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Abstract 
In our study, heating and cooling degree time data have been prepared for use in the energy estimation and heat load 

calculations of the buildings for Düzce province. The hourly temperature data to be used in the calculations (between 2007-

2017) were obtained from the MGM station. The obtained data was transferred to excel and the data was checked for 

incorrectly and missing. After correcting the problem data by taking into consideration the average temperature values, 15 

° C for heating and 22 ° C for cooling, equilibrium temperature time calculations were made in addition, 11 years and 

yearly 8760 hours of annual temperature data from tables and graphics were extracted and examined in detail. 
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1. Introduction 

 

Comfort is the highest level of satisfaction of the 

human being by spending the least amount of energy 

in the physical conditions [1].  However, comfort is a 

relative concept and people under the same comfort 

conditions show different satisfaction characteristics. 

But; As it is not possible to create conditions that will 

please everyone, the desired conditions can be 

determined as the comfort conditions accepted by the 

majority. For example; International Standard ISO 

7730 provides at least 80% user satisfaction regarding 

thermal comfort [2]. Another issue to be considered 

when considering comfort conditions is energy 

efficiency. 

 

Houses have a significant share in energy 

consumption. About 40% of the energy in the world is 

consumed in buildings. The energy consumed in 

homes turkey is equal to approximately 25-30% of 

total power consumption. In addition, in homes  85% 

of the energy is used for heating [3]. The efficient use 

of energy in buildings is as important as the 

production of energy. The emission of carbon dioxide 

(CO2) from the energy source used causes global 

warming, which is another reason for the conscious 

use of energy [4].  

 

Energy-efficient heating and cooling systems, 

insulating the building and minimizing the lost heat 

are constantly being done and progress is shown. The 

most important factor used in these studies is 

undoubtedly the outside air temperature. 

The performance of heating, cooling and air 

conditioning systems depends on the weather 

conditions. While the design and performance 

simulations of these systems are made, the use of 

climate information that summarizes the values of 

long periods instead of randomly determined one or 

several years makes the results more realistic and 

valuable. Therefore, the required energy analysis 

provides accurate results only considering the climate 

data [5-6]. 

 

Degree time (degree-clock ve degree-day) method is 

one of the oldest methods used in energy performance 

analysis in buildings. Although detailed and complex 

energy analysis methods have been developed, the 

degree-day method is still widely used. It is common 

for countries to assign degree-day zones to be used in 

different heating, cooling and insulation applications 

[7-8]. Available some studies related to variable based 

degree time and degree day calculations for Turkey [9-

10]. 

 

If the indoor temperature and internal heat gains of the 

building are constant and the heating and cooling 

systems are operating continuously throughout the 

season, the annual heating and cooling loads can be 

estimated with good precision with the values 

obtained from the degree-day method. 
 
The heating energy requirement calculated with the 
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degree day values depends on the selected 

“equilibrium point temperature” Tden. This 

equilibrium temperature may vary from one building 

to another. This change can be determined according 

to the desired indoor temperature, the thermal 

properties of the building and the way of use. The 

equilibrium point temperature is the outdoor ambient 

temperature when heating or cooling is not needed in 

a building. Heating will only be necessary when the 

outdoor temperature drops below the equilibrium 

point temperature[11]. 

 

In this study, 11-year external air temperature data 

were obtained for Düzce province and heating and 

cooling degree day values were calculated. According 

to the data provided, tables and graphs were created 

for different reference temperatures for heating and 

cooling purposes. The obtained heating and cooling 

degree day values and the values in the tables and 

graphs were analyzed and evaluated  

 

 

2. Material and method 

 

Düzce Province is under the influence of humid and 

non-hard climate in the coastal areas of the Black Sea 

Region. In addition to the Black Sea climate, similar 

to the Mediterranean climate and the terrestrial 

climate. The average annual temperature is 13,0 C° 

and the total annual precipitation is 823,7 kg/m² and 

the average relative humidity is 75% [12]. 

