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TS 825 Binalarda Isı Yalıtım Kuralları Standardının
Güneş Işınımı Açısından Değerlendirilmesi

Betül BEKTAŞ EKİCİ

TS 825 Binalarda İsi Yalıtım Kuralları Standardı (zorunlu 
standart) Türkiye’de binaların ısıtma enerjisi ihtiyaçlarının 
hesaplanmasında halen kullanılmaktadır. Pencerelerden 
olan güneş ısısı kazançları TS 825 EK-C’de verilen güneş ışını-
mı tablosu ile hesaplanmaktadır. Bu standarda göre Türkiye 
dört farklı derece gün bölgesine ayrılmış olmasına rağmen 
EK-C her bölge için aynı güneş ışınımı verilerini önermekte-
dir. Bu çalışma EK-C tablosunun farklı derece gün bölgeleri 
için uygunluğunu değerlendirmeyi amaçlamaktadır. Bina ka-
buğunun düşey yüzeyleri üzerindeki saatlik güneş ışınımı de-
ğerlerini seçilmiş 16 şehir için hesaplamıştır. Her bir yerleşim 
yerine ait uzun yıllar günlük güneşlenme süresi verisi Devlet 
Meteoroloji İşleri Genel Müdürlüğü’nden temin edilmiştir. 
Sonuç olarak, TS 825 EK-C’de verilen güneş ışınımı tablosu-
nun dört derece gün bölgesi için de uygun olmadığı kanıt-
lanmıştır. Şehirler için hesaplanan güneş ışınımı değerlerinin 
yatay yüzeyler için %3.03 ve %69.15, güney için %0.171ve 
%53.29, kuzey için %0.25 ve %22.15 ve doğu ve batı yönle-
ri için %0.60 ve %40.42 arasında değişen önemli oranlarda 
farklılıklar göstermektedir.
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TS 825 Thermal Insulation Requirements in Buildings, the 
obligatory standard, is still in effect, and is used to calculate 
the heating energy requirements of buildings in Turkey. The 
total solar heat gain through windows is calculated using the 
solar radiation table given in Appendix-C of TS 825. Although 
Turkey is divided into four different degree day regions ac-
cording to this standard, Appendix-C offers the same solar 
radiation data for all regions. This study aimed to investigate 
the appropriateness of the Appendix-C table for the different 
degree day regions. The hourly solar radiation on the vertical 
surfaces of a building envelope was calculated for 16 selected 
cities. Long-term sunshine duration data for each location 
were obtained from the Turkish State Meteorological Service. 
It is demonstrated that the solar radiation table given in Ap-
pendix-C of TS 825 is not appropriate for the four degree day 
regions. The calculated solar radiation values of the cities are 
considerably different from the table values, with the ratios 
varying between 3.03% and 69.15% for horizontal surfaces, 
0.171% and 53.29% for south, 0.25% and 22.15% for north 
and 0.60% and 40.42% for east and west oriented surfaces.
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Introduction
Solar radiation is vital data for architects, engineers 

and scientist not only for the development of active 
solar energy systems but also for providing energy ef-
ficiency in buildings.[1] This renewable source has the 
biggest contribution to the energy balance of buildings 
during the daytime.[2] The indoor thermal environment 
is directly affected by the solar heat gains through 
glazed areas of the building envelope.[3] Reliable data 
for any particular location is needed for optimization 
and performance evaluation of buildings and solar 
technologies.

Due to its geographical position between 36o and 
42o latitudes, Turkey has a big solar energy potential 
and an opportunity to benefit from this endless en-
ergy source in building design, developing renewable 
energy technologies, agriculture and many other 
applications.[4] In Turkey, the global solar radiation 
on horizontal surfaces has been measured at most 
of the meteorological stations. The required solar 
radiation data for passive utilization in building de-
sign is the intensity of the solar radiation on verti-
cal surfaces. However, the solar radiations on the 
vertical surfaces of building envelope have not been 
measured except by a few research projects in some 
limited locations.[5-7] Because of this deficiency, some 
table values (such as TS 825,[8] ASHRAE[9] etc.) of solar 
radiation are generally used while calculating the so-
lar heat gains of windows for determining buildings 
energy needs.

Nowadays large glazed vertical surfaces play an im-
portant role in determining the thermal performance 
of buildings. If there were no precautionary measures 
taken, this situation causes big heat losses from glazed 
surfaces due to the high thermal conductivity in win-
ter and cooling problems related to the excessive so-
lar gains in summer. This fact necessitates the careful 
usage of this important facade component. Windows 
are very important because they can act as a beneficial 
heat source if they are placed in the correct directions 
towards the sun. Thus, their effect on a building’s heat 
balance (especially solar heat gain) must be deter-
mined accurately.

