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Abstract 

In the paper, the research study to calculate CO2 emission and energy consumption 

reduction potential through a case district is summarized. As a part of the study, this 

paper is focused on non-residential buildings as offices, shopping center and 

industrial building. Achieving to the maximum CO2 and energy consumption 

reductions in building, the methodology set in the European Union Directive on 

Energy Performance of Buildings (EPBD) 2010 is used. Base buildings are 

determined according to national and international standards to represent the best 

the current building stock. Then the cost optimal and nearly zero energy levels are 

determined by dynamic simulations parametric analysis and global cost calculations 

for each building type. Lastly district energy analysis are performed to determine 

final CO2 emission reduction through the whole settlement. 

Keywords – energy efficiency; cost optimal energy level; nearly zero energy level; 

CO2 emission; district heating and cooling 

1. Introduction  

This study is a part of a research project on “the definition of green 
settlement standards for a case study area in Turkey” and it is conducted by 
Istanbul Technical University and Ministry of Environment and 
Urbanization of Turkey. In Eskişehir, Turkey, a new settlement for 80,000 
people is projected by green settlement principles for environment, social 
life and economical life. The research project aims to constitute a 
methodology for green settlement design projects in Turkey. As a part of 
the project, the study which is summed in this paper aims to reveal the CO2 
reductions potential accounted by buildings and to set the methodology of 
energy consumption and CO2 emissions calculations in a case settlement. 

2. Methodology 

As the research project cover all type of buildings in the case 
settlement, this study covers non-residential buildings as office, shopping 



center and industrial building. For each type of building a base building, a 
cost-optimum building and a nearly zero energy building are determined. 
Base buildings are determined depending on Turkish standards for building 
envelope, lighting systems and mechanical systems and International 
standards are used for uncovered topics by Turkish standards to represent 
generally each type of buildings’ stock. Cost-optimum and nearly zero 
energy buildings are determined by the methodology described in the EU 
Directive of Energy Performance of Buildings, 2010.  Construction costs of 
each building type and each building component which affects the building 
energy performance are determined by the data provided by the Ministry. 

Afterwards the results are evaluated by the data that is received from 
the urban planning team of the research project. By the number of each type 
of building in the settlement and total area, the CO2 reductions are 
calculated for cost optimal and nearly zero energy building cases. 

In the second phase of the study, nearly zero energy case buildings are 
connected to a district heating and cooling system and energy demand for 
heating and cooling for each building is calculated. Finally the CO2 
reductions are calculated for the district heating and cooling system. 

3. Models and Results 

3.1 Base Case Buildings and Results 

Office building model represents high rised and core plan typed 
buildings. The building has 2 belowgrade stores as parking and 9 above 
grade stores as office, service and technical areas. The energy model layout 
can be seen in Figure 1. 

 
Fig. 1 Office Building Energy Model Geometry 

 
The envelope of the office building is designed in conformity with 

national standard TS 825 Heat Insulation Standard [1]. Transparency ratio 
of the envelope is %40 and solar transmittance ratio of the glass is 0.56 and 



visual transmittance ratio is 0.8. Internal gains from people and electrical 
equipments of the office building is modelled in compatible with national 
building energy certification calculation methodology regulation [2]. 
Lighting system power densities are modelled according to ASHRAE 90.1 
2007 Standard, space-by-space method [3]. 

Office building heating setpoint is assumed to be 22°C and the cooling 
setpoint is assumed to be 24°C. Mechanical system of the base building is 
modelled as defined in ASHRAE 90.1 2007 Standard, Appendix G [3] as 
VAV AHUs connected to naturalgas boilers and water cooled chillers and 
minimum required fresh air values are calculated as defined in ASHRAE 
62.1 Standard [4]. Domestic hot water requirements of the building is 
calculated as defined in Heating Facilities Book, Annex XIII-I [5]. 

Office building base case yearly energy consumptions are showed in 
Table 1. 

