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Executive Summary 
The project objective was to broaden the value proposition of Building Integrated Photovoltaic 

(BIPV) systems through an enhanced understanding of the performance and optimal design of BIPV 

systems with added thermal functionality, i.e. Building Integrated Photovoltaic Thermal (BIPVT) 

systems.   

In BIPVT systems some of the heat absorbed by the BIPV panels when they are exposed to sunlight is 

captured and then distributed for use as space heating or for other purposes. This process also 

results in cooling of the BIPV modules, which improves their electrical conversion efficiency.   

BIPVT systems can also provide night time space cooling, as a result of radiative cooling of the BIPV 

panels to the night sky. 

 

The project has delivered:  

- A sophisticated model of air-based BIPVT which can be used to analyse the performance of 

BIPVT under a wide range of climatic and operating conditions;  

- Validation of the model using experimental data obtained from the extensive experimental 

work carried out during the project;  

- Three new demonstration and test facilities: a) the University of Wollongong UOW 

Sustainable Buildings Research Centre (SBRC) roof top BIPVT system; b) the Team UOW 

Illawarra Flame Solar Decathlon House BIPVT system; and (c) a unique and flexible solar 

tracking facility for the outdoor testing of BIPVT and BIPVT-PCM (Phase Change Material) 

systems;  

- A decision support software tool to optimise the design and sizing of BIPVT systems to best 

meet a specific building’s demand for heating, cooling and electricity; 

- A design guide that covers BIPVT product design, air handling, control system, installation 

and sizing; and 

- A feasibility study of integrating phase change materials with BIPVT to potentially lower the 

life cycle cost of BIPVT.  

The theoretical analysis and experimental work have shown that BIPVT can be very effective in 

supplying both heat and electricity on cool days in favourable climatic zones of Australia. 
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Project Overview 

Project summary  
The main focus of this project was to develop a systematic approach and methodology to optimise 

the design of Building Integrated Photovoltaic Thermal (BIPVT) systems for existing buildings, with a 

view to lowering cost and improving the value proposition of BIPV. This included a feasibility study of 

the integrating phase change material (PCM) thermal energy storage with BIPVT to further expand 

potential value.  

The project has developed and validated a sophisticated model to analyse the performance of air-

based BIPVT under a wide range of Australian climatic and operating conditions.  

The project has delivered three key test facilities: a) the Team UOW Illawarra Flame Solar Decathlon 

House BIPVT system; b) the Sustainable Buildings Research Centre (SBRC) roof top BIPVT system; and 

c) an outdoor lab-scale BIPVT and BIPVT-PCM test rig.  

A decision support software tool has been developed which is designed to assist: a) building owners 

to understand the performance and cost saving of installing a BIPVT system; (b) designers, builders 

and installers to identify the ideal design configurations of BIPVT systems to ensure optimal 

performance over a wide range of climatic conditions and existing building types.  

A techno-economic analysis of BIPVT for residential buildings under the climatic conditions of major 

Australian cities has been completed to provide general guidance on the economics of BIPVT.  

A feasibility study of BIPVT-PCM integration in terms of energy and thermal benefits and selection of 

appropriate PCMs for major Australian climates has been completed to enhance our understanding 

of the potential roadmap for commercial development of this integrated technology. 

Project scope 
This project is part of a wider scope of work to create a mainstream market for BIPV. This project 

was specifically aimed at lowering the lifetime cost of Building Integrated PV (BIPV) by broadening 

the value proposition of BIPV systems by providing additional thermal functionality aimed at 

improving cell performance and generating low grade thermal energy for space heating and cooling.   

 

The focus of this project was on retrofit solutions to existing buildings as only 1-3% of buildings are 

new built per annum.  The BIPVT module considered includes an air space beneath sheet steel 

supporting thin film, which may be installed above the current roof structure for retrofits. On cool 

days air is passed beneath the PV cells thereby warming air which can then be used for space 

heating or other purposes.  During warm evenings and nights the air is cooled by the process of 

“night radiative cooling” that can be used to assist in space cooling.  In addition, during warm sunny 

weather, air passing beneath the steel sheet will lower the supported thin film PV cell temperature 

and improve the efficiency of the process converting sunlight to electricity.   

