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Currently there is not so much research 
on how to reduce the mismatch in 
non-residential existing buildings

Problem 
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To develop knowledge on how to reduce the mismatch between 
energy demand and supply in non-residential existing buildings.

Objective 
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To develop knowledge on how to reduce the mismatch between 
energy demand and supply in non-residential existing buildings.

Objective 

Research question

Which are the parameters and technologies that could help 
to reduce the mismatch between demand and supply in the renovation of 

non-residential existing buildings by proposing the renovation of a case 
study building towards energy flatness? 
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Methodology
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Energy flatness is a state in which the energy demand and supply  
match at any time of the year (Höfte, 2018)

Energy supply - Energy Demand = 0

Energy Demand 

Energy Supply

Energy flatness 
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Energy flatness is a state in which the energy produced and the energy 
demand match at any time of the year

Energy supply - Energy Demand - Complementary energy system = 0

Energy Demand 

Energy Supply
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Thermal balance
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Thermal balance
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KPI 1 -  Absolute energy Flatness 
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KPI 2 -  Maximum Mismatch Peak
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KPI 3 -  Maximum Cumulative Energy Mismatch

CEM = Cumulative Energy Mismatch 
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to analyze the mismatch I used a 
case study building 
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Gemini South building - Technical University of Eindhoven

Case study - Gemini south 
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Gemini South building - Technical University of Eindhoven

4th floor - Energy simulation 



I26 Energy flatness in the renovation of non-residential existing buildings / P5 Presentation / Jun 24 - 2019 I27

Problem statement Methodology Energy flatness Case study Renovation proposal Conclusion



I28Energy flatness in the renovation of non-residential existing buildings / P5 Presentation / Jun 24- 2019

Problem statement Methodology Energy flatness Case study Renovation proposal Conclusion

0,0

100000,0

200000,0

300000,0

400000,0

500000,0

600000,0

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Model data - Heating supply Real data - Heating supply (Outcome from the ATES + boiler)
Real data - Cooling supply (Outcome from the ATES) Model data - Cooling supply
Real data  - Electricity supply Model Data - Electricity supply

Comparison between energy supply for heating cooling and electricity  from TU/e data Vs . Desing Builder model 
kWh

0,0

100000,0

200000,0

300000,0

400000,0

500000,0

600000,0

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Model data - Heating supply Real data - Heating supply (Outcome from the ATES + boiler)
Real data - Cooling supply (Outcome from the ATES) Model data - Cooling supply
Real data  - Electricity supply Model Data - Electricity supply

Comparison between energy supply for heating cooling and electricity  from TU/e data Vs . Desing Builder model 
kWh

Cooling
58 kWh/m2/year

Electricity
133 kWh/m2/year

Heating
122 kWh/m2/year

Current energy demand



I28 Energy flatness in the renovation of non-residential existing buildings / P5 Presentation / Jun 24 - 2019 I29

Problem statement Methodology Energy flatness Case study Renovation proposal Conclusion

Electricity
133 kWh/m2/year

0,0

100000,0

200000,0

300000,0

400000,0

500000,0

600000,0

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Model data - Heating supply Real data - Heating supply (Outcome from the ATES + boiler)
Real data - Cooling supply (Outcome from the ATES) Model data - Cooling supply
Real data  - Electricity supply Model Data - Electricity supply

Comparison between energy supply for heating cooling and electricity  from TU/e data Vs . Desing Builder model 
kWh

Validation



I30Energy flatness in the renovation of non-residential existing buildings / P5 Presentation / Jun 24- 2019

Problem statement Methodology Energy flatness Case study Renovation proposal Conclusion

Current energy demand

0

1000000

2000000

3000000

4000000

5000000

6000000

7000000

Energy demand in the current building

kW
h/

ye
ar

Current Energy demand in the Gemini south building 

Process equipment

Lighting

Equipment

Process cooling

Cooling

DHW

Heating2496 MWh/year

26 MWh/year

1582 MWh/year

776 MWh/year

360 MWh/year

646 MWh/year

33 MWh/year



I30 Energy flatness in the renovation of non-residential existing buildings / P5 Presentation / Jun 24 - 2019 I31