In Turkey, there are two main regulations in effect. 
They are used for determining the energy require-
ments of buildings. The first one, Energy Performance 
Regulation in Buildings[10] proposes the calculation 
of instantaneous solar radiation on building surfaces 
while determining the building’s energy needs. The 
second one, TS 825 Thermal Insulation Requirements 
in Buildings is mandatory and widely used for calcu-

lating heating energy needs of buildings. According to 
this standard, Turkey is divided into four degree day 
regions (DDR).

In the literature, there are many studies performed 
on TS 825. Dilmac and Kesen[11] described the revised 
TS 825 Turkish Standard and compared TS 825 with 
the ISO9164, EN 832 and German Regulations. They 
noted that the calculation method of internal heat 
gains, the calculation method of solar gains, the ac-
ceptance of the air change rate values and climatic 
data are the main differences between the standards. 
Generally, the other previous studies performed on 
TS 825 were based on determination of optimum in-
sulation thicknesses for different degree day regions.
[12-17] Aksoy and Bektaş Ekici[5] investigated the appro-
priateness of climatic data given in TS 825 for differ-
ent DDRs with different building samples.

The studies performed on determining the solar 
radiation potential of a location are independent 
from TS 825. Bulut and Büyükalaca[18] developed a 
simple model for predicting the daily global solar ra-
diation for 68 provinces of Turkey. The accuracy of 
the model was tested with the measured solar ra-
diation data recorded at meteorological stations of 
each province. Bulut et al.[19] evaluated the perfor-
mances of the different solar radiation calculation 
methods with the measured solar radiation data for 
15°, 30°,45°, 60°, and 90° inclined surfaces located 
in Sanliurfa, Turkey. Togrul et al.[20] investigated the 
appropriateness of clear sky radiation in forecasting 
the average global solar radiation both for summer 
and winter seasons. Senkal and Kuleli[21] employed an 
artificial neural network in prediction of solar radia-
tion in Turkey. The study was performed on 12 cities 
by using the meteorological and geographical data 
of each city. Sozen et al.[4] aimed to calculate the so-
lar potential of Turkey by employing artificial neural 
network. They used the measured data of 11 me-
teorological stations for prediction of 6 stations and 
achieved 99.893% accuracy.

In this study, four different cities from each of the 
DDRs were selected randomly. During the selection 
process it is aimed to choose cities from different geo-
graphical regions and located as far as possible from 
each other. The locations of the selected cities are 
given in Figure 1. The hourly solar radiations on build-
ing vertical surfaces were calculated with the sunshine 
duration data of each location taken from Turkish State 
Meteorological Service. The calculations were carried 
out with a computer program written in MATLAB.
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Calculation of Solar Dadiation On Horizontal 
and Vertical Surfaces
Solar radiation on horizontal surfaces

In literature there are many empirical correlations 
developed for the determination of solar radiation on 
horizontal surfaces.[22-26] The equation derived by Ang-
storm[22] is more practical for Turkey.[27] The ratio of 
Q, the daily solar radiation on horizontal surface (MJ/
m2-day) to Qo, the daily total extraterrestrial solar ra-
diation on horizontal surface (MJ/m2-day) is given with 
the following equation.

Q t
–– = a + b ––     (1)
Qo td

Where t and td are the daily sunshine duration and 
day length in hours respectively. The values for a and 
b can be obtained with the equations given below. z, 
φ and δ are the altitude (m), latitude and declination 
angles (°) respectively. 

a = 0.103 + 0.000017z + 0.198 cos(φ – δ) (2)

b = 0.533 – 0.165 cos(φ – δ)   (3)

Day length can be calculated by employing declina-
tion and latitude angles as given below. The formula for 
the calculation of declination angle is given in equation 
5. Where n is the number of the day from 1st January.

td = (2/15) arccos(–tan δ tan φ)  (4)

 284 + n
δ = 23.45 sin (360––––––––)   (5)
  365

Daily total extraterrestrial solar radiation (Qo) is cal-
culated by the following expression. Isc and ωs in the 

equations are the solar constant (1353 W/m2), sunrise 
and sunset angle (°) respectively.

 24 360n π
Qo = ––– Isc (1 + 0.033cos(–––––))(cosδcosφsinωs + –––– ωs sinδsinφ) (6)
 π 365 180

The instantaneous solar radiation on a location can 
be determined with the Equations 7 and 8.[28] ω and ωs 
in equation 7 and 8 are the solar hour and solar sunset 
hour angles respectively. 