According to the data obtained from the MGM, the 

average monthly temperature data of the province of 

Düzce was prepared for many years. According to the 

data in Table 1, the highest monthly average 

temperature was 22.6 °C in July and the lowest 

monthly average temperature was 3.8 °C in January. 

The average temperature throughout the year was 13.3 

°C. 

 

Table 1. Long years Monthly Temperature Average for Düzce Province [13]. 

Months Avarage Temperature (C) 

January 3.8 

February 5.3 

March 7.8 

April 12.3 

May 16.7 

June 20.6 

July 22.6 

August 22.4 

September 18.8 

October 14.3 

November 9.6 

December 5.8 

Yearly 13.3 

 

Degree-day values are one of the simplest units of 

measurement used to estimate the annual energy need 

of a building in any place. The annual energy 

requirement of the building can be easily calculated 

using the average day value and the average U value 

of the building outer shell elements. 

Determination of the number of heating degree days 

(HDD) and cooling degree days (CDD) numbers 

separately at any location; heating and cooling 

systems are important for determining their capacity 

and costs. In the calculation of these parameters; The 

equations proposed by the European Union Statistical 

Office (Eurostat) to create a comparable and common 

use are given below. 

 

𝐻𝐷𝐷 (𝑇ℎ) = ∑ (𝑇ℎ − 𝑇0)𝑁
1        (1) 

(only days with Th>T0 are calculated) 

 

𝐶𝐷𝐷 (𝑇𝑐) = ∑ (𝑇0 − 𝑇𝑐)𝑀
1                          (2) 

(only days with T0> Th are calculated)              

 

In the equations; T0 the daily average outside 

temperature, Th and Tc, is the equilibrium or threshold 

temperature determined for the heating and cooling 

period, respectively. Although N and M values are the 

total number of days in heating and cooling period 

respectively; days that do not require heating or 

cooling are not included in these numbers [14]. 

 

In our work we have taken reference to the 

temperatures where the outside air temperature for 

heating is less than and equal to 15 °C, and the 

temperature for cooling degree is greater than and 

equal to 22 °C. In calculations heating degree time 
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months are January – February – March –April – 

October – November - December and cooling degree 

time months are May – June – July - August and 

September. Isıtma derece zaman hesabı yaptığımız 

aylar In our calculations, we used the  months of 

January – February – March – April – October – 

November - December for heating-time calculation, 

and the months of May – June – July - August and 

September for cooling-time calculation. 

 

3. Data analysis calculation 

 

3.1 Data analysis and evaluation for heating degree 

time calculations  
According to the 11-year temperature data of Düzce 

province, the number of days with a mean temperature 

below 15 ° C was calculated and a graph was created 

(Figure1). Number of days remaining below 15 ° C 

(days in need of heating); least in 2011 164 days and 

most in 2011 with  213 days. The average number of 

days in need of heating is 192 days. 

 

 
Figure 1.  Chart showing days remaining below the average temperature of 15 ° C according the years. 

 

Heating degree day values were calculated for the 

equilibrium temperature of 15 ° C. (Figure 2). 

According to Figure 2, the maximum heating degree 

day value was 2318 in 2011, while the minimum 

heating degree day value was 1620 in 2010. Also the 

average yearly 1938 heating degree day value was 

obtained. 
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Figure 2. Heating degree day values for 15 ° C. 

 

After the calculation of the degree day, a degree hour 

was calculated to compare. Table 2; Shows the 

monthly and annual number of 3 different equilibrium 

temperature measurements.Looking at the 11-year 

data: 

 The monthly measured number of 

temperatures below 5 ° C varies between 448-

13. The average monthly rate is 122. 

 The monthly measured number of 

temperatures below 10 ° C varies between 

639-121. The average monthly rate is 249. 

 The monthly measured number of 

temperatures below 15 ° C varies between 

714-407. The average monthly rate is 348. 

 The monthly measured number of 

temperatures above 15 ° C varies between 

337-30. The average monthly rate is 77. 

Figure 3 shows the annual total number of hourly 

measurements of different equilibrium temperatures. 

