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• SkinTech project

• Zero Emission Neighbourhoods in 
Smart Cities

• HVIT – Highly insulating windows

• Lab facilities for the future

Selected topics
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3-year project w/ industry partner: Saint-Gobain Byggevarer, Nordan og Schüco Norge

Reserach partner: NTNU, Faculty of Architecture and Design
International partners: Lawrence Berkeley Laboratories og Polytechnico Torino

Aim: …to develop robust technically feasible solutions, models and methodology for design 
of building skins of the future

Advanced building skins with integrated 
technology - SkinTech



28 May 2018

The role of facades
• Importance in architecture

• Large array of functions

• The quality of a building envelope is important: globally
space heating and cooling account for over 30% of all energy 
consumed in buildings, and up to 50% in cold climate 
countries. This share can go over 60% in the residential sub-
sector in cold climates (IEA 2013)

•From "passive design" to "active design"

Adapted from IEA Transition to Sustainable Buildings -
Strategies and opportunities to 2050 (2013)

Presenter
Presentation Notes

 According to the International Energy Agency, building envelopes hold a key stake in meeting sustainability and carbon reduction emissions targets [3]. Facades are central elements because of their role in architecture but they tend to be reduced to being a shield from the weather or a mean of providing shelter. In reality, they take on a much more complex array of functions and must fulfill requirements for security, structural integrity, fire protection, climatic barriers, Renewable Energy Source (RES) platform and more (Fig 1). The quality of a building envelope can directly be related to the energy use in a building since it can be responsible for 20 to 50% of the heating and cooling demand in commercial buildings [4] and over 60% of the total primary energy use in the residential sub-sector [3]. 



Performance metrics for advanced facades

Questions: 
1. How representative are U-value and G-value of the performance of

(glazing) facades when these are in real operation (i.e. not under 
specific boundary conditions)?

2. Can U-value and G-value represent the performance of (more) 
advanced dynamic facades under real operation?

The answere to that is: Advanced facades need more comprehensive, 
complete performance descriptors (metrics)…



• Is it possible to make a "fully glazed" office building with a ZEB 
performance?
• E+ simulations for a case office building

• Baseline; ZEB-level office building

• Full glazing case; increased glazed areas with various shading control strategies

• Outcomes; 
• Case results…

• starting point for performance descriptors/criteria work6
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Experimental work

• Evaluate the adaptive thermal comfort (as defined 
in the ASHRAE 55-2013) in office buildings with 
advanced facade systems 

• running with hybrid ventilation systems (natural 
and mechanical).

• estimate the influence from natural ventilation and 
thermal radiation on the thermal comfort of office 
users

• Preliminary studies ok => CFD and experimental 
studies in the pipeline
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Thermal comfort and energy performance in 
buildings with advanced facade systems
- experimental work

• Scope of the project is to study
• Adaptive thermal comfort models w/ outdoor temp. < 10C 

(minimum threshold in ASHRAE 55 and EN 15251)

• Influence of different control strategies for window opening 
and shading on measured and perceived thermal comfort 
and energy performance

• Effects of thermal mass on indoor environment and energy 
demands
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ZEB
TEST CELL

Presenter
Presentation Notes
Vi har laboratorier for forskning på interaksjon mellom ulike teknologier i ZEB Test Cell, men i mindre skala og uten kobling til energisystem




Outdoor test cell categories

ZEB
Test Cell

Presenter
Presentation Notes
Advantages of having comparative and calorimetric: test on two technologies simultanously with calorimetric procedure; test on same technologies with different (indoor air/humidity) boundary conditions.



Facility layout
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Working plan

• Phase 1: Getting started…

• Phase 2: test airflow network through opened window to match CD 
factor in IDA ICE for simulations

• Phase 3: validate IDA-Ice model and CFD model with test cell 
measurement

• Phase 4: Qualitative and quantitative comfort assessments 
combined with energy performance measurements

• Phase 5: Thermal mass assessments

• Phase 6: Double skin or Hybrid double skin facades assessments

13



BiPV – PV coated sholar shading lamellae

• Bestest case 600
• Floor area: 48 m2

• Window 2 x (3x2m2)

• 105 mm lamella from Schüco
• 4 angles:

0 – 45 deg



Research questions

1. To what extent is it possible to balance competing uses (electric 
energy conversion vs. daylighting) of solar energy through advanced 
façade systems?