The project has involved the following major activities: 
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1. Development of a dynamic simulator for air-based BIPVT retrofit systems; 

2. Investigation of the effects of different design parameters and configurations on the overall 

system operating efficiency; 

3. Development of a systematic design methodology for BIPVT retrofit systems; 

4. Testing and validation of the performance of the dynamic model and actual BIPVT retrofit 

systems; 

5. Development of a decision support software tool and design guidelines;and 

6. Assessment of the feasibility of BIPVT-PCM (phase change material) integrated systems for 

building applications.  

 

Outcomes 
Activity 1: Development of a dynamic simulator for BIPVT retrofit systems 

As part of this project a dynamic simulator for air based BIPVT retrofit systems has been developed. 
The dynamic model was based on the fundamental principles of energy and mass balances. The heat 
transfer equivalent circuit of the modelled unglazed BIPVT module is shown in Figure 1, where air is 
passed through a channel between the PV cell and the base of the roof sheet channel.  
 

 

Figure 1: Illustration of heat transfer equivalent circuit of the BIPVT model. 

 

Activity 2: Investigation of the effects of different design parameters and design configurations on 

the overall system operating efficiency 

Using the dynamic model developed the effects of different design parameters and design 
configurations such as BIPVT length, channel depth, air flow rate, slope and orientation of the PV 
cells on the overall system operating efficiency were investigated. Figure 2 illustrates how variations 
in the length of the BIPVT can influence the overall performance of a BIPVT module. 
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Figure 2: Example simulation results for the efficiency of a BIPVT module as a function of module 
length (location Sydney, module facing north, 3.0 m wide, slope 22.5 ° and air flow rate 113 L/s). 

 

Activity 3: Development of a systematic design methodology for BIPVT retrofit systems 

A systematic design methodology for BIPVT retrofit systems was developed by taking into account 
the physical and economic constraints associated with the installation of the BIPVT system in new 
building and as existing building retrofits. Figure 3 illustrates the major variables considered in the 
systematic design methodology, including house size, climate, roof available area, roof pitch and 
building thermal mass. The systematic design methodology includes two levels of optimisation (see 
Figure 4). The first level is the conventional engineering optimisation approach to determining the 
likely best values of less sensitive variables such as the minimum length of a PVT system and PVT air 
channel depth, unless any of these variables is predetermined. The second level is a genetic 
algorithm-based global optimisation to optimise the key variables which have a significant impact on 
the overall performance of the BIPVT system such as the length and width of the BIPVT system. 
 

 

Figure 3: Variables considered in the systematic design methodology.  
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Figure 4: Schematic of design evaluation methodology used in the decision support tool. 

 

Activity 4: Testing and validation of the performance of the dynamic model and actual BIPVT retrofit 

systems 

The performance of the dynamic model was validated against real operational data collected from 

the BIPVT systems installed on two unique buildings and the purpose-built BIPVT/BIPVT-PCM test 

rig. The modelled performance was shown to match well with each of the experimental 

measurement datasets.  

The first BIPVT system presented here was installed on the Team UOW Illawarra Flame House, a net-

zero energy house, which was the overall winner of the Solar Decathlon China 2013 competition 

(Figure 5). The key overall design feature of the house is that it is a demonstration of how to retrofit 

a typical Australian ‘fibro’ home. This allowed the research team to explore the detailed 

practicalities of how a BIPVT system would be designed and installed in a very common existing 

building typology. 

The installed BIPVT system generates electricity and thermal energy for space heating and cooling 

and includes BIPVT modules on both the north and south facing slopes of the roof. 
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Figure 5: Team UOW Illawarra Flame Solar Decathlon House BIPVT system. 

The second system was installed on the roof of the Sustainable Buildings Research Centre (SBRC) 

building, which is a net-zero energy office building at the University of Wollongong, Australia. As 

with the Illawarra Flame House, this system was designed to demonstrate a retrofit, i.e. the retrofit 

of an air-based BIPVT system to an existing commercial/educational building. The BIPVT system 

(Figure 6) was integrated with the building HVAC system and is able to supply a portion of the 

heating energy required during winter for space heating.  

 

 

Figure 6: SBRC roof top BIPVT system. 

