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• Plus energy balance over a life cycle of 
60 years including embodied energy, 
construction, operation*, and demolition 
demands a BIM based integrated 
bioclimatic design process to achieve 
optimal utilization of local renewable 
energy production.

• Tools and processes needs to be 
developed to ease evaluation of embodied 
energy as design parameter in the 
operative dialogue of the design team.

Conclusions

* not inculding energy demand for technical equipment
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Illustration Snøhetta/MIR

Powerhouse is a building that during its lifecycle produces 
more renewable energy than it consumes for production of 
building materials, construction, operation and demolition of 
the building.
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• 16 400 m2 office and contemporary art museum
• Planned building start 2015
• Ambition BREEAM Outstanding
• Energy Positive Building 
• Technology of today (€)

Powerhouse alliance
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Tverrforbindelsen –

new bridge connecting 
the city with the 
waterfront

Fjordplassen a new 
outdoor arena for 
contemporary art in 
Trondheim

Brattøra

Local energy production PV

Energy effective form 
and building envelope

Demand control

Hybrid ventilation

Daylight optimization

Heat exchange with the fjord

Reduction of embodied energy

Energy concept

Illustration Snøhetta/MIR
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Calculated energy consumption

Bjørn Wachenfeldt Jensen, Skanska Schematic design report, 2011

Calculated energy production

Bjørn Wachenfeldt Jensen, Skanska Schematic design report 2011
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Energy balance
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Form follows environment!

Ref. Dokka et al, 2013
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Realtidsanalyse av solinnstråling

1 2

3

BIM based bioclimatic design tools

Realtidsanalyse av solinnstråling

1 2

3
Results 

verified in 
PVsyst

4
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BIM based bioclimatic design

• Dynamic simulations
• Real time evaluation of energy performance
• Goal oriented design process

BIM based bioclimatic design
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Solar optimization

Illustration Snøhetta

Solar optimization

Illustration Snøhetta
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Building volume based on plan of regulations
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Optimization of window and PV distribution
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- Efficient solar cell module 
with 20% efficiency 

- 26 degree angle towards 
south

- Minimal frame area

Building integrated PV

Ref. Bjørn Thorud, Multiconsult Schematic design report 2012
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Simplified energy budget in excel

Embodied energy

Ref. Torhildur Kristjansdottir, 2012
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Ref. Aoife Houlihan Wiberg, 2013

Embodied energy

Embodied energy

Torhildur Kristjansdottir, Schematic design report 2012
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Further research

• Develop a robust BIM based real time evaluation tool for 
informed Embodied Energy design decisions. The current 
ZEB process utilize Rhino BIM to retrieve data on the 
indiviual project, but is highly dependent on manual input 
and extraction. 

• Include wind and ventilation simulations in the optimization 
process.
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