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Executive Summary 

State-of-the-art on solar envelope systems 
The present document includes a state-of-the-art review of solar envelope systems that are already on the market 

or that can potentially reach that stage in a short-medium timeframe (Technology Readiness Level Ó 4). The 

analysis focuses on the technological integration of such solutions in the envelope and building, but non-technical 

issues such as aesthetic, architectural integration and customer acceptance are also tackled. For the sake of 

simplicity, the solar envelope systems are classified in: 

¶ Solar harvesting systems: systems that generate electricity or heat; 

¶ Solar gains control systems: systems that control daylight / incident solar radiation entering the building, 
reducing the need for active heating and cooling; 

¶ Hybrid systems: combination of solar harvesting and solar gains control systems. 

SWOT analysis 
In this study, a SWOT analysis was conducted to investigate a range of technologies and solar envelope system 

products. The SWOT analysis is a well-known product (or business) analysis method, whose purpose is to assist 

the strategic planning of a company by providing an insight on internal and external issues that have an impact on 

the success of the product. The process involves the identification of strengths (S) and weaknesses (W) of the 

product as well as opportunities (O) for growth and threats (T) presented by the external environment. More 

specifically, strengths and weaknesses are factors that have an internal origin over which there is some measure 

of control. Opportunities and threats are external factors that is hardly possible to influence. 

 

Figure 1. Visual representation of a SWOT analysis matrix. 

In order to facilitate the process of identifying strengths, weaknesses, threats and opportunities, it is possible to ask 

the following questions: 

Strengths 

¶ What are the advantages of the product? 

¶ What are the unique selling points? 

¶ What qualities or aspects can persuade 
customers to choose this product? 

Weakness 

¶ What weakness could be improved in the design? 

¶ How does our performance compare with our 
competitors? 

¶ What issues should be avoided? 

Opportunities 

¶ What are the opportunities for the new 
product? 

¶ Are there changes in the market or 
government that can lead to opportunities? 

Threats 

¶ Who are existing competitors? 

¶ Will there be any shift in consumer behaviour, 
government or market that can affect the product 
success? 
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Examples of topics tackled in the SWOT analysis conducted in this study are: 

¶ Added value/Unique selling points 

¶ Architectural integration (Freedom in choosing 
materials and colours, surface appearance) 

¶ Technological integration (Stand-alone system vs 
integration with centralized system) 

¶ Energy savings (Energy demand reduction / RES 
generation) 

¶ Durability of components 

¶ Maintenance 

¶ Ease of installation 

¶ Accessibility to sensible components 

¶ Possibility to customize the product 

¶ User-friendliness 

¶ Customer/User satisfaction  

¶ Potential for pre-fabrication 

¶ Modularity  

¶ Weight  

¶ Performance over competitors 

¶ Comfort enhancement 

¶ Certifications 

¶ Level of maturity of the product  

¶ Payback-time / Investment cost / Disposal costs 

¶ Economic incentives 

¶ Economy of scale 

¶ Typology and extent of reference market segment (High 
volumes market vs niche market) 

¶ Global market trends  

¶ Role of supply chain 

¶ Number of players involved in the product life cycle 

¶ LCCA / LCEA 

¶ Legislative barriers vs legislative openings 

¶ Social barriers 

 

Lessons learned 
In this section, we tried to draw some general conclusions deriving from the overall review of the solar envelope 

system products presented in the continuation of the report. The three analysed sectors (solar thermal integrated 

envelopes, photovoltaic integrated envelopes and natural lighting control solutions) are extremely different as well 

as their market readiness levels. Hence, the following considerations do not apply necessarily to all technologies in 

the same way. Nonetheless, some common points can be identified. 

 

Is there a common ground for building integrated solar envelope systems in the current panorama?  

To answer this question, common threats and opportunities reported by manufacturers are here presented and 

briefly commented: 

¶ Building codes and building-integration: solar technologies integrated in the envelope of buildings must 

comply with construction codes and standards, which in most cases were developed for conventional enve-

lope elements. The lack of adequate test methods and references as well as the presence of regulatory gaps 

is hindering the spread of innovative integrated products. This scenario is further complicated by the varie-

gated panorama of codes and standards that differ from country to country when not from municipality to 

municipality. Nevertheless, the efforts of the scientific community and the lobbying action of growing industries 

can lead to a standardization process and the development of new norms, as done for Building Integrated PV 

(BIPV) solutions.  