Table 1. Office Building Base Case Energy Consumption 

 Electricity 
(kWh/m2-y) 

Naturalgas 
(kWh/m2-y) 

Heating 0.00 27.23 

Cooling 5.94 0.00 

Lighting 18.81 0.00 

Equipments 42.80 0.00 

Other Mechanical 
Equipments 

71.88 0.00 

Total Energy 
Consumption 

77.82 27.23 

Total Primary Energy 
Consumption 

183.66 27.23 

 
Shopping Center building has 1 store of parking and 4 stores of cultural 

and trading activities as exhibitions, fair areas, shops, restaurants, theathers, 
multi-purpose hall, library and shops. 

 

Fig. 2 Shopping Center Building Energy Model Geometry 



The envelope of the cultural center building is designed in conformity 
with national standard TS 825 Heat Insulation Standard [1]. Transparency 
ratio of the envelope is %13 and solar transmittance ratio of the transparent 
element is 0.56 and visual transmittance ratio is 0.8. Lighting system power 
densities are modelled according to ASHRAE 90.1 2007 Standard, space-
by-space method [3]. 

Mechanical system of the base building is modelled as defined in 
ASHRAE 90.1 2007 Standard, Appendix G [3] as VAV AHUs connected to 
naturalgas boilers and water cooled chillers and minimum required fresh air 
values are calculated as defined in ASHRAE 62.1 Standard [4].  

Shopping center building base case yearly energy consumptions are 
showed in Table 2. 

Table 2. Shopping Center Building Base Case Energy Consumption 

 Electricity 
(kWh/m2-y) 

Naturalgas 
(kWh/m2-y) 

Heating 0.00 60.53 

Cooling 15.84 0.00 

Lighting 51.71 0.00 

Equipments 17.25 0.00 

Other Mechanical 
Equipments 

63.35 0.00 

Total Energy 
Consumption 

148.14 60.53 

Total Primary Energy 
Consumption 

349.62 60.53 

 
Industrial Center building model represents industrial buildings with 

high internal loads. The building has 1 belowgrade stores as parking and 7 
above grade stores. Production areas in the building constitutes a higher 
portion, as administrative office areas are 30% of total building area. Office 
areas have a higher transparency ratio compared to productional areas. The 
energy model layout can be seen in Figure 3. 

 

 

Fig. 3 Industrial Building Energy Model Geometry 



The envelope of the industrial building is designed in conformity with 
national standard TS 825 Heat Insulation Standard [1]. Transparency ratio 
of the envelope is %20. Process loads emerging from the production 
equipments have a high portion of the total internal gains. Lighting system 
power densities are modelled according to ASHRAE 90.1 2007 Standard, 
space-by-space method [3]. 

Mechanical system of the base building is modelled as defined in 
ASHRAE 90.1 2007 Standard, Appendix G [3] as VAV AHUs connected to 
naturalgas boilers and water cooled chillers and minimum required fresh air 
values are calculated as defined in ASHRAE 62.1 Standard [4]. Industrial 
building base case yearly energy consumptions are showed in Table 3. 

Table 3. Industrial Building Base Case Energy Consumption 

 Electricity 
(kWh/m2-y) 

Naturalgas 
(kWh/m2-y) 

