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calculated by the following formula for energy consumption:

Ep,EP = 100(
EP a

EP r
). (1)

GHGs are calculated from the following formula:

Ep,SEG = 100(
SEGa

SEGr
). (2)

Here, SEG is the amount of GHGs released from a building (kg CO2/m
2 year); Ep is the energy performance

of the building; EP is the amount of the primary energy consumption of the building (kWh/m2 year); r

is the reference building; and a is the actual building. The same table is used for classification of both energy

consumption and GHGs [45]. According to Ep values, energy performance classifications of buildings are shown

in Table 1.

Table 1. Energy performance classes of buildings.

Class of energy Ranges of Ep

A 0–39
B 40–79
C 80–99
D 100–119
E 120–139
F 140–174
G 175–. . .

3. Data collection and case study

In order to create an energy performance analysis, current situations of residential buildings are examined. The

main goal in collecting related data is to make a better assessment of the energy performance of buildings and to

present a comparison of different scenarios. The developed building model was mainly established by using data

stored in the Turkish Statistical Institute (TÜİK), State Statistics Institute (DİE), and General Directorate of

Renewable Energy (YEGM) databases in Turkey [46,47]. These databases contain information about Turkish

building stock. According to this information, there are 19,481,678 residential buildings, and 22% of households

lived in houses constructed after 2000. The average household size is 4, and 73% of residential buildings have a

floor area between 80 m2 and 120 m2 . Incandescent lamps (ILs), energy-efficient lamps, and both lamp types

are used in 13.5%, 44.4%, and 42.1% of residential buildings, respectively. Approximately 8 lamps are used per

house; 23 W compact fluorescent lamps (CFLs) have generally replaced the 100 W ILs to improve the buildings’

energy efficiency.

In this study, 2 main case studies are performed. Two residential buildings (constructed before and after

2000) are modeled considering structural components such as walls, ceiling, floor, windows, etc. Three lighting

scenarios are also created for each building model. For lighting scenario A, only 8 ILs (100 W; 1360 lm) are

used. Both lamp types—4 ILs (100 W; 1360 lm) and 4 CFLs (23 W; 1400 lm)—are used for lighting scenario B.

Only 8 CFLs (23 W; 1400 lm) are used for lighting scenario C. In the residential building simulations, standard

values are used for the heating and cooling systems. Natural ventilation is also included in the ventilation
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system. The reason for considering this approach is that these building models coincide with the definition

in the stored data. These databases are used to develop EPC scenarios that show ways to make the Turkish

residential building stock much more energy-efficient.

All the necessary building information such as architectural, structural, mechanical, and electrical data

is defined in BEP-TR to calculate the energy performance of residential buildings. A portion of the data used

for building simulations is given in Table 2.

Table 2. Some of the data used for EPC scenarios.

Simulation data Scenario 1 Scenario 2
Building floor area 100 m2 100 m2

Window components
Default window built before
2000 (U = 3.87W/m2K)

Default window built after
2000 (U = 2.6W/m2K)

Wall components
Default wall built before
2000 (U = 1.12W/m2K)

Default wall built after
2000 (U = 0.6W/m2K)

Ceilings and floor
components

The default floor /ceiling built before
2000 (U = 1.57W/m2K)

The default floor /ceiling built after
2000 (U = 0.6W/m2K)

Finally, 6 EPCs were produced for the different cases. These scenarios are also summarized in Figure 2.

EPC scenarios

Scenario 1:
Residential building 

constructed before 2000.

Scenario 2:
Residential building 

constructed after 2000.

Scenario 1-A:
Only 100 W ILs used in 

building lighting.

Scenario 2-A:
Only 100 W ILs used in 

building lighting.

Scenario 1-B:
100 W ILs and 23 W CFLs 
used in building lighting.

Scenario 2-B:
100 W ILs and 23 W CFLs 
used in building lighting.

Scenario 1-C:
Only 23 W CFLs used in 

building lighting.

Scenario 2-C:
Only 23 W CFLs used in 

building lighting.

Figure 2. EPC scenarios.

4. Results and discussion

The results of the energy performance analysis of buildings are presented in this section. The main goal of

this study is to show what the consumption of residential building stock is and how energy can be saved.

Energy consumption and GHGs of residential buildings were calculated using BEP-TR. A total of 6 EPCs were

produced; simulation results of building energy performance scenarios are given in Table 3.
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