   (7)

))1(4exp(
s�

�
��=�

     
(8)

Solar radiation on vertical surfaces

While Ib,t ,Ir,t and Id,t are the hourly beam, reflected 
and diffuse solar radiations on an inclined surface re-
spectively, the amount of total solar radiation on an 
inclined surface It (W/m2) is expressed as;[29-31]

It = Ib,t + Ir,t + Id,t    (9)

The direct component (Ib,t) can be calculated from 
Equation 10 and the rb parameter is calculated with 
Equation 11 given below;

Ib,t = Ib .rb     (10)

 cos θ
rb = ––––––     (11)
 cos θz

where Ib is the hourly beam solar radiation on a 
horizontal plane (W/m2), θ and θz are the angles of 
incidence and zenith (°) which can be calculated with 

Figure 1. The location of the selected cities for evaluation of Appendix-C.



Equations 12 and 13 respectively.[32] β is the angle be-
tween horizontal plane and inclined surface, which is 
90o for a vertical wall.

cosθ = sinδ.sin(φ-β) + cosδ.cos(φ-β).cosω          (12)

cosθz = sinδ.sin φ +cosδ.cosφ.cosω   (13)

The hourly reflected radiation (Ir,t) is given in Equa-
tion 14. It is assumed that the reflection is considered 
as isotropic and the reflectance of beam and diffuse 
radiation are identical.[33]

 1 β
Ir,t = ––– ρIsin2 (–––)    (14)
 2 2

ρ is the grounds reflection rate and is taken as 
0.2[34,35] in this study. I is the hourly global solar radia-
tion on a horizontal plane (W/m2). 

It is assumed that the diffuse radiation is uniform 
over the sky dome. Thus the diffuse radiation (Id,t) is 
calculated with the following formula.[36] Id in equation 
(15) is the hourly diffuse solar irradiance on a horizon-
tal plane (W/m2).

 1
Id,t = ––– Id (1 + cosβ)    (15)
 2

Findings and Evaluations
The presented study is based on a numerical analy-

sis. Using the numerical method explained in Section 
2, the hourly solar radiations on building horizontal 
and vertical surfaces were calculated with a computer 

program written in MATLAB. Four different cities from 
each of the four different DDRs according to TS 825 
Thermal Insulation Requirements in Buildings were se-
lected. The calculations were carried out for these 16 
cities. The sunshine duration for each city was taken 
from Turkish State Meteorological Service. Some geo-
graphical properties of the selected cities are given in 
Table 1.

Horizontal glazing is not widely used in residential 
buildings Turkey. However, it is one of the indispens-
able lighting elements of shopping centers and atrium 
buildings. The indoor comfort conditions of these large 
buildings are directly affected by the usage of horizon-
tal glazing. TS 825 Thermal Insulation Requirements 
in Buildings suggests the usage of solar radiation data 
determined for south surfaces.

Horizontal surfaces have the biggest solar potential 
due to exposure of solar radiation directly during the 
year. So maximum errors among all directions were de-
tected for these surfaces. The calculated and suggest-
ed solar radiations for horizontal surfaces in Figure 2 
only converge for January and December. Except these 
two months, the differences vary between 12.06% 
(Hatay) and 67.76% (İzmir) for the 1st, 2.61% (Sinop) 
and 68.33% (Adıyaman) for the 2nd, 3.03% (Kırıkkale) 
and 68.92% (Elazığ) for the 3rd and 0.63% (Ardahan) 
and 69.15% (Hakkari) for the 4th DDRs as given in 
Table 2. The minimum differences between Appendix-
C and calculated solar radiation values belong to the 
cities located at high latitudes, especially over 39° N 

Table 1. Latitude, longitude and altitude of the cities considered in this study

Degree day region Provinces Latitude (°) Longitude (°) Altitude (m)

1st DDR Antalya (1st zone) 36.54 30.42 43
 İzmir (1st zone) 38.25 27.09 25
 Hatay (1st zone) 36.52 36.12 85
 Aydın (1st zone) 37.51 27.51 70
2nd DDR İstanbul (2nd zone) 41.01 28.58 30
 Amasya (2nd zone) 40.40 35.50 392
 Sinop (2nd zone) 42.01 35.09 32
 Adıyaman (2nd zone) 37.46 38.17 669
3rd DDR Elazığ (3rd zone) 38.41 39.14 1015
 Kırıkkale (3rd zone) 39.50 33.31 700
 Isparta (3rd zone) 37.46 30.33 1043
 Kırklareli (3rd zone) 41.44 27.12 203
4th DDR Ardahan  (4th zone) 41.07 42.41 2200
 Erzurum (4th zone) 39.55 41.17 1893
 Kayseri (4th zone) 38.43 35.30 1071
 Hakkari (4th zone) 37.34 43.45 1720
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(for ex. Amasya, Ardahan, Erzurum, Kırıkkale, Sinop). 
Appendix-C proposes average values of solar energy 
for all Turkey and the cities over 39°N has solar poten-
tial close to this average values. But the cities located 
under 39°N latitude has much more solar energy po-
tential. Necessarily marked results are seen when the 
calculated values are compared with the table values. 
Although the results differ from city to city, the maxi-
mum errors for all cities are in a range of 60-70%. This 
difference cannot be ignored during the calculation 
and design process.

