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Abstract - Energy analysis plays an important role in developing an optimum and cost effective design of HVAC system for 
a building. Although there are different energy analysis methods, which vary in complexity, the degree-day methods are the 
simplest methods and well-established tools. Energy consumption increases as the number of heating and cooling degree 
days increases and falls as the number of heating and cooling degree days falls. The value of degree-days is a measure used 
to indicate the demand for energy to heat or cool buildings. The monthly or annual cooling and heating requirements of 
specific buildings in different locations can be estimated by means of the degree-days concept. The base temperature is the 
outdoor temperature below or above which heating or cooling is needed. Cooling degree-days enable better benchmarks to 
be developed for air-conditioned buildings, allow improved Building Energy Management System operation and produce 
better energy estimating methods. These three factors could make real contribution to energy efficiency and CO2 emission 
targets. In this study the degree days for period 2008-2012 were calculated for Poland (5 cities) and India (5 cities) in each 
country. Cooling Degree Days for India were calculated for base temperature from 18 oC till 26oC.  The Cooling Degree 
Days for Poland were calculated for base temperaturę from 18 till 28oC.The average annual value of CDD18 for Indian cities 
is CDD18 for Chennai is 4108, for Kolkata CDD18=3360, for New Delhi CDD18=3015, for Mumbai CDD18=3469, for 
Mangalore CDD18=3449. The average annual value of CDD18 for Polish cities is  Suwałki CDD18=99 for Zielona Gora 
CDD18=75, Zakopane CDD18=43, Gdansk CDD18=62,  Warsaw CDD18=182. 
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I. INTRODUCTION 

 
Degree-days are well known important climatic 
indicator used in the HVAC industry to estimate the 
demand for heating and cooling services. The degree 
days are the summation of temperature differences 
between average outdoor air temperature and base 
temperature, which is referred as the outdoor 
temperature at which heating or cooling systems do 
not need to the run.When outdoor temperature is 
below the base temperature, the heating system needs 
to provide the heat. On the other hand cooling 
systems needs to operate when the outdoor 
temperature is above the base temperature. The 
cooling degree days are the difference between 
average outdoor temperature and base temperature.  
Monjur Mourshed (2012) [1] developed an equation 
for calculating degree-days from low-resolution 
temperature days by exploring the relationship 
between degree days and annual mean temperature of 
5511 locations around the world using the multiple 
non-linear regression, K. Papakostas, T. Mavromatis, 
N. Kyriakis (2010) [2] calculated cooling degree days 
for two main cities of Greece (Athens and 
Thessaloniki) from 19883 to 2002. M. Christenson, 
H. Manz, D. Gyalistras (2006) [3] estimated heating 
degree days and cooling degree day for four 
representative Swiss locations for the period 1901-
2003.Kevin Baumert, M. Selman (2003) [4] 
summarizes the methodologies used by the World 
Resources  
Institute for calculating annual heating degree days 
(HDD) and cooling degree days (CDD) for 171 

countries.O. Buyukalaca, H. Bulut, T. Yilmaz (2001) 
[5] calculated heating and cooling degree days for 
different base temperatures for Turkey. F. Jiang, X. 
Li, B. Wei, R. Wu, Z. Li [6]  used to detect annual 
and seasonal variations of heating and cooling 
degree-days in Xinjiang, China, by using the Mann – 
Kendall trend test and linear regression techniques for 
1959-2004. W.J. Roltsch, F. G Zalom et. al (1998) [7] 
used seven methods of estimating degree days at each 
of nine locations during 2 years in California and 
compered to degree-day values calculated by hourly 
summation. WI big [8] calculated heating and cooling 
degree days for Lodz, Poland for the period 1931-
2001.  
The literature survey confirms that degree days are 
important climate indicator, which is still a subject of 
study. By using degree-day method climate in the 
countries of Poland and India were compared and 
analyzed during the period 2008-2013. In every 
country 5 different locations were taken under 
consideration. The most advanced city in the North, 
South East and West. 
 
II. STUDY AREA 
 
A. Poland 
 
Warsaw 
Warsaw is situated in central part of Poland. The 
figure [1] shows the location Warsaw in Poland. 
North Latitude:  52-25N     
East Longitude: 21E    
Altitude: 106 m.  



Cooling Degree Day Analysis As A Climate Impact Indicator For Different Locations Of Poland And India 

Proceedings of 2nd The IRES International Conference, Berlin, Germany, 13th June 2015, ISBN: 978-93-85465-28-4 

44 

Gdansk 
Gdansk is situated in the North of Poland at the Baltic 
Sea 
North Latitude:  54-22-58N     
East Longitude: 18-28-01E     
Altitude:  138 m. 
Zielona Góra 
Zielona Góra is situated in the West of the Poland 
North Latitude:  51-55-58N     
East Longitude: 15-31-58E     
Altitude:  192 m 
Zakopane 
Zakopane is situated in the south in the Poland in the 
Tetra Mountains 
North Latitude:  49-17-59N     
East Longitude: 19-58-01E     
Altitude:  857 m. 
Suwałki 
Suwałki are situated on the East of the Poland 
North Latitude:  54-07-58N     
East Longitude:  22-56-59E     
Altitude:  186 m. 
 