Problem statement Methodology Energy flatness Case study Renovation proposal Conclusion

0

1000000

2000000

3000000

4000000

5000000

6000000

7000000

Energy demand in the current building

kW
h/

ye
ar

Current Energy demand in the Gemini south building 

Process equipment

Lighting

Equipment

Process cooling

Cooling

DHW

Heating

Current mismatch of energy - KPI 1

Heating = 



I32Energy flatness in the renovation of non-residential existing buildings / P5 Presentation / Jun 24- 2019

Problem statement Methodology Energy flatness Case study Renovation proposal Conclusion

0

1000000

2000000

3000000

4000000

5000000

6000000

7000000

Energy demand in the current building

kW
h/

ye
ar

Current Energy demand in the Gemini south building 

Process equipment

Lighting

Equipment

Process cooling

Cooling

DHW

Heating

Current mismatch of energy - KPI 1

Heating = 

Cooling = 



I32 Energy flatness in the renovation of non-residential existing buildings / P5 Presentation / Jun 24 - 2019 I33

Problem statement Methodology Energy flatness Case study Renovation proposal Conclusion

0

1000000

2000000

3000000

4000000

5000000

6000000

7000000

Energy demand in the current building

kW
h/

ye
ar

Current Energy demand in the Gemini south building 

Process equipment

Lighting

Equipment

Process cooling

Cooling

DHW

Heating

Current mismatch of energy - KPI 1

Heating = 

Cooling = 

Electricity = 



I34Energy flatness in the renovation of non-residential existing buildings / P5 Presentation / Jun 24- 2019

Problem statement Methodology Energy flatness Case study Renovation proposal Conclusion

0

1000000

2000000

3000000

4000000

5000000

6000000

7000000

Energy demand in the current building

kW
h/

ye
ar

Current Energy demand in the Gemini south building 

Process equipment

Lighting

Equipment

Process cooling

Cooling

DHW

Heating

Current mismatch of energy - KPI 1

Heating = 

Cooling = 

Electricity = 



Energy flatness in the renovation of non-residential existing buildings / P5 Presentation / Jun 24 - 2019 I35

Problem statement Methodology Energy flatness Case study Renovation proposal Conclusion

I34

Renovation in 3 steps 
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Demand Reduction1
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1 2 On-site energy production
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1 2 3Complementary system
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1 Energy demand reduction
STEP
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To reduce heat losses through infiltration and transmission 

1



Energy flatness in the renovation of non-residential existing buildings / P5 Presentation / Jun 24 - 2019 I41

Problem statement Methodology Energy flatness Case study Renovation proposal Conclusion

To increase solar gains 

1
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1

To allow for natural ventilation 
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To optimize equipment electricity demand 
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Renovation south façade 
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Renovation South façade 

Tripple clear glazing
3mm/13mm argon gap.

LowE coating in the inner pane
g-value 0.57

 U-value 1.6 W/m2K

L Profile 120-80-8

Window frame plastic uPVC
  U-value 3.4 W/m2K

Manual and automated
openable window

6mm metal cladding
122 mm extruded polystyreneRc value

4.5 m2K/W
13mm Gypsum plasterboard

Detail B
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Renovation south façade 
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Renovation south façade 
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Renovation north façade 
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Renovation north façade 

 19mm of asphalt

150mm expanded polystyrene

Prefabricated concrete

Concrete beam

Window opening motor

Rc value
4.5 m2K/W

4mm bituminous vapor barrier
70mm of light concrete

20mm Expanded polystyrene

Plastic roof covering with
integrated PV cell modules.

Efficiency of 14% Weight 8.66
Kg/m2, water flow 0.9 Ltr/m2

Mechanical ventilation

Plastic Ceiling
Daylight sensor
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1

??

Mismatch analysis 

Heating = 555 MWh/year

Cooling = 727 MWh/year

Electricity = 1069 MWh/year
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2 On-site energy production
STEP
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2

Heat and electricity for the building
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2

More integration with the building and building services
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Renovation south façade 

Monocrystalline 6 inch, PV cell
size 156.75 x 156.75mm, power 80 – 150Wp/m2.

