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EU project covers 

The CommONEnergy project wants to transform shopping malls into lighthouses of 
energy efficient architectures and systems.  
 
The objective is to re-conceptualize shopping malls through deep retrofitting utilizing 
an holistic systemic approach involving innovative technologies and solution sets. 
 
Performance targets: 
• Up to 75% reduction of energy demand (factor 4), 

• Power peak shaving, 
• 50% increased share of renewable energy source favoured by intelligent energy 

management and effective storage, 
• Improvement of comfort and health conditions for occupants and visitors. 
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enova: averaged measured and temperature corrected delivered energy
TEK07: netto energy demand



Objectives 

Shopping centres within Norwegian urban contexts focusing on  
– technical solutions (ventilation and indoor climate) 
– energy distribution 
– local production of renewable energy 

 
• Development of a framework for the transformation of shopping 

centres that reduces greenhouse gas emissions 
• criteria for maximum installed power   
• annual energy use for  

– heating  
– cooling  
– lighting 
– ventilation 
– equipment  

• Development of criteria for Shopping centres (office, restaurant, 
retail building)  

• CO2 emissions factors 



Method 

3.1  Data analysis 
 

Enova, Norwegian bureau for energy efficiency and renewable energy (2009) 

shops in Norway (avg 510kWh/m2)  

shopping centers (avg. 270kWh/m2)  
in Norway 



Reduce the need for energy 

Reuse/recycle 
energy 

 
Renewable 

supply 

Source: Lechner, Lysen, etc. 

The most environmentally  
friendly kWh is the one that  
is not used! 

Method 



Method 

NS3701: Minimum requirements 
 
characteristics  Building code (TEK) passive house 

NS3701 
U- value walls ≤ 0.18 W/(m2·K) ≤ 0.15 W/(m2·K) 
U- value floor ≤ 0.15 W/(m2·K) ≤ 0.15 W/(m2·K) 
U- value roof ≤ 0.13 W/(m2·K) ≤ 0.13 W/(m2·K) 
U- value windowsa ≤ 1.20 W/(m2·K) ≤ 0.80 W/(m2·K) 
U- value doors ≤ 1.20 W/(m2·K) ≤ 0.80 W/(m2·K) 
Normalized thermal bridge value, Ψ” ≤ 0.03 W/(m2·K) ≤ 0.03 W/(m2·K) 
System efficiency heat recovery, ηT b ≥ 70 % ≥ 80 % 
SFP-factor ventilation system ≤ 2.5 kW/(m3/s) ≤ 1.5 kW/(m3/s) 
Air leakage at 50 Pa, n50 ≤ 2.50 h-1 ≤ 0.60 h-1 
a incl. frames 

b annual mean temperature efficiency 



Method 

NS3700: Internal loads 
 
 building type lighting equipment occupants internal gains (avg.) 
  W/m² W/m² W/m² W/m² 
Office 5 6 4 5.4 

Hotel and 
restaurant 5 1 2 6.0 

Wholesale and 
retail services 11 1 7 8.1 



Method 

NS3700: Average air volume 
 
 building function average airflow 
  during operation outside operation 
  m³/(hm²) m³/(hm²) 

Office 6 1 

Hotel and restaurant 6 1 
Wholesale and retail 
services 12 1 



Method 

NS3700: Annual energy demand for heating and cooling 
 
building function annual energy demand Heat loss, H'' CO2-emissions, m'' 
  Heating Cooling     
  kWh/(m²a) kWh/(m²a) W/(m2·K) kg/(m2·a) 

Office 15 10 0.5 25 
Hotel and 
restaurant 20 10 0.65 40 

Wholesale and 
retail services 20 20 0.65 40 



Method 

NS3031: Delivered energy and CO2 emissions 
 
 
option Heat source Efficiency 

[-] 
CO2 emission 

factors 
[kg/kWh] 