 

BIPVT
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Figure 7 shows a picture of the lab scale BIPVT-PCM test rig which is capable of testing PVT collectors 

up to 3m long, 3 m wide and with a maximum depth of 100 mm. The test rig features an open circuit 

air distribution system capable of supplying 10-380 L/s of air to the collector while accurately 

measuring the air mass flow rate, air temperature and air humidity.  

 

 

Figure 7: Outdoor flexible solar tracking lab scale BIPVT and BIPVT-PCM test rig at the SBRC. 

 

Activity 5: Development of a decision support software tool and design guidelines  

A decision support software tool has been developed to support design and sizing of BIPVT retrofit 
systems, which can be found through http://sbrc.uow.edu.au/. The front page of the decision 
support software tool and the detailed design optimisation interface are shown in Figures 8 and 9. 
 

 

Figure 8: Front page of the decision support software tool. 

 

http://sbrc.uow.edu.au/
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Figure 9: BIPVT design optimization interface. 

 

A design guide that relates specifically to BIPVT systems utilising flexible thin film PV cells (A-Si, CIGS 
or other) integrated with a custom designed roofing profile or steel flashing made from 
COLORBOND® steel was also developed to facilitate the BIPVT product design, air handling, control 
system, installation and sizing. 

 

Activity 6: Assessment of the feasibility of BIPVT-PCM (phase change material) integrated systems 

for building applications 

The feasibility of integrating phase change materials (PCMs) with BIPVT and the potential energy and 

thermal benefits of using various BIPVT-PCM integrated systems in building applications were 

investigated. Figure 10 and Figure 11 show two examples of the use of BIPVT-PCM integrated 

systems for heating, ventilation and cooling of buildings. The overall results show that integration of 

appropriate PCMs with BIPVT can improve the ability of a BIPVT system to provide useful, on-

demand heating and or cooling to a building, potentially lowering the life cycle cost of BIPVT. 
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Figure 10: BIPVT-PCM integrated HVAC system, as implemented on the Illawarra Flame house 
(where S/A, O/A and E/A are the supply, outside and exhaust air, respectively, and Fn and Dn 

represent fans and dampers). 

 

 

Figure 11: An example of a proposed BIPVT-PCM integrated ceiling ventilation system. 

 

Transferability 
This was a collaborative project undertaken by BlueScope Steel Ltd, the Sustainable Buildings 

Research Centre (SBRC), University of Wollongong (UOW) and the Fraunhofer Institute for Solar 

Energy Systems (ISE), Germany, and funded by Australian Renewable Energy Agency (ARENA) 

formally Australian Solar Institute (ASI).  

 

This project is part of a wider scope of work for BlueScope to explore the potential to create a 

mainstream market for BIPV. The knowledge gained will inform aspects of technical design and 
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communications including assistance to current and future collaborative partners. The infrastructure 

built over the course of the project will continue to demonstrate the technology and translate 

project outcomes to others for years to come. The test rig will be of value for product development, 

for design improvements and innovation, and provision of associated performance data. 

 

SBRC has also benefitted in terms of capacity building and reputation. This includes the contribution 

of this project towards the winning of the Solar Decathlon China 2013 competition, and developing a 

state-of-the-art BIPVT-PCM test rig. In particular SBRC has gained a great deal of insight into issues 

such as PCM measurements and characterization involving micro-calorimetry from the visiting 

experts from Fraunhofer ISE, Germany. This has fast tracked SBRC’s capability in this field.  

  

Conclusion and next steps 
The project has delivered a sophisticated model of air-based BIPVT systems which can be used to 

analyse the performance of these systems under real operating conditions and to aid future product 

development. This model was validated by experimental data obtained from extensive experimental 

works on BIPVT-PCM integrated systems.  

The theoretical analysis and experimental work have shown that BIPVT can be very effective in 

supplying heat along with electricity on cool days and cooling via “night radiative cooling ” during 

warmer nights. Integrating PCMs with BIPVT can improve the overall performance of BIPVT storing 

excess thermal energy when available and delivering it when needed.  

 

A design methodology and a decision support software tool have been developed which can assist: 

a) building owners to understand the performance and economics of installing a BIPVT system; b) 

designers, builders and installers to identify the ideal design configurations of BIPVT systems to 

ensure optimal performance and economics for a wide range of climatic conditions and building 

types.  