¶ Conservative construction sector: multiple producers report that the construction market is in general con-

servative compared to other sectors. While shading solutions are nowadays consolidated praxis in new-con-

struction tertiary buildings, envelope integrated PV and solar thermal products are still a niche markets. Solar 

innovations can hardly find a place in building practices to show an established history of successful installa-

tions. Moreover, the use of simulation tools for preliminary performance assessments is becoming widespread 

in the construction sector. However, the slow penetration of the simulation models of newly developed solu-

tions in standard software used in the industry can also represent a barrier to the adoption of new solutions 

before they gain traction. Support by decision makers to make public buildings available to these technologies 

could play an important role in promoting the adoption of solar envelope solutions in both public and private 

sectors.  

¶ Buildings´ construction process: achieving optimal building-integration of solar components requires ad-

justing the conventional design processes and roles, which may in turn alter ówell-oiledó procedures and be 

met with suspicion at first. Depending on the type of solar envelope product, the traditional roles of the façade 

manufacturer, HVAC installer, interior designer etc. can partially overlap during the building design process, 

as well as in the manufacturing and installation of solar envelope elements. Roles and responsibilities, infor-

mation and material fluxes, liability in front of the costumer, warranties and maintenance become then relevant 

multifaceted issues that must be cleared and planned beforehand.  
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With this respect, the progressive penetration of the BIM practice in the construction sector is believed to be 

a vehicle to a market uptake of the building integrated solar envelope solutions. In addition, although these 

processes may seem to create additional burdens on the companies involved in the construction process, the 

upside is that new opportunities can be generated based on innovative business models and partnerships 

between companies. 

¶ Government policies: the policies adopted by national or supranational institutions (like European Directives 

devoted to promoting the n-ZEB standard for buildings) are perceived to be determinant for promoting the 

integration of different technologies contributing to the energy efficiency of the building. However, because 

this sector is highly diversified, with solutions ranging from PV and solar thermal systems to advanced shading 

solutions and daylighting management, it cannot be easily targeted with a single scheme or policy action. A 

possible relevant action includes policies that support solar energy production, energy efficiency, daylight and 

visual comfort. Likewise, some manufactures believe that CO2 emissions taxation would help the market 

uptake of many integrated solar envelope technologies. 

¶ Increased awareness: over the last years, a rising interest for life-cycle sustainability and human comfort in 

buildings has spread in the construction sector and among the general public. These movements are drivers 

for the adoption of solar envelopes, and are often rewarded when it comes to decentralized green energy 

production, energy savings, black-out security and user comfort. Simultaneously, the building construction 

industry, especially building designers, are gradually becoming more aware of the possibilities offered by solar 

envelope solutions and more informed on the options viable for new constructions and retrofitted buildings. 

This progress is possible also thanks to the dissemination activities promoted by IEA. 

 

What future trends can be highlighted for solar envelope systems? 

A few significant development trends are identified, thanks in particular to the Taskôs review of products being 

studied and tested in laboratories that will be reaching the market in the coming years. 

¶ New materials and applications: new materials entering the market are driving product innovation. For 

example, high-efficiency polymers are now used as absorbers in AVENTA building-integrated collectors and 

light shifting species in Semi-transparent luminescent BIPV windows. The progress in solar façade technology, 

however, doesnôt stop with innovative materials, it also is pushing advances in the manufacturing and 

assembling of existing materials resulting in the development of new concepts, improvement of existing 

technologies and design of new applications from old concepts: an example is the use of solar envelope 

technologies for daylight management and electricity or thermal energy generation in residential to commercial 

sectors. 

¶ Adaptivity: many solar envelope solutions can adapt their behaviour or characteristics to the local climatic 

conditions. The adaption process can be intrinsic and extrinsic and it occur at very different timescales, i.e. 

from seasonal processes (Summer Garden, GAP:skin facade), to instantaneous processes (LCW switchable 

windows). In doing so, they create a balance between offering opportunities for energy savings and 

improvements of the indoor environmental quality. 

¶ Multifunctionality: a prevailing trend in façade technology is multifunctionality, where the envelope element 

is designed to be more than the barrier from the external weather and is invested with additional functions. 