1 electricity 0.98 0.395 
2 oil boiler 0.73 0.330 
3 gas boiler 0.73 0.277 
4 heat pump 2.11 0.395 
5 50% district heating, rest electricity 0.84 0.231 
6 district heating  0.84 0.231 
7 50% DHW solar thermal, rest electricity 8.55 0.395 
8 50% DHW solar thermal, rest heat 

district heating 
8.55 0.231 

9 biofuel boiler 0.84 0.014 
10 CHP with biofuel, covering heating and 

DHW 
0.84 0.014 



Results 

4.1. Climate 
 
 

Presenter
Presentation Notes
The influence of different climatic conditions was analyzed. The results are shown in Figure 3. Heating and cooling demand varies considerably with lowest heating demand in Stavanger (4.3 kWh/(m2 a) and highest in and Karasjok (46.3kWh/(m2 a)) while lowest cooling demand is in Røros with  4.8 kWh/(m2 a) and highest in Oslo (14.4 kWh/(m2 a)).



Results 

4.2. Thermal  
 comfort 
 
 south 

External air temperature 
Air temperature in zone 
Operative temperature in zone 
Supply air CAV ventilation 

Presenter
Presentation Notes
Figure 4 shows a selected south-facing room / shop of 96 m², which is simulated (solar and internal gain) for the assessment of thermal comfort. Shadows / shading from building projections, nearby buildings, vegetation or horizon is not taken into consideration. It is considered the use of effective exterior shading (light blinds). Ventilation is considered in the hottest periods with 15 m³ / m² h, and installed cooling power is 20 W / m² (ventilation cooling). The store is medium weight, with a normalized heat capacity of 67 Wh / m² K. With these measures are maximum operating room temperature of 26.1 º C is assured as shown .



Results 

4.3. Delivered energy and energy labeling 
 
 

Energy supply option 



Results 

4.3. Delivered energy and energy labeling 
 
 

Energy supply option 



Conclusions 

• For an existing shopping centre with three functional pattern  
– office 
– hotel and restaurant 
– retail 

• the standard building code (TEK) as well as the Norwegian 
passive house standard (PH) was applied to the building.  

• The PH concept is a good starting point 
• Development of a framework for the transformation of shopping 

centres that reduces greenhouse gas emissions 

Presenter
Presentation Notes
The PH concept is a good starting point on the conceptual path to minimizing building energy use and CO2 emissions. The PH criteria for retail buildings show small but important differences in the minimum requirements. Especially improved requirements for air tightness needs a careful design and detailed planning. Here, the building sector needs more support and information on predefined construction solutions.The purpose of this study was to develop a framework for the transformation of shopping centres. The potential for decreasing GHG emissions, and therewith mitigating the effects of global climate change, through the improvement of the energy efficiency of existing buildings and communities is an important step in a sustainable transformation. While previous research revealed that improvement of energy consumption and a greening of our buildings are not sufficient to cope with the challenges of climate change mitigation a framework was presented that reduces greenhouse gas emissions and is linked with the role of shopping centres and their typical functional pattern.From an existing shopping centre with three functional pattern (office, hotel and restaurant, and retail) the standard building construction (TEK) as well as the Norwegian passive house standard (PH) was applied to the building. The total energy consumption in the case study was minimized with different measures . Different construction levels with different levels of energy efficiency, different levels of heating demand were analyzed. Different energy supply systems were compared with respect to delivered energy and GHG emissions.Maximum allowable heat loss factors will ensure a building construction quality which is a prerequisite to be able to build buildings with minimum CO2 emissions. Thus, planning according to described criteria can lead to cost effective buildings and energy solutions with simplified building services and minimized energy use and emissions. In the non-residential sector with more complex building services, and with an increase in delivered energy there is an increased need for such criteria. In order to minimize energy use and CO2 emissions it seems appropriate to further link decisions on suitable energy supply systems with regard to related CO2 emissions. It is essential to consider low emissions and energy efficiency at the start of the renovation phase and to establish key targets. Ambitions and intentions should be stated in the building program, containing a finite number of clear and manageable high level objectives. Objectives regarding building suitability, energy demand and building materials should be emphasized and put into specific terms. Emission targets should be related to functions rather than technologies.The results show that some renewable energy supply applications could be more effective than ‘energetic’ refurbishment. The level of local community integration (and commitment) is of special importance (with regard to local renewable energy system size and local district heating distribution). Furthermore, the integration of solar applications into facade and roof refurbishment could further help to find the maximum possible renewable energy supply on-site that could determine the level of building construction (energy and costs) concept in the renovation process.A cost effectiveness analysis comparing refurbishment costs with renewable energy supply system applications should be added. In addition, GHG emissions from operation and production phase must be compared and evaluated. The social component put together from user integration, comfort, and living quality (also on community level) is an important part in sustainable refurbishment projects. We have to acknowledge that the way we live is tightly connected with the way we buy. Supply of goods is linked to quality of life and needs a rethinking in order to be able meet the challenges of climate change mitigation.