A feasibility study of integrating PCMs with BIPVT for improving the usability of BIPVT in the short to 

medium term has been completed. This project has shown that BIPVT is a suitable technology for 

use in Australia.  

This project is contributing to a broader BlueScope project to evaluate steel based BIPVT and its 

potential to become a mainstream product for Australian roofing.  Commercialisation success will 

lead to increased penetration of renewable energy and energy efficient solutions for Australian 

buildings. 

 

 



 

13 

Lessons Learnt Report: Development of high temperature 

air-based BIPVT systems 
Project Name: Expanding the value proposition for Building Integrated Photovoltaics: Thin-film 

Building Integrated Photovoltaic Thermal retrofitting of buildings  

Knowledge Category: Technical 

Knowledge Type: Technology  

Technology Type: Solar Thermal 

State/Territory: NSW 

Key learning 
It has been demonstrated that air-based BIPVT systems can be effective in supplying heat and 

electricity during cooler weather. However, the cooling capacity available from night time radiative 

cooling processes during warm nights was found to be limited.  

Retrofitting of BIPVT systems to existing buildings has also been shown to be practicable and 

economically feasible. 

Implications for future projects 

During warm days, when cooling is required in a given building, the relatively low grade heat 

generated by the current BIPVT technology is not of a sufficiently high temperature to drive other 

processes. However, if the outlet temperature of the air from a BIPVT system could be increased to 

approximately 60-80⁰C then it could be used in innovative, heat-driven cooling technologies such as 

desiccant cooling, absorption and adsorption cooling as a heat source. On warm and hot days when 

buildings need more cooling the BIPVT would be likely to supply more heat than is required to 

produce the cooling needed. This type of technology has the potential to mitigate high peak 

electricity demand and growing stress on electricity supply networks.  

Knowledge gap 
Very few studies have been carried out on integrating BIPVT systems with innovative cooling 
technologies and it would appear that no high temperature air-based BIPVT products are available in 
the market.  
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Background 

Objectives or project requirements 

1. Testing and validation of the performance of the actual BIPVT systems using the Team UOW 
Illawarra Flame Solar Decathlon House BIPVT, SBRC roof top BIPVT and the lab-scale BIPVT-
PCM test rig. 

Process undertaken 

We analysed theoretical performance of air-based BIPVT systems under major Australian climatic 
conditions using the BIPVT model developed. We also tested the performance of the actual BIPVT 
systems implemented in two unique buildings and the lab-scale test rig.  
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Lessons Learnt Report: Optimisation of BIPVT-PCM 

integration 
Project Name: Expanding the value proposition for Building Integrated Photovoltaics: Thin-film 

Building Integrated Photovoltaic Thermal retrofitting of buildings 

Knowledge Category: Technical 

Knowledge Type: Technology  

Technology Type: Solar Thermal 

State/Territory: NSW 

Key learning 
Theoretical simulation and testing of experimental prototypes of BIPVT-PCM integrated systems 
showed that appropriate integration of PCMs with BIPVT can improve the ability of a BIPVT system 
to provide useful heating and or cooling to a building, potentially lowering the life cycle cost of 
BIPVT. However, the overall performance of the integrated systems is strongly dependent on the 
PCM types, PCM phase change temperature, storage design, energy flow control and optimisation, 
as well as climatic conditions. 

Implications for future projects 
To maximise the energy and thermal benefits of using BIPVT-PCM integrated systems a future 
project should include a detailed economic analysis, design optimisation and control optimisation. 
This will enhance knowledge of integrated systems for building performance enhancement and 
potential for commercialisation to increase the market share of BIPVT.  

Knowledge gap 
Operation, design optimisation and cost reduction of PCMs have remained the major issues for 
BIPVT-PCM integration. Although the design optimisation of PCM alone is available in the public 
domain, a substantial amount of work is still required for optimisation of BIPVT-PCM integrated 
systems. It appears that a pilot study of using BIPVT-PCM integrated systems in different building 
types has not been carried out in the past. Such a study could minimise the risk of 
commercialisation.  
 