South openings play an important role in a building’s 
heat balance. South faced windows gives solar heat an 
opportunity to penetrate indoors by solar radiation, 
which hits the earth surface at a shallow angle in win-
ter season. Oppose to this in summer period when the 

solar rays hit the earth surface at a steep angle, this 
prevents south surfaces from excessive solar gains. 
This characteristic helps designers to construct energy 
efficient buildings. Appropriate window design on this 
facade helps to reduce the energy consumption both 
for heating and cooling.

The comparison of the calculated monthly average 
solar radiation with the Appendix C values for south-
oriented windows is given in Figure 3. For each of the 
DDRs, the solar radiation on this direction is much 
lower than the calculated values, which are based on 
the real sunshine duration data from the cities consid-
ered. The maximum solar radiation difference between 
the calculated and table values of south surfaces var-
ied between 42.03% (Aydın) and 53.29% (Antalya) for 
1st DDR, 28.4% (Sinop) and 49.32% (Adıyaman) for 2nd 

Figure 2. Comparison of calculated and Appendix-C values of solar radiation for horizontal surfaces.
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Table 2. The maximum and minimum errors between the calculated and proposed solar radiation values given in Appendix-C 
for the 16 cities

DDR Province Horizontal South North East-West

  min (%) max (%)  min (%)  max (%)  min (%)  max (%)  min (%)  max (%) 
  error error error error error error error error

1st DDR Antalya 29.48 67.16 3.56 53.29 0.24 16.67 20.60 37.19
 Aydın 15.39 66.20 9.97 42.03 -0.38 14.22 9.65 30.10
 Hatay 12.06 67.11 2.77 44.58 1.54 9.43 4.91 33.04
 Izmir 15.20 67.76 7.33 47.21 -1.93 16.34 12.05 32.12
2nd DDR Istanbul 8.05 64.93 -1.30 35.40 -1.43 -22.03 0.54 -29.26
 Amasya 4.60 64.32 -3.22 35.00 -2.53 -20.10 1.01 -30.49
 Sinop 2.61 62.25 -0.17 28.40 4.82 -30.06 4.19 -40.42
 Adıyaman 18.26 68.33 6.53 49.32 -0.07 17.59 12.40 34.59
3rd DDR Elazığ 7.68 68.92 9.30 47.59 -1.74 17.92 1.09 35.99
 Isparta 18.71 67.66 4.77 51.01 0.25 15.77 13.52 33.78
 Kırıkkale 3.03 67.45 8.25 43.11 -1.03 -14.79 4.89 31.37
 Kırklareli 11.57 64.28 -2.17 36.63 0.66 -22.15 4.88 -31.18
4th DDR Ardahan 0.63 64.46 8.55 41.24 -0.51 -18.61 0.60 23.30
 Erzurum 3.31 67.11 8.85 43.65 0.41 14.66 -1.65 28.65
 Kayseri 5.75 68.24 6.27 43.72 -3.24 14.83 -1.25 30.89
 Hakkari 22.22 69.15 7.70 52.08 -2.18 19.15 20.52 37.21
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Figure 3. Comparison of calculated and Appendix-C values of solar radiation for south faced surfaces.
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DDR, 36.64% (Kırklareli) and 51.0% (Isparta) for 3rd and 
41.25% (Ardahan) and 52.08% (Hakkari) for the 4th DDR 
as given in Table 2. Such a big amount of diversity makes 
designers and engineers make errors in the calculation 
of building energy needs. By considering the Figure 3, it 
is seen that in May, June and July period the calculated 
and table values of solar radiation are fairly close to 
each other. The usage of the table values will not cause 
a considerable mistake. But for the times except these 
months, the solar radiation values of TS 825 Appendix-
C for south oriented windows are inappropriate.

