (1) sandwich and (2) externally insulated. Results indicated that insulation thicknesses varied between
0.002-0.049 m, with the amount of life-cycle energy saving as 0.629-21.047 $/m? and a payback period of 0.3—
6.5 years depending on the type of fuel, insulation material and wall-type.
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Tiirkiye'nin Farkh Iklim Bolgeleri Icin Enerji Tasarrufu ve Optimum
Yahtim Kalinhginin Hesaplanmasi

Ozet

Bu calismada Balikesir, Kayseri, Malatya, Mersin, Mugla, Sanliurfa ve Trabzon illerinin optimum yalitim
kalinligi, enerji tasarrufu ve geri 6deme siireleri yasam dongiisli maliyet analizlerine gore hesaplanmistir. Bu
sehirler, Tirkiye'nin dort iklim bolgesinden segilmistir. Hesaplamalar enerji kaynagi olarak komiir, iki tip duvar
iizerinde: (1) sandvi¢ ve (2) distan yalitilmig, yalitim malzemesi olarak genisletilmis polistiren (EPS) ve ekstriide
polistiren (XPS) i¢in yapilmistir. Sonuglar, yakit tiiriine, yalitim malzemesine ve duvar tipine bagl olarak yasam
dongiisii enerji tasarrufu 0.629-21.047 $/ m? ve 0.3-6.5 yil geri ddeme siiresi ile yalitim kalinliklarinm 0.002-
0.049 m arasinda degistigini gosterdi.

Anahtar kelimeler: Derece-Giin Yontemi, Enerji tasarrufu, Optimum yahtim kalinhigi, XPS, EPS, Komiir, Tiirkiye

1. Introduction
on cooling degree days (CDD) and heating

Energy consumption is distributed among
four main sectors such as industrial, building
(residential/commercial), transportation, and
agriculture. The building sector is the largest
energy consumer following the industrial sector
[1-2].

Thermal insulation is the first of the
methods for decreasing the energy consumption.
Reduction of the energy consumption to the
minimum values for the buildings is compulsory
according to national regulations. Most of the
studies focus on the determination of optimum
thickness of insulation for external walls in
buildings based

degree days (HDD) [3-15].

In this study, seven different cities of
Turkey (Balikesir, Kayseri, Malatya, Mersin,
Mugla, Sanliurfa and Trabzon) were selected as
to represent the first, second, third, and fourth
climatic zones (Fig. 1). The effect of two
different wall structures was considered to
determine the optimum insulation thickness,
energy savings and payback period for EPS and
XPS insulation materials, using coal for fuel.
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Figure 1. Four different degree-day regions of
Turkey according to TS 825 Standard

2. Material and Methods
2.1.Calculation of degree days

According to Turkish Standard Number (TS
825), heat insulation rules for buildings, four
different degree-day (DD) regions have been
defined for Turkey, as shown in Fig. 1. Climatic
conditions are the main factors affecting the
thermal load requirements of buildings [16-18].

The degree day method is one the simplest
methods used in the heating, ventilating and air-
conditioning industry to estimate heating and
cooling energy requirements [19]. Degrees days
are a specialized type of weather data, calculated
from the readings of the outside air temperature.
Many approaches and techniques to calculating
HDDs can be found in the literature [20-22]. In
this study, calculations of optimum insulation
thickness, payback period and energy savings
were performed using T, =25°C Dbase
temperature. The HDDs were calculated (Table
2, 2002-2012) based on the daily data of the
maximum and minimum air temperatures
collected from the 7 main stations of the Turkey
climate network (Fig. 1) for the colder eight
months (October—May).

The calculation of HDDs was carried out by
means of different equations, depending on the
relationship between the base temperature T, and
the mean Tm, minimum Tmin and the maximum
Tmax daily air temperatures. The total number of
heating degree-days for the whole heating season
can be expressed as [23],

(Tm < Tb) @)
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(Tm> To) )
where, Ti is the constantly adopted indoor
design air temperature, Ty is the base temperature
and T is the daily mean outdoor temperature, N
is total number of heating days.