Most of the solar envelope concepts analysed in SHC Task 56 integrate RES generation or advanced daylight 

control and solar protection. In some solutions this is pushed even further by replacing (part of) the buildingôs 

central services, such as the artificial lighting system (Façade-integrated micro-optics) or entire parts of the 

HVAC system (SunRise façade). 

¶ Prefabrication: the practice of assembling a variety of components on a structure at the manufacturing site 

is one of the most common practices in the analysed solar envelope solutions. Compared to traditional 

construction methods, prefabrication offers many advantages, such as the reduction of the 

construction/renovation time, the reduction of the cost of the manufacturing process and a better product 

quality. These aspects are particularly relevant since installing solar components in the envelope structure on-

site would require multiple professionals (i.e. façade installers, plumbers and electricians) to cooperate at 

same time. Thanks to prefabrication, this can be carried out by trained technicians in controlled industrial 

conditions. 

¶ Automation vs passive approach: the operation of several elements in an integrated solar envelope system 

is performed by automatic control logics based on a variety of inputs (e.g. indoor air temperature, solar 

irradiation, occupation) integrated at the component level, at the room/floor/building level or even at the multi-

building or cluster level, depending on the solution. Relevant examples are Kindow sun-tracking verticals and 

roller blinds and Solar Thermal Venetian Blinds. In some cases, as for SmartSkin, the envelope component 

becomes a data source for a smart management of the building, from the HVAC system to automated blinds. 
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At the same time, in the exact opposite way, there is a trend toward completely passive components (for 

example Okalux, Okasolar 3D, DARE-Daylight redirecting film and Gap:skin facade) that once installed do not 

require any type of active control and do not include any actuator. Such solutions are usually advertised as 

low-tech, self-regulating and low/free maintenance. Being completely passive, they are usually durable and 

not subject to users´ possible misuse. 

¶ Architectural integration: as highlighted by many producers, architectural integration (appearance and de-

sign flexibility) is key for acceptance in the building sector. To appeal to architects and building designers 

many solar envelope producers (for example Kromatix, SolarWall, MatrixAir, SunERG X-Color) are investing 

in products that offer a range of colours, installation options and sizes (or even textures, transparency levels 

and materials) to allow for both seamless integrations and stand-out installations. In this sense, BIPV is a good 

example of how industry is evolving to meet the demand of architects and building designers for architecturally 

integrated solutions. In some other cases, the issue of aesthetics is overcome with (almost) invisible products 

(Active insulation, SmartSkin, Micro-optics) that cannot be distinguished from traditional construction materials 

and solutions. 
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Solar Energy Harvesting Systems 

Commercial systems 

SolarWall® Heating Systems 

 by John Hollick, SolarWall, Canada 

Product description 

Brief concept description 

SolarWall heating systems heat air used for ventilation and heating of buildings. SolarWall consists of a perforated 

metal panel absorber that is integrated into sun facing walls of large buildings and connected to the heating 

ventilation fans. The system has been available since the 1990ôs, with particularly positive results in climates where 

space heating represents a large share of the building´s total consumption. 

Architectural and technological integration into the envelope 

SolarWall is a building integrated solution and, once installed, resembles other typical metal wall facades. The metal 

panels are spaced out several centimetres to create an air cavity with the main wall. This air cavity is then connected 

to the buildingôs ventilation fans or HVAC units. The solar panel components are assembled on site to suit the 

existing wall dimensions and openings such as windows and doors. 

The air collectors are unglazed or partially glazed depending on the desired temperature rise. The unglazed wall 

sections offer architects the ability to select from a range of dark colours, with black and dark brown being the most 

popular. Experience gained from thousands of installations over two decades shows that the durability and 

aesthetics of the wall are key factors in deciding whether to proceed with a solar heating technology. The ability to 

work with colours and shapes appeals to the design community for many higher profile buildings. Building 

integration allows the solar heating system to blend in and not become an eye sore. Some clients have resorted to 

including logos or sun images on their walls to identify it as being a solar heating wall rather than just another wall. 

The air collectors have virtually no maintenance, which is especially relevant considering the long-term operation 

of such systems, typically several decades. 