North openings are ineffective in solar heat gains of 
buildings. These facades don’t receive direct solar ra-
diation except sunrise and sunset hours during the day. 
Excluding these hours the radiation on north surfaces is 
the sum of the diffuse and reflected components. North 
and north-east directions are important for providing 

natural illumination. But while providing visual comfort 
the indoor thermal comfort must be considered. Be-
cause the solar gains in winter are very poor when com-
pared with the heat losses through the windows. When 
the calculated and the table values for this direction are 
compared (Figure 4), it is seen that they show the same 
behavior during the year except the summer period (es-
pecially in May, June and July) for all of the DDRs. The 
main reason of this case is the increasing of solar radia-
tion on east and west directions due to the incidence 
angle of solar rays. The average differences for May are 
1.34%, 3.26%, 1.49% and 0.87% for DDRs from 1 to 4 re-
spectively. The average differences for June are 15.75%, 
10.82%, 14.23% and 14.88% for the DDRs from 1 to 4. 
For July, the calculated and table values differs on aver-
age 9.49% for the 1st, 8.07% for 2nd, 10.70% for the 3rd 

and 10.91% for the 4th DDR.
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Figure 4. Comparison of calculated and Appendix-C values of solar radiation for north faced surfaces
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Windows on east and west facades are very similar 
and not as effective as south facades in reducing the 
buildings heating energy requirements in heating pe-
riod. Because long nights and short daytime, prevent 
these surfaces from warming up. However in summer 
the solar radiations on these directions are one of 
the most important factors in determining the build-
ings cooling requirements. With the arrival of sunrays 
directly to the earth surface, they begin to work as a 
heat source in this direction. Finally, in summer sea-
son they become one of the major causes of a build-
ing’s cooling requirements. Increase of building aver-
age temperature due to long daylight hours causes 
especially the west oriented windows to be in sunset 
hours because of the intense solar radiation on this 
direction. The east and west directions generally take 
the same amount of radiation during the day. So, their 

solar behavior during the year is given together in Fig-
ure 5. TS 825’s Appendix-C values for all regions are 
quite lower than the surface’s actual solar radiation 
potential. This will cause the designers to be unaware 
of the large cooling load potential of these surfaces, 
especially from May to October. This situation is clari-
fied by, emphasizing the amount of the differences be-
tween the calculated and table values. For the 1st DDR, 
the difference between the calculated and table values 
varies between 4.91% and 37.19% for the 1st, 0.54% 
and 40.42% for the 2nd, 1.09% and 35.99% for the 3rd, 
and 0.60% and 37.21% for the 4th DDRs.

The maximum and minimum errors between the 
calculated solar radiation and Appendix-C are given 
in Table 2. Table indicates that the biggest differences 
belong to the south and east-west facades. These di-
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Figure 5. Comparison of calculated and Appendix-C values of solar radiation for east-west faced surfaces.
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rections are the main contributors for decreasing the 
heating energy requirement in winter and for increas-
ing the cooling demand of buildings in summer period. 
The accuracy of the calculation of a building’s energy 
requirements is directly proportional to the accuracy 
of the reference solar radiation data. 

In addition to the solar radiation table, the ambient 
temperature table used in calculating heating energy 
needs must be evaluated. The comparison of the pro-
posed ambient temperature of the four DDRs in TS 825 
with the actual long-term average values (between 
1990 and 2012) is given in Figure 6. As it is seen from 
the figure, the proposed temperatures in TS 825 only 
match with the 1st DDR’s ambient temperatures and 
can be used in calculations. The ambient temperatures 
given in TS 825 for the 2nd, 3rd and 4th DDRs must be 
investigated too.

Conclusion
In this study, the appropriateness of the widely 

used solar radiation table given in Appendix-C of TS 
825 Thermal Insulation Requirements in Buildings 
Standard for different DDRs is investigated. The results 
obtained in this study demonstrate that appendix-C 
of TS 825 is not appropriate for determining the solar 
heat gains of windows. Standard recommends the us-
age of average solar radiation data for all directions by 
neglecting the geographical (latitute, altitude…) posi-
tion and climatic conditions. This average values can 
be appropriate over 39°N latitude but for the locations 
under 39° N the table values are far removed from the 
calculated solar radiation with the real climatic data.

In conclusion, the usage of Appendix-C table of TS 
825 is not recommended in determining the solar heat 
gain of buildings in Turkey. Solar radiation can be ob-
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Figure 6. Comparison of the proposed ambient temperatures in TS 825 with the actual long term averages for the selected cities for 
each of the degree day regions. 
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tained by measurements. However the measurement 
devices are very expensive so, it is hard to install and 
maintain a measurement station. Finally the solutions 
prescribed by BEP must be considered or the table val-
ues must be calculated for every location with the ap-
propriate regional climatic and geographical data.
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