Heating 0.00 43.60 

Cooling 15.23 0.00 

Lighting 26.55 0.00 

Equipments 274.32 0.00 

Other Mechanical 
Equipments 

61.23 0.00 

Total Energy 
Consumption 

377.33 43.60 

Total Primary 
Energy Consumption 

890.49 43.60 

3.2 Cost Optimal and Nearly Zero Energy Building Analysis 

and Results 

For all building types, to define cost optimal and nearly zero energy 
levels, using EnergyPlus dynamic simulation program, parametric analysis 
are performed for thermal insulation thickness, glass  U value, heat and light 
transmittance values, frame U value, different envelope transparency ratios 
for different directions, several shading strategies, different lighting power 
densities, daylighting strategies, day-time and night-time natural ventilation 
strategies, different mechanical efficiency and systems. Afterwards, these 
singular measures are grouped to establish measurement packages. For each 
package, investment and global costs are also calculated. Investment costs 
of the base case buildings are derived from the Ministry of Environment and 
Urbanization data for 2015 unit area construction costs for different 
building types. Similarly the investment costs for each measurement 
package defined above is calculated by using again the Ministry unit prices 
data. Global costs of each building case with different measurement 
package are calculated including investment cost, long term (20 years for 
non residential buildings) energy costs based on primary energy, 



maintenance costs and residual costs.  In the following figures and table, 
pirmary energy consumption and global costs for each packages are 
displayed for each type of building. The measurement package with the 
lowest global cost is the cost optimal building and the measurement 
package with the lowest annual primary energy consumption is the nearly 
zero energy building. 

In the office building case, to reach the nearly zero energy building, 
building opaque envelope insulation thicknesses are increased. Glass U 
value is decreased from 1.8 W/m2K to 1.3 W/m2K. Dependently, glass 
solar heat gain coefficient is decreased from 0.56 to 0.44 and glass Tvis 
value is decreased from 0.8 to 0.71. Additionally, building’s infiltration rate 
is assumed to be improved from 0.5 ach to 0.3 ach. Lighting power densities 
are decreased 20% through the whole building, but the lighting levels 
remained same to ensure the visual comfort. Sunlight sensor is added to 
each zone to provide lighting ekectricity and internal gain reductions. In the 
mechanical system, efficiencies of boiler and chiller is increased. Instead of 
VAV AHUs of base case, fancoil units are used. The necessary minimum 
fresh air is assumed to be given to the zones by fancoil units. Finally, PV 
panels are used for renewable energy source. 

 

 

Fig. 4 Office Building Global Costs and Primary Energy Consumption 
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Table 4. Office Building Base, Cost Optimal and Nearly Zero Energy Case Results 

 Base 
Case 

Cost Optimal 
Case 

Nearly Zero 
Energy Case 

Primary Energy 
Consumption  

(kWh/m2-year) 
88.52 48.79 41.38 

Improvement Ratio (%)  - 44 53 

Global Cost (TL/m2) 150.6 98.9 122.6 

Investment Cost (TL/m2) 43.4 37.6 60.6 

CO2 Emmision [6] 
(kg/m2-year) 

44.39 24.89 18.57 

 
In the shopping center building case, to reach the nearly zero energy 

building, building opaque envelope insulation thicknesses are increased. 
Glass U value is decreased from 1.8 W/m2K to 0.9 W/m2K. Dependently, 
glass solar heat gain coefficient is decreased from 0.56 to 0.48 and glass 
Tvis value is decreased from 0.8 to 0.69. Building’s infiltration rate is 
assumed to be improved from 0.5 ach to 0.3 ach. Led ligting system is used 
and lighting power densities are decreased 40% through the whole building, 
but the lighting levels remained same to ensure the visual comfort. Sunlight 
sensor is added to restaurant and circulation zones. In the mechanical 
system, efficiencies of boiler and chiller is increased. Instead of VAV 
AHUs of base case, for conditioning and fresh air supply fancoil units are 
used. Finally, PV panels are used for renewable energy source. 