The daily mean outdoor temperature is
determined by the average of the measured
maximum and minimum temperature during the
day.

(T

m,min

+T
2

— m,max)

Tn = 3)

Here, Tmmin V& Tmmax IS the average of the
measured lowest and highest temperatures
during the day, respectively [23].

In this study, the seven cities from seven
different regions in Turkey, Balikesir, Kayseri,
Malatya, Mersin, Izmir, Sanliurfa and Trabzon
were selected to determine the optimum
insulation thickness. Table 1 shows the climate
characteristic and degree days values of each
city. Data are mean values of ten years, was
taken in 2012 from The State Meteorological
Affairs General Directorate (DMI).

2.2. External wall structures in buildings

External wall insulation is immensely
important in terms of energy saving [2-3]. In
Turkey generally, the external walls have a
composite structure called sandwich wall or
externally insulated wall. The structures of
investigated walls (sandwich wall and externally
insulated wall) are shown in Fig. 2. The
sandwich wall is formed from 2 cm internal
plaster, two pieces of 13 cm horizontal hollow
brick, insulation material between horizontal
hollow brick and 3 cm external plaster.
Externally insulated wall is consisted from 2 cm
internal plaster, 29 cm horizontal hollow brick,
insulation and 3 cm external plaster. In the
calculations, as the insulation material, expanded
polystyrene (EPS) (k 0.032 W/mK) and
extruded polystyrene (XPS) (k = 0.040 W/mK)
were used.
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Table 1. Climate zones, heating degree days and

Table 2. The physical properties of the external wall

certain data for the selected cities materials
City- Zo Longitude(  Latitude Elevatio Heating Sandwich wall Externally
Region ne 9 @) n (m) degree insulated wall
days Material  thic | R thic k R

Balikesir 2 2752 39.39 147 1914 ke wim ek Kne (W (m?
Marmara SS K) W) SS mK K/
Trabzon- 2 39.43 41.00 30 1724 (m) (m ) W)
Black Sea interior 0.02 0.87 0.02 0.02 0.87 0.0
Kayseri- 4 3529 38.43 1068 3113 plaster 2
Central (lime
Anatolia based)
Mugla- 1 28.21 37.12 646 1879 horizont 0.13 045 0.28 026 045 06
Aegean al hollow 4
Mersin- 1 34.36 36.49 5 852 brick
Mediterra exterior 003 1.4 0.02 003 14 0.0
nean Sea plaster 2
Sanlurfa 2 38.46 37.08 547 1503 (cement
Southeast based)
ern Ri 0.13 0.13
Anatolia R, 0.04 0.04
Malatya- 3  38.18 38.21 998 2996 Ru(wall 0.77 0.85
East layers
Anatolia without

the

insulatio

n

material)

Sandwich wall Externally insulated wall

External plaster

- Insulation External plaster

- Insulation
Brick
Brick
Internal plaster

Internal plaster

Figure 2. Wall models

The heat conduction and resistant values for
sandwich and externally insulated wall are given
in Table 2. Thermal resistances of the walls are
calculated using these coefficients. Thermal
resistances of the walls were calculated without
taking into account the insulation material. The
conductivity and  resistant values  were
determined from TS 825 (Turkish Standard of
Thermal Insulation in Buildings) [16].

2.3. Heating load for external walls

The heat loss and the annual heat loss from
the unit surface of the external wall are
calculated respectively by [3, 6]:

g=U.At 4

q, = 86400.DD.U 5)

The yearly energy requirement is
determined by:

E, = 8640(:7.DD.U ©)

Overall heat transfer coefficient for wall is
given as,

1
- Ri+Rw+Rins+Ro

(")

The thermal resistance of the insulation
layer is,
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X
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If Rwt is the total wall resistance excluding
the insulation layer resistance, Eqg. (7) can be
written as,

_
(th + Rins )

9)

The annual amount of the energy expended
for heating can be obtained as the following,
86400.DD (10)

EA = -
(R + (X))

The annual energy cost of heating per unit
area can be defined as,

o _ _86400.DD.C
A (R +(XIK))H, 77

11

The life-cycle cost analysis (LCCA) is one
of the methods to -calculate the optimum
insulation thickness. The total heating costs over
a period of time of N years is evaluated in the
present value using the present worth factor
(PWF). The present worth factor is calculated
based upon the inflation (g) and interest rate (i)
as follows [3, 6].