Conclusions 

• Total energy consumption was minimized with different 
measures  

• Different construction levels with different levels of energy 
efficiency and different levels of heating demand were analyzed.  

• Different energy supply systems were compared with respect to  
– delivered energy  
– GHG emissions. 

Presenter
Presentation Notes
The PH concept is a good starting point on the conceptual path to minimizing building energy use and CO2 emissions. The PH criteria for retail buildings show small but important differences in the minimum requirements. Especially improved requirements for air tightness needs a careful design and detailed planning. Here, the building sector needs more support and information on predefined construction solutions.The purpose of this study was to develop a framework for the transformation of shopping centres. The potential for decreasing GHG emissions, and therewith mitigating the effects of global climate change, through the improvement of the energy efficiency of existing buildings and communities is an important step in a sustainable transformation. While previous research revealed that improvement of energy consumption and a greening of our buildings are not sufficient to cope with the challenges of climate change mitigation a framework was presented that reduces greenhouse gas emissions and is linked with the role of shopping centres and their typical functional pattern.From an existing shopping centre with three functional pattern (office, hotel and restaurant, and retail) the standard building construction (TEK) as well as the Norwegian passive house standard (PH) was applied to the building. The total energy consumption in the case study was minimized with different measures . Different construction levels with different levels of energy efficiency, different levels of heating demand were analyzed. Different energy supply systems were compared with respect to delivered energy and GHG emissions.Maximum allowable heat loss factors will ensure a building construction quality which is a prerequisite to be able to build buildings with minimum CO2 emissions. Thus, planning according to described criteria can lead to cost effective buildings and energy solutions with simplified building services and minimized energy use and emissions. In the non-residential sector with more complex building services, and with an increase in delivered energy there is an increased need for such criteria. In order to minimize energy use and CO2 emissions it seems appropriate to further link decisions on suitable energy supply systems with regard to related CO2 emissions. It is essential to consider low emissions and energy efficiency at the start of the renovation phase and to establish key targets. Ambitions and intentions should be stated in the building program, containing a finite number of clear and manageable high level objectives. Objectives regarding building suitability, energy demand and building materials should be emphasized and put into specific terms. Emission targets should be related to functions rather than technologies.The results show that some renewable energy supply applications could be more effective than ‘energetic’ refurbishment. The level of local community integration (and commitment) is of special importance (with regard to local renewable energy system size and local district heating distribution). Furthermore, the integration of solar applications into facade and roof refurbishment could further help to find the maximum possible renewable energy supply on-site that could determine the level of building construction (energy and costs) concept in the renovation process.A cost effectiveness analysis comparing refurbishment costs with renewable energy supply system applications should be added. In addition, GHG emissions from operation and production phase must be compared and evaluated. The social component put together from user integration, comfort, and living quality (also on community level) is an important part in sustainable refurbishment projects. We have to acknowledge that the way we live is tightly connected with the way we buy. Supply of goods is linked to quality of life and needs a rethinking in order to be able meet the challenges of climate change mitigation.



Conclusions 

• Maximum allowable heat loss factors will ensure a building 
construction quality which is a prerequisite to be able to build 
buildings with minimum CO2 emissions.  

• Planning according to described criteria can lead to cost 
effective buildings and energy solutions with simplified building 
services and minimized energy use and emissions.  

• In the non-residential sector with more complex building 
services, and with an increase in delivered energy there is an 
increased need for such criteria.  

