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Building Integrated Photovoltaic/ Thermal (BIPV/T) systems:

Combine the BIPV and solar thermal collector concepts generating both 
electricity and heat.
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PV Surface

Insulated 
duct for 

hot air
Insulation

Air inlet

Air-based open loop BIPV/T

Building Integrated PV

BIPV
Status of “net-zero energy” or even
“net-positive”

Local electricity generation centers
(distributed energy network)

Higher architectural and aesthetic integration

Lower material cost (replace conventional
building elements) so
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Paolo Corti et al. "Building Integrated Photovoltaics: A practical handbook for solar buildings' stakeholders," 2020.

ERV Air-source 
Heat Pump DHW
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Bibliothèque de Varennes

source: https://www.canadianconsultingengineer.com/features/varennes-net-zero-library-award-
excellence/

The Varennes library is the first institutional Net-Zero Energy building in Canada.

One of the key technologies facilitating the net-zero energy goal is the use of
BIPV & BIPV/T on the south-facing roof (700m2 ,37º)

• On-site PV, nominal capacity (kWp): 110.5 kW

• BIPV/T air is used as preheated ventilation air

• net EUI: 14.5 kWh/m2y (95% reduction over the national institutional average)

Max ΔT: 29 ⁰C 

210 kWh of heat
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520 kWh of electricity
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https://www.swissinso.com/cis

BIPV applications are still confined to exemplary 
projects. 

WHY?
Integration with the 

building structure
Integration with the

building energy system

B I P V s  a r e  m u l t i f u n c t i o n a l
b u i l d i n g  e l e m e n t s

Structural 
Performance

Hygrothermal 
Performance

Thermal 
Performance

Electrical 
Performance

Daylighting 
Performance

Simulation tools that incorporate holistic assessment 
capabilities through 

Building Information Modelling (BIM)



Integrated Design for Solar Building Envelopes, Sigounis A.M.

BIPV Integrated Design
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Multidisciplinary semantic modelling can support 
decision-making during the design stage and enable 

integrated design for BIPV and solar building envelopes

Identify an optimum solution range for a given set of 
objectives, where energy efficiency and/or energy 

flexibility are prioritized

Source: Loonen et al. (Inverse design for advanced building envelope materials, systems and operation)

Simple + Accurate modelling 
approach targeted especially for BIPV
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BIPV Experimental Testing

 Real weather conditions & Controllable lab conditions

 Full scale systems

 Different colors & patterns

 Different envelope functions

 Different framing options

 HVAC integration

 Smart control studies

Solar Simulator & 
Environmental Chamber

Future Buildings Laboratory 

Enable an inverse, multidisciplinary approach for 
BIPV design
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Questions?
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Anna-Maria Sigounis, PhD student
Centre for Zero Energy Building Studies (CZEBS)
BCEE Department, Concordia University 
Email: sigounisan@gmail.com
LinkedIn: www.linkedin.com/in/anna-maria-sigounis

Thank you!

mailto:sigounisan@gmail.com
http://www.linkedin.com/in/anna-maria-sigounis
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