If i > gthen
r=1"9 (12)
1+g
If i < gthen
_g-i
r==2__ 13
1+i (13)
and
N
I:=(1+r) Nl (14)
r.(1+r)
Ifi=g, then
PWE = 1 (15)
1+i

The cost of insulation is given by Eq. (16)

18

C.=C x

ins i

(16)

The total heating cost of the insulated
building is given by

C,=C,.PWF +C,; x (17)
or
86400.DD.C; .PWF
C, = +C;.x (18)
(R +(x/K)).H 77
The optimum insulation thickness is
obtained as the following,
203.9 DD.C;.PWF k KR (19)
Xgp =29394 ——— |-k
o H,.C,.n "

The values of the parameters used in the
calculations of the optimum insulation thickness,
payback period and life cycle savings for the
insulated buildings in selected cities are given in
Table 3. The payback period is described as the
ratio of the energy cost of the uninsulated
building to the energy savings [3, 6, 10].

Table 3. Parameters and values used in the
calculation of insulation-thickness

Parameters Value
Fuel (Coal)
Hu 25.122x108(J/kg)
n 0.65
Insulation (Expanded polystyrene
(EPS))
k 0.032(W/mK)
Insulation (Extruded polystyrene
(XPS))
k 0.040 (W/mK)
Ci 23.88 $/m3
i 16 (%)
g 10 (%)
N 10 year
PWF 1.8

3. Results and Discussion

The optimum insulation thicknesses for the
two different wall type were obtained by Eg.
(19) and the results for coal fuel and insulation
materials (EPS and XPS) are given in Table 4.
Optimum insulation thickness varied between
0.011 and 0.046 for EPS, 0.014 and 0.049 m for
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XPS in sandwich wall, whereas the optimum
insulation thickness varied between 0.002 and
0.036 m for EPS, 0.006 and 0.039 m for XPS in
case of external insulated wall, respectively. The
optimum thickness for sandwich wall was higher
than that required for external insulated wall.
The optimum insulation thickness for EPS was
less when compared to XPS.

Table 4. Optimum insulation-thickness of selected
cities for different wall types and insulation materials

Sandwich wall External insulated
City wall

EPS XPS EPS XPS

(m) (m) (m) (m)
Bahkesir 0:030  0.033 0.021 0.024
Kayseri 0.046  0.049 0.036 0.039
Malatya 0.045 0.047 0.034 0.038
Mersin 0.011 0.014 0.002 0.006
Mugla 0.030 0.032 0.020 0.023
Sanlurfa 0.024 0.026 0.014 0.018
Trabzon 0.027 0.030 0.018 0.021

The curves of insulation and fuel costs, and

total cost versus the insulation thickness for the
selected cities are illustrated for sandwich wall
and external insulated wall in Fig.3, respectively.
It was seen that the fuel cost decreased with
increasing insulation thickness. The total cost
decreased until a certain value of the insulation
thickness was reached, after which it began to
increase again.
On the other hand, the insulation cost increased
linearly with insulation thickness. The insulation
thickness at the minimum total cost was taken as
the optimum insulation thickness.

The payback period is reduced with
increasing degree days. The optimum insulation
thickness is increased with increasing degree
days. Larger insulation thickness is required in
colder climates with higher degree days, but less
insulation in warmer climates with lower degree
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days. Therefore, the optimum insulation
thickness for Mersin became lower, since it has
more hot days. The optimum insulation thickness
for Kayseri became higher, since it has less hot
days.