2. How can complex simulations tools support the design of such 
façade systems, optimizing different uses of solar energy?



DA, cDA og SRP at different lamella 
configurations



Cases for further optimization



Theoretical energy demand covereage

ID
Annual SRP 
(kWh)

Annual electricity 
conversion (kWh)

Coverage of annual 
delivered energy (%)

Annual delivered 
energy (kWh)

16-A 7719 1158 21,0 5520
16-G 8835 1325 24,0 5520
19-B 9498 1425 25,8 5520
22-A 9688 1453 26,3 5520

Assumptions:
Efficiency – 15%
Energy demand– 115 kWh/m2 (Norwegian standard office building)





Responsive buildings definitions

• What: 
– Develop a definition of the concept "Responsive buildings". 
– Identify technical solutions that enable responsive buildings
– Assess energy performance of responsive buildings and 

technologies (in cooperation with PhD)

• Why this work is important for ZEN: 
– To gain a common understanding on what a responsive building is 

to enable development of technologies, concepts and tools for 
design and realization of such buildings
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Responsive technologies
• What: 

– Mapping and analysis of existing Responsive and Energy Flexible buildings 
– Technical solutions, equipment and building operation that enable buildings to become 

responsive
– Energy performance of responsive buildings and technologies (in cooperation with PhD)

• Why this work is important for ZEN: 
– To gain better knowledge about state of the art technologies and the energy saving 

potential of such technologies in buildings located in Norway. This activity will be based on 
the work on the responsive building definition and will also follow and support the 
research of the PhD. 

• Connection to pilot project:
– Oslo/Furuset2
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Highly insulating windows project - HVIT
• Togehter with a mid-size Norweigan, the aim is to evlop windows with 

U-values as low as 0.43 W/m2K (0.076 Btu/hr-sq ft °F)

• Development of "slim frames" 
• Multiobjective optimization of window frames using 3D modeling

• Using frame - glazing unit strenght interaction to reduce frame areas?

• 4-pane glazing units with thin intermittent layers

• Plug-and-play window mounting solutions (airtight and easy to use)

• Business models and efficient production methods – mass customization
23



ZEB Flexible Lab 

Presenter
Presentation Notes
Vi mangler laboratorium for forskning på interaksjon mellom mennesker og teknologi/bygg i en arbeids- og undervisningssituasjon, og for interaksjon mellom bygg og energisystem – ZEB Flexible Lab vil gi oss dette

Et laboratorium for utvikling av internasjonal konkurransedyktig industri
Et laboratorium for kunnskapsgenerering på høyt internasjonalt nivå
En forskningsarena for utvikling av nullutslippsbygg og interaksjon menneske og teknologi/bygg
En arena for reduksjon av risiko når man implementerer løsninger for nullutslippsbygg 
En nasjonal ressurs for alle forskningsorganisasjonene innen området
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Timeline

• Construction start 1st April

• Completion 1st January 2020



2018.05.28

Focus on prosibilites for research and innovation

Presenter
Presentation Notes
Det planlagte konseptet for bygget inneholder flere innovative løsninger som har stort potensiale for overføring til andre bygg: 
Nye arbeidsplassløsninger
Nye styringssystemer for alle tekniske systemer med posisjonering og interaksjon fra brukere
Flere typer innovative ventilasjonskonsepter
Ny type termisk energilagring
Innovativt varmepumpesystem som benytter 3 ulike kilder for overskuddsvarme
Nytt konsept for kombinert solcellesystem og termisk solfanger
To nye typer BIPV-systemer for integrering av solcellemoduler i bygninger basert på både «høyeffektive standard» monokrystallinske paneler med kjøling og skreddersydde fargede fasadeløsninger. 
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