Background 

Objectives or project requirements 

1. A feasibility study of integrating PCMs with BIPVT to determine the possible energy and 
thermal benefits. 
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2. Testing and validation of the performance of the BIPVT-PCM systems to quantify actual 
benefits. 

Process undertaken 

A feasibility study of integrating PCMs with BIPVT was carried out. Two unique test facilities, i.e. the 
BIPVT-PCM-driven heating, ventilation and air conditioning system implemented in the Team UOW 
Illawarra Flame House and the outdoor lab-scale BIPVT-PCM test rig, were built to test the practical 
performance of integrated BIPVT-PCM systems. A Setaram µSC Microcalorimeter™ at the SBRC was 
used to measure the phase change temperature, heat of fusion, and heat capacity of a number of 
PCMs during the course of the present work. 
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Lessons Learnt Report: Implementation of BIPVT retrofit 

systems 
Project Name: Expanding the value proposition for Building Integrated Photovoltaics: Thin-film 

Building Integrated Photovoltaic Thermal retrofitting of buildings 

Knowledge Category: Technical 

Knowledge Type: Technology  

Technology Type: Solar Thermal 

State/Territory: NSW 

Key learning 
Advanced control strategies and algorithms should be developed for real-time control and 
optimisation of air-based BIPVT systems. This includes optimising of fan speeds as a function of 
dynamic weather conditions and scheduling to meet the requirements of householders. 
 
The leakage related to BIPVT components, specifically in dampers, can significantly affect the overall 
performance of the BIPVT system and should be properly addressed during the design, installation 
and commissioning phases of a project.  
 
The design of BIPVT systems should be optimised to best meet the building demand for heating, 
cooling and electricity.  

Implications for future projects 
To maximise the benefits of air based BIPVT systems, in particular for different building types (such 
as multiple residential and commercial buildings) future projects should consider development and 
proving of advanced control and optimisation strategies.  

Knowledge gap 
A pilot study on control and optimisation of air based BIPVT systems for different building types 
(such as multiple residential and commercial buildings) is not readily available. Such a study would 
enhance benefits and help mitigate commercialisation risks.  
 

Background 

Objectives or project requirements 

1. Implementation, testing and validation of control strategies for the BIPVT system 
implemented in the Sustainable Buildings Research Centre building and the Team UOW 
Illawarra Flame House. 
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Process undertaken 

We implemented the BIPVT systems in the Team UOW Illawarra Flame House and the roof top of the 
SBRC building. We also implemented and tested BIPVT in the lab-scale BIPVT-PCM test rig. 
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Lessons Learnt Report: Techno-economic analysis of BIPVT  
Project Name: Expanding the value proposition for Building Integrated Photovoltaics: Thin-film 

Building Integrated Photovoltaic Thermal retrofitting of buildings  

Knowledge Category: Technical 

Knowledge Type: Other (please specify): Techno-economic 

Technology Type: Solar Thermal 

State/Territory: NSW 

Key learning 
The air-based BIPVT modules were found to have a moderate payback period, typically greater than 

most conventional rack-mounted PV systems. The current value of BIPVT systems is tied not only to 

their energy production capabilities, but also to the improved aesthetics and functionality that they 

bring to a building as compared to conventional rack-mounted PV systems. Improved design and 

manufacturing efficiency of BIPVT will help bridge the economic gap with respect to the relatively 

mature market for rack-mounted PV systems. 

Implications for future projects 
This study has shown that BIPVT systems are an attractive technology with moderate payback 
periods. Further analyse of potential areas for cost reduction should be carried out. 

Knowledge gap 
In this study we considered building heating and cooling demand on the basis of National Housing 
Energy Rating Scheme (NatHERS) star ratings.  A more detailed analysis matching BIPVT output with 
building heat demand and its effect on the payback period would improve our understanding of 
BIPVT economics.  

Background 

Objectives or project requirements 

1. Techno-economic analysis t of BIPVT systems  

Process undertaken 

We performed a techno-economic analysis to find out possible installation costs and payback 
periods of BIPVT systems. This analysis was based on our modelling capability and understanding of 
BIPVT installation costs.  In this study most of the data was taken from available literature and 
adapted to the Australian market.  
 
 