 
Figure 1- Annual Temperature In Poland 
 

Poland climate can be described as a temperate 
climate with relatively cold winters and warm 
summers, which is greatly influenced by oceanic air 
currents from the west, cold polar air from 
Scandinavia and Russia, as well as warmer, sub-
tropical air from the south. In winter, polar-
continental fronts often dominate, bringing cold, 
frosty weather with temperatures far below zero and 
sometimes heavy snowfall. The late summer and 
autumn months are often influenced by dry, sub-
tropical, continental air mass that brings plenty of 
warm days. The average air temperatures amount to 6 
- 8.5°C for a year, the annual rainfall is 500 - 700 
mm, of which snow constitutes only 5 - 20%. Heating 
season lasts from 6 to 8 months. It starts in October/ 
November and ends in March/ April. The heating 
season starts when indoor temperature is 16oC al 
least 3 days. Moreover during hot summers there is 
need to provide cooling. The cooling season last from 
July to August 

B.India 
Mangalore 
Mangalore is situated in south part of India in 
Karnataka state, on Malabar coast at the Arabian Sea 
and nearly to Western Ghats mountains. The figure 
[2] shows the location Mangalore in India. 
North Latitude:  12-55-01N     
East Longitude:  074-52-58E     
Altitude:  102 m. 
New Delhi  
North Latitude:  28-34-01N     
East Longitude:  77-07-01E     
Altitude:  233 m 
Chennai 
North Latitude:  13-00-00N     
East Longitude:  80-10-58E     
Altitude:  16 m. 
Kolkata 
North Latitude:  22-38-59N     
East Longitude:  88-27-00E     
Altitude:  6 m 
Mumbai 
North Latitude:  19-07-01N     
Longitude:  72-50-59E     
Altitude:  14 m 

 

 
Figure 2- Annual Temperature In India 

 
The India has three seasons in climate. 
Winters (December to February) are very pleasant, 
the humidity and temperatures are low. During day 
times, temperature falls below 34°C and night time 
temperature falls below 20°C. Summers (March to 
May) are hot with a maximum temperature of 39°C. 
The climate is hot and humid.  During the 
Monsoons (June to September) the rainfalls are very 
strong.  
The cooling needs to be provided during the whole 
year. 
 
III. METHODOLOGY 
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To estimate cooling degree days, it is required to 
measure maximum and minimum outside air 
temperature ( Tmax and Tmin). Base temperature is set 
by user and Tbase is outdoor temperature at which 
heating or cooling systems do not need to the run. 
Thera are four possible relationships between the 
base temperature and diurnal temperature variation, 
resulting in four different scenarios. Depending on 
this four scenarios, daily cooling degree days CDD, is 
calculated from the base temperature Tb and daily 
minimum and maximum temperatures respectively 
using the equation [1] below:  
Daily cooling degree days, CDD can be calculated 
using the same parameters 
                                                                             

 
Figure 3-  Degree Day Formula [11] 

 
Figure[3] shows the graphical representation of 
formula used to calculate heating and cooling degree 
days. 
 
IV. RESULTS OBTAINED 
 
A.Comparsion of Cooling Degree Days in Polish 
cities 
Cooling degree days for different locations of Poland 
for different base temperatures from 18°C to 26°C  
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B. Comparsion of Cooling Degree Days in Indian 
cities 
Cooling degree days for different locations of India 
for different base temperatures from 18°C to 26°C 
 

 

 

 

 

C. Energy Loss Calculation Fabric Loss  
The U-value of a material or structure is the rate at 
which heat will pass through a given area for a given 
temperature difference. It is a property of the material 
in a structure and is usually measured in watts per 
square metre per degree Celsius (W/m2 /0C).  
Cooling Energy Lost = kWh/year/m2 1000 24 * 
CDDAnnual * U  
The specification of walls, roofs in India and their U 
values should be taken into consideration. 
Base temperature =180C then annual cooling degree 
days =4078.36  
If minimum U value of .8W/m2/˚C is considered for 
walls then cooling Energy loss = 78.3 kWh/year/m2.  
If maximum of U value of wall 4.12 W/˚C is 
considered cooling energy loss is 403.3 kWh/year/m2.   
No. of units saved per year/m2 =325.Percentage 
savings in energy is 80.6. 
 
C. Energy Loss Calculations for India (CDD) 
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D. Energy loss calculations for Poland (CDD) 
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CONCLUSION 
 
Poland situated in central Europe has temperate 
climate with relatively cold winters and warm 
summer. During the summer there is need of cooling 
buildings, and during long winters there is high need 
to heat the buildings to provide thermal comfort for 
occupants. The heating system should run almost all 
year, what confirm the amount of Heating Degree 
Days in every city in Poland. The coldest place in 
Poland is Zakopane. The most warm place is Poland 
is Zielona Góra and Warsaw- the high amount of 
CDD confirms that. The air should be cooled during 
months of July and August. 
 
 
 

 
 
 

India situated in South Asia has a three seasons in 
every season there is a need of using cooling systems. 
The hottest place in India is Chennai where yearly 
CDD is about 4300. The coldest city is New Delhi, 
where seasonally heating should be provided. 
Degree day method is very useful to estimate the 
demand for heating and cooling services that is why it 
is used as important climatic indicator in the HVAC 
industry. 
In this study the variable base CDD for India, CDD 
for Poland were checked by using long term (2008-
2012) data. The base temperatures 18oC,20 oC,22 

oC,24 oC,26 oC are chosen to calculate degree days. 
All results are given in tables. The average yearly 
degree day is with correlation to base temperature.  
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