Table 5 displays life cycle energy savings
over 10 years and the payback periods for
insulated buildings in selected cities for coal.
The results according to selected cities showed
that life cycle savings varied between 0.629 $/m?
and 21.047 $/m?, and payback periods varied
between 0.3 and 6.5 years according to
insulation materials (EPS and XPS) and wall
types (SW and EIW) and the fuel type (coal).
Fertelli [14] evaluated the influence of different
wall types (stone, brick, concrete and bims) on
the optimum insulation thicknesses, energy
savings, and payback periods for six different
energy types (LPG, electricity, fuel oil, coal,
natural gas, and geothermal energy), and four
cities from different climate zones (Aydin,
Trabzon, Malatya, and Sivas). Insulation
thicknesses were determined between 0 — 0.179
m, with the amount of 0 — 235.053 $/m? of
energy saving, and 0 — 11.53 years of payback
period, depending on various fuels and wall
types. Ucar and Balo [15] calculated the
optimum insulation thickness of different wall
structures for four different insulation materials
and for four climatic zones of Turkey and
different fuel types. Their results show that the
energy cost savings vary between 4.2 $/m? and
9.5 $/m?, depending on the city and insulation
materials.



Calculation of Optimum Insulation Thickness and Energy Savings for Different Climatic Regions of Turkey

Balikesir &0 Balikesir 5
—&— Insulation cost

L

@ —— Insulation cost W &30 &— Fuel cost s
= —&— Fuel cost 4 = " =
% —e— Total cost 3 % 40 Total cost - %
E © oz ERY 1%
E 1 g E E
= < < 10 =
0 0 A
0000 0040 0080 0.120 0.160 0200 0000 0040 008 0120 016 0.200
Insulation thickness (m) Insulation thickness (m)
Kayseri §0 Kayseri 5
5 = : ’
—— Insulation cost L o 30 N ;1-15&1.11122::1 cost LN
—&— Fuel cost 4z E 4 o— Total cost %
—a— Total cost P B 3z
- 7 30 8
Z 10 P g 520 3
Z 10 1z 210 1 g
0 A 0 ——— 0
0000 0040 0080 0120 0160 0200 0000 0040 0080 0.120 0.160 0200
Insulation thickness (m) Insulation thickness (m)

50 Malatva 50 Malatya 5
e 50 —i— Insulation cost a & 50 4 1;11;;1::::1 cost 1 &
Z S A 4 2 E —— £
T Fuel cost 2 2 49 Iy —eTotalcost %
= —a— Total cost 3 = = 3 =
g 30 - ERELR N
g 10 =] g 1 B

e = 104 =

< O ' 0 < e <
0.000 0040 0080 0120 0160 0200 00_000 '0'04‘0' IG‘GE: ) '0'1,"0' '0'16' ) ‘0',\0'00

Insulation thickness (m}) ' ' Instilation Lh.t.chless (1.11] ’

Mersin i Mersin 5
5 - - -

—i— Insulation cost A ++ gls?lauon cost ) &

—&— Fuel cost 4 é uel cost 4 E

—a— Total cost . —e— Total cost X %

30 4 : H g

20 - B 3 “z

10 4 Lz | 1

0 B O S o
0000 0040 0080 0120 0160 0200 000 0040 008 0.12 0.16 0.200
Insulation thickness (m) Insulation thickness (m)

& Mugla
@ Mugla 5 50 g , 3

- —&— Insulation cost & 4 5p ], 8 Insulationcost SW @
i 0 T & Fuel cost 4 % é - —&— Fuel cost é

40 + —¢—Total cost . = 40 —e—Total cost 2 =

30 A "8 S 304 3

20 1 © 2 Z 201 13

104 vz < 10 1 2

R e I e e 0 0 e Lo
0000 0040 0080 0120 0.180 0200 0000 0040 0030 0120 0160 0200
Insulation thickness (m) Insulation thickness (m)
Sanhurfa 5 Sanhurfa X

o —— Insulation cost o —i— Insulation cost W o

= —&— Fuel cost Z 40 A— Fuel cost =

? —e—Total cost % —+—Total cost 2 %

E E 13

= Z £

0 [ S S e
0000 0040 0080 0120 0.180  0.200 0000 0040 0080 0120 0.160 0200
Insulation thickness (m) Insulation thickness (m)
Trabzon Trabzon

L

—— Insulation cost sW
—&— Fuel cost
—e— Total cost

—— Insulation cost
—&— Fuel cost
—a— Total cost

Annual cost (Bm?)
Annual cost (fim?)