Integration into the building: system and comfort 

All projects require coordination with the designers and installers for the panels, mechanical equipment and controls 

to achieve complete integration into the building and its heating and ventilation and controls systems. The SolarWall 

systems are daytime heaters using the solar energy when available. Heat storage is not generally an option due to 

higher costs and the fact that most commercial, industrial, school and government buildings have minimal 

occupancy at night. It is necessary to have auxiliary heat in buildings. The solar heat is programmed to be the first 

choice followed by the auxiliary heat when solar is insufficient to meet demand. Typical overall energy savings with 

SolarWall are designed to be in excess of 20%. However, some buildings have reported savings over 50% without 

heat storage. 

 

Figure 2. SolarWall installation on a warehouse in Latvia. 
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Figure 3. Roof-mounted SolarWall on a hospital in Spain (left) and Jaguar/Land Rover training centre in England 
with grey collectors to match the colour of the main wall (right). 

 

 

Figure 4. Dark green SolarWall collectors on three walls of a bus garage, New York City. 

 

 

Figure 5. SolarWall installation on the Greater Toronto airport authority building, Canada.  
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SWOT analysis 

Strengths 

¶ The system harvests solar heat with high 
solar collection efficiencies when the sun is 
shining and offers some solar preheating on 
cloudy days 

¶ The solar collectors are architecturally 
integrated into facades and are available in 
various dark colours. The appearance 
resembles conventional metal walls 

¶ The system utilises the existing wall for 
structural support and as the back side of the 
air cavity, achieving cost savings 

¶ The air collectors are easily erected on site 
by metal wall and roof installers 

¶ There are no snow accumulation issues 

¶ No maintenance on the wall system is 
needed 

¶ It is a proven technology installed on 
thousands of buildings since 1990 

¶ The integration with the building automation 
controls is easy 

¶ The upfront investment (cost per square 
meter) is lower with respect to solar liquid or 
PV collectors 

Weaknesses 

¶ Climates with a short heating season are 
less suited for solar heating applications 

¶ It requires buildings with sufficient day time 
heating or ventilation needs, and is generally 
not suitable for residential homes 

¶ It requires a sun facing wall with access to 
the ventilation heating system 

¶ It requires custom design drawings for the 
integration into walls and the coupling with 
the ventilation system 

¶ The installation of a glazing on the upper 
portions of the wall (2-stage system) is 
needed for high temperature applications 

¶ There is no heat storage to cope with time-
shifts between solar radiation availability and 
heating demand 

¶ A bypass ducting is required to access to 
fresh air at ambient temperature when solar 
heat is not required 

  

Opportunity 

¶ Awareness is growing in the building and 
design community about the topic of solar air 
heating 

¶ The payback time is particularly favourable if 
the existing heat source is expensive 

¶ Solar air heating can be easily included in 
energy simulation programs to be 
considered as a solution for meeting 
renewable targets for buildings 

¶ Governments could include solar air systems 
in their incentive programs 

Threats 

¶ Competitors might try to copy the panel 
construction without understanding the 
science behind the precision perforations in 
the panels  

¶ Ventilation systems with heat recovery are 
competitors of solar air heating  

¶ The cost of fossil fuels (e.g. natural gas) may 
remain low in the next years reducing the 
savings achieved with solar air heating  

¶ Governments might abandon climate change 
concerns 

Lessons learned 

¶ Building-integrated solar technologies must be aesthetically appealing to be accepted by the architectural 
community. 

¶ The initial approval or specifying person is normally the architect in new construction and the energy 
engineer in retrofit sales. 

¶ Solar space heating is not included in many solar thermal programs which usually focus only on domestic 
hot water and not space heating. 

¶ Heating buildings with air is not as common in Europe as it is in North America. 

¶ Building integration requires more approvals in many countries than conventional solar panels which are 
not integrated into the wall or roof. 

¶ Clients tend to prefer building integrated designs when offered a choice: architects want an aesthically 
appealing facade and have concerns with appearance of non integrated items such as solar panels. 