• In order to minimize energy use and CO2 emissions it seems 
appropriate to further link decisions on suitable energy supply 
systems with regard to related CO2 emissions. 
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The PH concept is a good starting point on the conceptual path to minimizing building energy use and CO2 emissions. The PH criteria for retail buildings show small but important differences in the minimum requirements. Especially improved requirements for air tightness needs a careful design and detailed planning. Here, the building sector needs more support and information on predefined construction solutions.The purpose of this study was to develop a framework for the transformation of shopping centres. The potential for decreasing GHG emissions, and therewith mitigating the effects of global climate change, through the improvement of the energy efficiency of existing buildings and communities is an important step in a sustainable transformation. While previous research revealed that improvement of energy consumption and a greening of our buildings are not sufficient to cope with the challenges of climate change mitigation a framework was presented that reduces greenhouse gas emissions and is linked with the role of shopping centres and their typical functional pattern.From an existing shopping centre with three functional pattern (office, hotel and restaurant, and retail) the standard building construction (TEK) as well as the Norwegian passive house standard (PH) was applied to the building. The total energy consumption in the case study was minimized with different measures . Different construction levels with different levels of energy efficiency, different levels of heating demand were analyzed. Different energy supply systems were compared with respect to delivered energy and GHG emissions.Maximum allowable heat loss factors will ensure a building construction quality which is a prerequisite to be able to build buildings with minimum CO2 emissions. Thus, planning according to described criteria can lead to cost effective buildings and energy solutions with simplified building services and minimized energy use and emissions. In the non-residential sector with more complex building services, and with an increase in delivered energy there is an increased need for such criteria. In order to minimize energy use and CO2 emissions it seems appropriate to further link decisions on suitable energy supply systems with regard to related CO2 emissions. It is essential to consider low emissions and energy efficiency at the start of the renovation phase and to establish key targets. Ambitions and intentions should be stated in the building program, containing a finite number of clear and manageable high level objectives. Objectives regarding building suitability, energy demand and building materials should be emphasized and put into specific terms. Emission targets should be related to functions rather than technologies.The results show that some renewable energy supply applications could be more effective than ‘energetic’ refurbishment. The level of local community integration (and commitment) is of special importance (with regard to local renewable energy system size and local district heating distribution). Furthermore, the integration of solar applications into facade and roof refurbishment could further help to find the maximum possible renewable energy supply on-site that could determine the level of building construction (energy and costs) concept in the renovation process.A cost effectiveness analysis comparing refurbishment costs with renewable energy supply system applications should be added. In addition, GHG emissions from operation and production phase must be compared and evaluated. The social component put together from user integration, comfort, and living quality (also on community level) is an important part in sustainable refurbishment projects. We have to acknowledge that the way we live is tightly connected with the way we buy. Supply of goods is linked to quality of life and needs a rethinking in order to be able meet the challenges of climate change mitigation.



Conclusions 

• Important to consider low emissions and energy efficiency at the 
start of the renovation phase and to establish key targets.  

• Ambitions and intentions should be stated in the building 
program, containing a finite number of clear and manageable 
high level objectives.  

• Objectives regarding building suitability, energy demand and 
building materials should be emphasized and put into specific 
terms.  