0.000 0040 0080 0120 0160 0200 0000 0040 0080 0120 0160 0200

Insulation thickness (m) Insulation thickness (m)

Fig. 3. Effect of insulation thickness on costs for sandwich wall and external insulated wall at selected cities
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Table 5. Payback periods and life-cycle energy

savings
City SW
EPS (m) XPS (m)
Payback Life-cycle Payback Life-cycle
period energy period energy
(years) savings (years) savings
Y ($/m?) y ($/m?)
Balikesir 3.6 10.822 29 14.175
Kayseri 5.6 14.430 4.3 21.047
Malatya 5.5 14.117 4.2 20.188
Mersin 13 3.978 12 6.013
Mugla 3.6 10.822 2.8 13.745
Sanlurfa 2.9 8.658 23 11.167
Trabzon 3.3 9.740 2.6 12.885
EIW
EPS (m) XPS (m)
Life-cycle Life-cycle
Pay_bz(ijck energy Pay_bzck energy
perio . perio .
(years) savings (years) savings
($/m?) ($/m?)
Balikesir 3.7 6.610 2.7 10.332
Kayseri 6.5 11.332 44 16.789
Malatya 6.1 10.703 4.6 16.359
Mersin 0.3 0.629 0.7 2.583
Mugla 35 6.295 2.6 9.901
Sanlurfa 2.4 4.407 21 7.750
Trabzon 3.1 5.666 24 9.040
4. Conclusion
In this study, the optimum insulation

thickness of external walls, the energy savings
over a lifetime of 10 years, and the payback
periods were calculated for two different wall
types, coal as energy source, and two different
insulation materials in cities from four different
climatic zones of Turkey. The calculations were
carried out to TS 825. The results showed that
the optimum insulation thickness varied between
0.002 and 0.049 m, energy savings varied
between 0.629 $/m? and 21.047 $/m? and
payback periods varied between 0.3 and 6.5
years depending on the cities, the type of wall,
the insulation material and the cost of coal fuel.
Energy saving was bigger, insulation was more
effective, and the payback period was shorter for
higher degree-day cities. The highest value of the
optimum insulation thickness was reached for
Kayseri city by using sandwich wall, XPS as
insulation material; whereas the lowest optimum
insulation thickness was obtained for Mersin city
by using external insulation wall, EPS as
insulation material, coal as energy source.
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Nomenclature

Ca
Cs

Ci
Cins
Ci

CDD
DD
Ea

g

Hu
HDD
i

k
LCCA
N
PWF
Ri

Rins
Ro

Rw

Tmin

Trmax

Xop
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annual heating cost ($/m2year)
energy cost of fuel ($/kg, $/md,
$/kWh)

insulation material cost ($/m?3)
insulation cost ($/m?)

total heating cost at present value
$)

cooling degree days (°C.days)
degree days (°C.days)

annual heating energy (J/m2year)
inflation rate

heating value (J/kg, J/m3, J/kWh)
heating degree days (°C.days)
interest rate

thermal conductivity (W/mK)

life cycle cost analysis

lifetime (years)

present worth factor

thermal resistance (inside air)
(M2K/W)
insulation thermal resistance
(M?K/W)
thermal resistance (outside air)
(M?K/W)
total  thermal  resistance  of

uninsulated wall plates (m?K/W)
total of Ri, Rw, Ro (M?K/W)

heat loss (W/m?)
overall heat transfer
(W/m2K)

temperature (°C)

base temperature (°C)
indoor design air temperature (°C)
daily mean outdoor temperature
°C)

minimum daily air temperature (°C)
maximum daily air temperature (°C)
insulation thickness (m)

optimum insulation thickness (m)
efficiency of the heating system

coefficient