According this; 

 The sum of the annual measured values of 

temperatures below 5 ° C is maximum 1849. 

The average is 1454.  

 The sum of the annual measured values of 

temperatures below 10 ° C is maximum 3688. 

The average is 2989.  

 The sum of the annual measured values of 

temperatures below 15 ° C is maximum 4614. 

The average is 4176.  

 The sum of the annual measured values of 

temperatures above 15 ° C is maximum 1142. 

The average is 920.  

 

 
Figure 3. Annual total number of hourly measurements of different equilibrium temperatures. 
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Table 2. Monthly and annual number of 3 different equilibrium temperature measurements.

 
 

3.2 Data analysis and evaluation for cooling degree 

time calculations  
According to the 11-year temperature data of Düzce 

province, the number of days with a mean temperature 

above 22 ° C was calculated and a graph was created 

(Figure4). Number of days remaining above 22 °C 

(days in need of cooling); least in 2011 46 days and 

most in 2010 with  84 days. The average number of 

days in need of cooling is 71 days 

.

 

 
Figure 4. Chart showing days remaining above the average temperature of 22 ° C according the years. 



Journal of Engineering Research and Applied Science Volume 7 (2), December 2018, pp 994-1001 
 

999 

Sen et al / Heating and cooling degree-time calculations for Duzce 

Cooling degree day values were calculated for the 

equilibrium temperature of 22 ° C. (Figure 5). 

According to Figure 5, the maximum cooling degree 

day value was 253 in 2010, while the minimum 

cooling degree day value was 83 in 2011. Also the 

average yearly 154 cooling degree day value was 

obtained.  

 

 
Figure 5. Cooling degree day values for 22 ° C. 

 

After the calculation of the degree day, a degree hour 

was calculated to compare. Table 3; Shows the 

monthly and annual number of 3 different equilibrium 

temperature measurements.Looking at the 11-year 

data: 

 The monthly measured number of 

temperatures above 22 ° C varies between 

451-146. The average monthly rate is 311. 

 The monthly measured number of 

temperatures above 27 ° C varies between 

191-39. The average monthly rate is 118. 

 The monthly measured number of 

temperatures above 32 ° C varies between 29-

3. The average monthly rate is 17. 

 
Table 3. Monthly and annual number of 3 different equilibrium temperature measurements. 

 
Figure 6 shows the annual total number of hourly measurements of different equilibrium temperatures. 

 

According this; 
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 The sum of the annual measured values of 

temperatures above 22 ° C is maximum 1850. 

The average is 1554. 

 The sum of the annual measured values of 

temperatures above 27 ° C is maximum 753. 

The average is 587. 

 The sum of the annual measured values of 

temperatures above 32 ° C is maximum 135. 

The average is 81. 

 

 
Figure 6. Annual total number of hourly measurements of different equilibrium temperatures. 

 

4. Results and discussion 

 

In our study, heating and cooling degree time data 

have been prepared for use in the energy estimation 

and heat load calculations of the buildings for Düzce 

province. 

 

The hourly temperature data to be used in the 

calculations ( between 2007-2017) were obtained 

from the State Meteorological Services in Düzce. The 

obtained data was transferred to excel and the data was 

checked for incorrectly and missing. After correcting 

the problem data by taking into consideration the 

average temperature values, 15 ° C for heating and 22 

° C for cooling, equilibrium temperature time 

calculations were made in addition, 11 years and 

yearly 8760 hours of annual temperature data from 

tables and graphics were extracted and examined in 

detail. Some results are summarized below: 

 It is determined that an average annual 

heating of 192 days is required for the 15 ° C 

equilibrium temperature. 

 The average annual heating degree-day value 

is 1938. 

 The average annual heating temperature 

rating for an equilibrium temperature of 15 ° 

C is 4176. 

 It is determined that an average annual 

cooling of 71 days is required for the 22 ° C 

equilibrium temperature. 

 The average annual cooling degree-day value 

is 154 derece. 

 The average annual cooling time for the 

equilibrium temperature of 22 ° C is 1554.
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