 

Further reading 

Company Website: http://solarwall.com/en/home.php 
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AventaSolar building-integrated collectors 

 by Michaela Meir, Aventa AS, Norway 

Product description 

Brief concept description 

AventaSolar collectors are building-integrated solar thermal panels that capture solar heat, which can then be used 

for domestic hot water preparation and/or space heating. The collectors are water-based and consist of a 

transparent cover and a structured hollow sheet of high-performance polymers used as absorber. As shown by 

Carlsson et al. (2014), the use of polymeric solar collectors offers better results in terms of Life Cycle Assessment 

(LCA) with respect to traditional solutions. Furthermore, AventaSolar collectors introduced the innovative use of 

high-performance polymers processed to twin-wall sheets: the process was demonstrated by Aventa and its 

partners worldwide for the first time during early 2010. 

 

 

Figure 6. Cross-section of AventaSolar collectors. 

Architectural and technological integration into the envelope 

AventaSolar solar collectors are designed for building integration, since they are building envelope modules that 

replace regular roof or façade elements. AventaSolar collectors are available in different sizes and their installation 

can perfectly adapt to the building´s envelope surface. The use of polymeric materials results in low-weight modules 

(approximately 8 kg/m2) that are easy to handle and position. The installation can be carried out by any skilled 

building envelope installer without cranes or special equipment other than what is normally available on a building 

site, allowing to achieve time and cost savings. 

Integration into the building: system and comfort 

AventaSolar systems can be used in different scales, from small tap-water systems for private houses to large 

industrial or institutional systems. Preferred applications are in buildings with high domestic hot water demand 

and/or low temperature heating, such as hospitals, sport facilities, schools, multi-apartment buildings, row or single 

houses with floor heating. AventaSolar collectors are integrated to drain-back systems (shown in Figure 9), and 

pure water is used as heat carrier in place of a water-glycol mixture. With this solution, the use of a heat exchanger 

between collector loop and thermal storage is avoided and the overall hydraulic design is simplified since the 

collector circuit is open to atmospheric pressure. The solar system is automatically operated by means of a pump 

controller: water circulates in the collector loop when solar energy can be harvested but drains back to the thermal 

storage during system standstill to prevent overheating or freezing. 

The overall concept is a considerable step forward to demonstrate that an aesthetic and easy integration of solar 

thermal solutions into the envelope is possible: the dimensional flexibility, the simple and non-pressurized hydraulic 

design, the use of standardized plug-and play components together with an appealing design allow AventaSolar 

collectors to overcome many of the barriers that hinder the spread of building-integrated solar thermal technologies. 
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Figure 7. Roof-integrated AventaSolar collectors in a passive-house estate, Oslo, Norway  

(Photo: H. Kicker, JKU, Austria). 

  

Figure 8. Facade-integrated AventaSolar collectors: installations in a multi-family atrium house (solar combi 
system and sound protection wall) on the left and on a school (DHW preparation) on the right. 

 

 

 

Figure 9. Schematics a drain-back solar system during operation (on the left) and standstill (on the right).  
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SWOT analysis 

Strengths 

¶ Modular design: the customisable length of the 
collectors allows an easy and architecturally 
appealing integration into roof and facade 

¶ The low weight of the panels ensures a trouble-
free handling during transport and installation 

¶ Cost savings are achieved thanks to the methods 
for processing polymer materials, the installation 
of non-pressurised collectors and the 
implementation of simple drainback loop design  

¶ The installation of the panels does not require 
HVAC specialists, rather it can be performed by 
any skilled building envelope installer 

¶ The use of pure water as heat carrier makes the 
solution more environmentally friendly 

Weakness 

¶ Non-pressurised collectors are not directly 
compatible with conventional solar system 
components 

¶ The drainback collector loop design in high-
rise buildings requires solar pumps with 
significantly higher electricity consumption 
compared to conventional solar thermal 
systems 

  

Opportunity 

¶ Successful integration examples could inspire 
architects and decisions-makers to adopt this 
solution 

¶ European directives and global agreements on 
lowering carbon emissions in construction sector 
are fertile ground for cost-effective RES solutions 

Threats 

¶ Non-pressurised collector and solar loop 
have yet to become very common and are 
met with scepticism by the heating industry 

¶ Scepticism or little knowledge on high-
performance polymers might hinder market 
penetration 

¶ National or regional building regulations 
prevent the integration of certain polymeric 
materials into the building envelope 

Lessons learned 

¶ The integration of solar systems and related infrastructure in the envelope need to be planned early in the 
building design process. 