• Emission targets should be related to functions rather than 
technologies. 
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The PH concept is a good starting point on the conceptual path to minimizing building energy use and CO2 emissions. The PH criteria for retail buildings show small but important differences in the minimum requirements. Especially improved requirements for air tightness needs a careful design and detailed planning. Here, the building sector needs more support and information on predefined construction solutions.The purpose of this study was to develop a framework for the transformation of shopping centres. The potential for decreasing GHG emissions, and therewith mitigating the effects of global climate change, through the improvement of the energy efficiency of existing buildings and communities is an important step in a sustainable transformation. While previous research revealed that improvement of energy consumption and a greening of our buildings are not sufficient to cope with the challenges of climate change mitigation a framework was presented that reduces greenhouse gas emissions and is linked with the role of shopping centres and their typical functional pattern.From an existing shopping centre with three functional pattern (office, hotel and restaurant, and retail) the standard building construction (TEK) as well as the Norwegian passive house standard (PH) was applied to the building. The total energy consumption in the case study was minimized with different measures . Different construction levels with different levels of energy efficiency, different levels of heating demand were analyzed. Different energy supply systems were compared with respect to delivered energy and GHG emissions.Maximum allowable heat loss factors will ensure a building construction quality which is a prerequisite to be able to build buildings with minimum CO2 emissions. Thus, planning according to described criteria can lead to cost effective buildings and energy solutions with simplified building services and minimized energy use and emissions. In the non-residential sector with more complex building services, and with an increase in delivered energy there is an increased need for such criteria. In order to minimize energy use and CO2 emissions it seems appropriate to further link decisions on suitable energy supply systems with regard to related CO2 emissions. It is essential to consider low emissions and energy efficiency at the start of the renovation phase and to establish key targets. Ambitions and intentions should be stated in the building program, containing a finite number of clear and manageable high level objectives. Objectives regarding building suitability, energy demand and building materials should be emphasized and put into specific terms. Emission targets should be related to functions rather than technologies.The results show that some renewable energy supply applications could be more effective than ‘energetic’ refurbishment. The level of local community integration (and commitment) is of special importance (with regard to local renewable energy system size and local district heating distribution). Furthermore, the integration of solar applications into facade and roof refurbishment could further help to find the maximum possible renewable energy supply on-site that could determine the level of building construction (energy and costs) concept in the renovation process.A cost effectiveness analysis comparing refurbishment costs with renewable energy supply system applications should be added. In addition, GHG emissions from operation and production phase must be compared and evaluated. The social component put together from user integration, comfort, and living quality (also on community level) is an important part in sustainable refurbishment projects. We have to acknowledge that the way we live is tightly connected with the way we buy. Supply of goods is linked to quality of life and needs a rethinking in order to be able meet the challenges of climate change mitigation.



Further work 

• The results show that some renewable energy supply 
applications could be more effective than ‘energetic’ 
refurbishment.  

• The level of local community integration (and commitment) is of 
special importance (with regard to local renewable energy 
system size and local district heating distribution).  

• Furthermore, the integration of solar applications into facade 
and roof refurbishment could further help to find the maximum 
possible renewable energy supply on-site that could determine 
the level of building construction (energy and costs) concept in 
the renovation process. 
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The PH concept is a good starting point on the conceptual path to minimizing building energy use and CO2 emissions. The PH criteria for retail buildings show small but important differences in the minimum requirements. Especially improved requirements for air tightness needs a careful design and detailed planning. Here, the building sector needs more support and information on predefined construction solutions.The purpose of this study was to develop a framework for the transformation of shopping centres. The potential for decreasing GHG emissions, and therewith mitigating the effects of global climate change, through the improvement of the energy efficiency of existing buildings and communities is an important step in a sustainable transformation. While previous research revealed that improvement of energy consumption and a greening of our buildings are not sufficient to cope with the challenges of climate change mitigation a framework was presented that reduces greenhouse gas emissions and is linked with the role of shopping centres and their typical functional pattern.From an existing shopping centre with three functional pattern (office, hotel and restaurant, and retail) the standard building construction (TEK) as well as the Norwegian passive house standard (PH) was applied to the building. The total energy consumption in the case study was minimized with different measures . Different construction levels with different levels of energy efficiency, different levels of heating demand were analyzed. Different energy supply systems were compared with respect to delivered energy and GHG emissions.Maximum allowable heat loss factors will ensure a building construction quality which is a prerequisite to be able to build buildings with minimum CO2 emissions. Thus, planning according to described criteria can lead to cost effective buildings and energy solutions with simplified building services and minimized energy use and emissions. In the non-residential sector with more complex building services, and with an increase in delivered energy there is an increased need for such criteria. In order to minimize energy use and CO2 emissions it seems appropriate to further link decisions on suitable energy supply systems with regard to related CO2 emissions. It is essential to consider low emissions and energy efficiency at the start of the renovation phase and to establish key targets. Ambitions and intentions should be stated in the building program, containing a finite number of clear and manageable high level objectives. Objectives regarding building suitability, energy demand and building materials should be emphasized and put into specific terms. Emission targets should be related to functions rather than technologies.The results show that some renewable energy supply applications could be more effective than ‘energetic’ refurbishment. The level of local community integration (and commitment) is of special importance (with regard to local renewable energy system size and local district heating distribution). Furthermore, the integration of solar applications into facade and roof refurbishment could further help to find the maximum possible renewable energy supply on-site that could determine the level of building construction (energy and costs) concept in the renovation process.A cost effectiveness analysis comparing refurbishment costs with renewable energy supply system applications should be added. In addition, GHG emissions from operation and production phase must be compared and evaluated. The social component put together from user integration, comfort, and living quality (also on community level) is an important part in sustainable refurbishment projects. We have to acknowledge that the way we live is tightly connected with the way we buy. Supply of goods is linked to quality of life and needs a rethinking in order to be able meet the challenges of climate change mitigation.