Thickness 10±1mm, Weight 22.5kg per m2 in a
4mm tempered solar glass, structured,

low-iron content, From Kamaleon solar.

Metal flange

Ventilation grill
Klimalux Ventilation sliders

Window frame plastic uPVC
U-value 3.4 W/m2K

PVT system energiedak allows for people to
stand on top for maintenance purposes

Ventilation grille always open

6mm metal cladding
70mm extruded polystyreneRc value

3.2 m2K/W 6mm metal cladding

Detail C

Sliding windows

Prefabricated concrete balcony

 19mm of asphalt

150mm of expanded polystyrene

Prefabricated concrete

Concrete beam

Window opening motor

Rc value
4.5 m2K/W

Double clear glazing
Low iron 3mm/6mm air gap.

LowE coating in the inner pane
g-value 0.83

 U-value 3.22 W/m2K

4mm bituminous vapor barrier
70mm of light concrete

20mm Expanded polystyrene

Plastic roof covering with integrated PV
cell modules. Efficiency of 14% Weight

8.66 Kg/m2, water flow 0.9 Ltr/m2

Metal flange

Detail A
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Renovation north façade 
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2 On-site energy production 

0

200000

400000

600000

800000

1000000

1200000

1400000

1600000

1800000

2000000

kW
h/

ye
ar

On-site energy production in the 
Gemini south building 

PV

Kameleon

PV/T Electricity

PV/T Heat

1267 MWh/year

450 MWh/year

39 MWh/year
22 MWh/year

El
ec

tr
ic

ity
 

H
ea

t



Energy flatness in the renovation of non-residential existing buildings / P5 Presentation / Jun 24 - 2019 I61

Problem statement Methodology Energy flatness Case study Renovation proposal Conclusion

2

?

?

Mismatch analysis 

Heating = 555 MWh/year1267 MWh/year = Heating 

512 MWh/year = Electricity

Cooling = 727 MWh/year

Electricity = 1069 MWh/year
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3 Complementary energy system 
STEP
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3

Transforming energy for the building 
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33

Storing energy in the building 
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33

Distributing energy in the building 
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3 Complementary energy system 
Without Storage 

Thermal balance 
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33 Complementary energy system 
Without Storage 

Process equipment

Electricity balance 
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3 Complementary energy system 
With Storage 
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3 Complementary energy system 
With Storage 

Thermal balance 
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3 Complementary energy system 
With Storage 

Process equipment

Electricity balance 
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Conclusions 
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Conclusions 

1. The adaptation of the parameters and technologies analized in this research 
HELPED reduce the energy mismatch in a non-residential existing building.
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Conclusions 

1. The adaptation of the parameters and technologies analized in this research 
HELPED reduce the energy mismatch in a non-residential existing building.
2. Physical parameters and location constrain the demand reduction
3. Solar radiation and avaliable area constrain the on-site energy production  
 - More production of solar thermal than electricity in the same area 
4. Demand and production constrain the integration of the complementary energy 
system 
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Conclusions 

1. The adaptation of the parameters and technologies analized in this research 
HELPED reduce the energy mismatch in a non-residential existing building.
2. Physical parameters and location constrain the demand reduction
3. Solar radiation and avaliable area constrain the On-site energy production  
 - More production of solar thermal than electricity in the same area 
4. Demand and production constrain the Complementary energy system is limited 
5. Energy flatness was not reached,  however:
 - Thermal energy can be exported 
 - Electricity has to be imported
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Discussion

1. Only solar technologies were considered
2. Cost feasibility was not part of the scope 
3. The connection between other buildings to solve the mismatch was not 
considered 
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Further Research 

1. Cost analysis of the technologies and parameters 
2. Research on other renewable energy sources (wind, biomass, water, etc)
3. Buildings of different functions 
4. Optimization of the system 
5. Connection with other buildings in the campus 
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Questions 
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Thank you ! 

Gracias !

Dank je!
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