¶ Planners, architects and building designers are keen on technologies that are modular and flexible in 
dimensions so that their integration into the building envelope is easier. In general, it is important that the 
solar envelope elements are designed to have similar weight and size as typical building envelope 
modules. 

¶ Working in close contact with the building industry is an opportunity to optimize the workflows and achieve 
cost savings in the installation process of solar envelope systems.  

¶ There is still little knowledge about solar technologies operation and performance. 

Further reading 

Carlsson B., Persson H. Meir M., Rekstad J. A total cost perspective on use of polymeric materials in solar collectors 

ï Importance of environmental performance on suitability. Applied Energy 125 (2014) 10-20. 

Köhl M. et. al. (ed.) (2012). Polymeric Materials for Solar Thermal Applications. Wiley-VCH Verlagsgesellschaft. 

ISBN 978-3-572-33246-5. 393 pages. 
Company website: www.aventasolar.com  
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MatrixAir® Solar Air Heating 

by Brian Wilkinson, Matrix Energy Inc, Quebec, Canada 

Product description 

Background 

Transpired solar air heating technology was developed in Canada. Early findings have led to countless design 

iterations, project demonstrations and system monitoring, numerous research studies and thousands of installations 

to produce todayôs state of the art systems which offer predictable energy savings for the preheating of ventilation 

air in all new or existing commercial, industrial, institutional and multi-residential buildings. 

Brief concept description 

While resembling conventional exterior metal facades, unglazed transpired solar collectors (TSC) use a buildings 

HVAC system to create negative air pressure used to pull air inside the building through a finely perforated, sun-

facing metal absorber. TSCs are cost-effective, efficient, simple, aesthetically pleasing systems that require virtually 

no maintenance over their estimated 40-year useful life. 

 

 

Figure 10. Close up of MatrixAir® absorber. 

Architectural and technological integration into the envelope 

MatrixAirÈ TR systems are specifically designed for harmonious building integration with a buildingsô faade, 

blending seamlessly with its overall look and appearance. Systems may be as conspicuous or as inconspicuous as 

the building owner desires, since the exterior perforated absorber may be made using a variety of exterior profiles 

and dark colours and then site-installed in any orientation. Weighing 1-1.5 kg/m2 of collector area, such systems 

are attached to the new or existing buildingsô structure with a combination of vertical and horizontal framing 

components designed specific to each project. They also serve to create the air cavity in which the preheated air is 

collected and directed to the fresh air inlets. No special tools nor training is required of the exterior metal cladding 

contractors engaged to install such systems in accordance with the engineered MatrixAir® installation drawings 

provided for each system. 
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Integration into the building: system and comfort 

In addition to its ease of architectural integration, transpired solar collectors work seamlessly with the buildingsô 

heating, ventilation and control systems. Preheated air is ducted to the buildingsô centralized HVAC system via 

equally spaced air outlets from the collector or via a top mounted plenum running across the top of the collector for 

distribution within the building. Motorized wall or roof mounted bypass louvers are activated for summer seasonal 

operation or when preheated air is not required. 

Performance is susceptible to elevated ambient wind, thus unit air flow is an important design criterion. Façade-

mounted, metal transpired solar collectors provide optimum return on investment when operated at flow rates of 75 

to 165 m3/h per m2 of collector area; the higher unit air flows particularly suited to tall buildings such as multi-

residential condominiums. 

These are not stand-alone systems: while TSCôs will cost effectively contribute 20% and up to 40% of the energy 

required for ventilation air heating providing a temperature rise of up to 25 °C over ambient temperatures, these 

systems will require an auxiliary heating source in most installations to ensure comfort of the building occupants. 

On average, MatrixAir® systems typically yield 420 to 550 kWh/yr per m2 of collector area. Prefeasibility studies 

and energy savings estimates of the MatrixAir® solar air heating system may be made using RETScreen® software 

developed by Natural Resources Canada. 

 

Figure 11. Installation on IKEA, Retail building. 

 

Figure 12. Installation on an emergency services and training facility, Municipal building. 
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Figure 13. Installation on Light Armoured Vehicle Maintenance Facility, Military building. 

 

Figure 14. Installation on Schluter Systems office building, Industrial building. 

 

Figure 15. Installation on Quebec Animal Pathology Laboratory, 
Institutional building. 

  








































































































































