Further work 

• A cost effectiveness analysis comparing refurbishment costs 
with renewable energy supply system applications should be 
added.  

• In addition, GHG emissions from operation and production 
phase must be compared and evaluated.  

• The social component put together from user integration, 
comfort, and living quality (also on community level) needs to be 
integrated into design decisions.  
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The PH concept is a good starting point on the conceptual path to minimizing building energy use and CO2 emissions. The PH criteria for retail buildings show small but important differences in the minimum requirements. Especially improved requirements for air tightness needs a careful design and detailed planning. Here, the building sector needs more support and information on predefined construction solutions.The purpose of this study was to develop a framework for the transformation of shopping centres. The potential for decreasing GHG emissions, and therewith mitigating the effects of global climate change, through the improvement of the energy efficiency of existing buildings and communities is an important step in a sustainable transformation. While previous research revealed that improvement of energy consumption and a greening of our buildings are not sufficient to cope with the challenges of climate change mitigation a framework was presented that reduces greenhouse gas emissions and is linked with the role of shopping centres and their typical functional pattern.From an existing shopping centre with three functional pattern (office, hotel and restaurant, and retail) the standard building construction (TEK) as well as the Norwegian passive house standard (PH) was applied to the building. The total energy consumption in the case study was minimized with different measures . Different construction levels with different levels of energy efficiency, different levels of heating demand were analyzed. Different energy supply systems were compared with respect to delivered energy and GHG emissions.Maximum allowable heat loss factors will ensure a building construction quality which is a prerequisite to be able to build buildings with minimum CO2 emissions. Thus, planning according to described criteria can lead to cost effective buildings and energy solutions with simplified building services and minimized energy use and emissions. In the non-residential sector with more complex building services, and with an increase in delivered energy there is an increased need for such criteria. In order to minimize energy use and CO2 emissions it seems appropriate to further link decisions on suitable energy supply systems with regard to related CO2 emissions. It is essential to consider low emissions and energy efficiency at the start of the renovation phase and to establish key targets. Ambitions and intentions should be stated in the building program, containing a finite number of clear and manageable high level objectives. Objectives regarding building suitability, energy demand and building materials should be emphasized and put into specific terms. Emission targets should be related to functions rather than technologies.The results show that some renewable energy supply applications could be more effective than ‘energetic’ refurbishment. The level of local community integration (and commitment) is of special importance (with regard to local renewable energy system size and local district heating distribution). Furthermore, the integration of solar applications into facade and roof refurbishment could further help to find the maximum possible renewable energy supply on-site that could determine the level of building construction (energy and costs) concept in the renovation process.A cost effectiveness analysis comparing refurbishment costs with renewable energy supply system applications should be added. In addition, GHG emissions from operation and production phase must be compared and evaluated. The social component put together from user integration, comfort, and living quality (also on community level) is an important part in sustainable refurbishment projects. We have to acknowledge that the way we live is tightly connected with the way we buy. Supply of goods is linked to quality of life and needs a rethinking in order to be able meet the challenges of climate change mitigation.
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