 

 

Fig. 5 Shopping Center Building Global Costs and Primary Energy Consumption 

Cost optimal 

region 

Nearly-zero 

region 



Table 5. Shopping Center Building Base, Cost Optimal and Nearly Zero Energy Case Results 

 Base Case Cost Optimal 
Case 

Nearly Zero 
Energy Case 

Primary Energy 
Consumption 

(kWh/m2-year) 
369.45 181.65 94.41 

Improvement Ratio 
(%)  

- 51 75 

Global Cost (TL/m2) 226.07 133.9 140.3 

Investment Cost 
(TL/m2) 

25.94 33.47 87.86 

CO2 Emmision [6] 
 (kg/m2-year) 

94.93 46.77 23.96 

 
In the industrial building case, to reach the nearly zero energy building, 

building opaque envelope insulation thicknesses are increased. Glass U 
value is decreased from 1.8 W/m2K to 0.9 W/m2K. Dependently, glass 
solar heat gain coefficient is decreased from 0.56 to 0.48 and glass Tvis 
value is decreased from 0.8 to 0.69. Additionally, building’s infiltration rate 
is assumed to be improved from 0.5 ach to 0.3 ach. Lighting power densities 
are decreased 20% through the whole building, but the lighting levels 
remained same to ensure the visual comfort. In the mechanical system, 
efficiencies of boiler is increased. Water cooled chiller is changed to air 
cooled chiller with 3 COP. Additional to VAV AHUs of base case, 
baseboard units are added, and reheat coils of base case are removed. 
Finally, PV panels are used for renewable energy source. 
 

 

Fig. 6 Industrial Building Global Costs and Primary Energy Consumption 
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Table 6. Industrial Building Base, Cost Optimal and Nearly Zero Energy Case Results 

 Base 
Case 

Cost Optimal 
Case 

Nearly Zero 
Energy Case 

Primary Energy 
Consumption  

(kWh/m2-year) 
286.70 229.81 180.40 

Improvement Ratio (%)  - 20 37 

Global Cost (TL/m2) 195.94 161.27 171.4 

Investment Cost (TL/m2) 54.42 49.8 80.6 

CO2 Emmision [6] 
 (kg/m2-year) 

73.76 59.56 56.64 

3.3 District CO2 Reduction Potential by Non-Residential 

Buildings 

In the district which is the subject of the research project, there is only 
one shopping center and industrial building. However there are several 
office buildings. Accoingting the number of buildings and their areas, the 
total CO2 emission reduction is calculated. If the buildings use on-site 
mechanical system, 43% of CO2 emmission reduction for cost optimal 
building case and 58% of CO2 emmission reduction for nearly zero energy 
building case are achieved [6]. 

Futher analysis for district heating and cooling system is basicly 
performed. For all office buildings, shopping center and industrial building, 
CHP units with 100MW total capacity and boilers with 30 MW total 
capacity are used. Efficiency for CHP units are basicly %50 for heat 
production and %35 for electricity production. For cooling demand 
electrical chillers with 28 MW total capacity and 3 COP are used. Heat loss 
of the whole distict is assumed to be 15% of the heat distributed. A 
photovoltaic field is also planned for the whole district, so in the district 
calculations, the buildings are assumed that they are not using on-site 
renewable energy, but district renewable energy. Using the EnergyPro 
Simulation Program, the electricity demand occuring from buildings and 
chillers is assured to be met by CHP and PV panels electricity production. 
Additionally biogas produstion potential is also calculated and yearly 
1372000 m3 biogas from organic wastes and waste waters of toilet 
reservoirs.  

In the final case, whole district CO2 emmission reduction is reached to 
85% yearly when compared to base case buildings with on site mechanical 
systems [6]. 

4. Consclusion 

The results showed that, a significant portion of energy consumption 
and CO2 emission reduction can be obtained by simple and low initial cost 



implementations in the buildings. Furthermore, compared to building stand-
alone energy systems, district heating and cooling systems become more 
energy efficient and environment friendly. The calculations showed that 
renewable energy systems are not feasible for base cases as the energy 
consumptions are relatively high. However they become feasible for cost-
optimal and nearly zaro energy cases as energy consumption decreases and 
renewable energy usage proportion increases as a result of energy efficiency 
measurements in buildings. Futhermore, renewable energy system 
installations for whole settlement is become more energy and cost efficient 
compared to building integrated systems as district CHP electricity 
production contribution is added to the system. 
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