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Let’s go outside! Enabling Australia-wide comparative outdoor testing of perovskite-
based solar devices 
 

Perovskite solar cells, and particularly perovskite–silicon tandem devices, are leading candidates for 
meeting Australia’s ultra-low-cost, high-efficiency photovoltaic (PV) targets. However, their 
commercial readiness is constrained by limited long-term outdoor stability. Despite its critical 
importance, outdoor degradation assessment remains scarce compared to indoor studies and is 
often difficult to compare across sites. 

This paper introduces a national collaborative initiative to establish reproducible, Australia-wide 
outdoor testing infrastructure for these emerging technologies. Specifically, the project aims to 
develop standardised monitoring platforms tailored to tandem and single-junction perovskite-based 
PV devices and to deploy them at multiple sites across the country. By creating and sharing detailed 
measurement protocols, precision hardware, and advanced software, the initiative ensures cross-
site comparability. In addition, it will augment conventional outdoor PV monitoring with outdoor 
photoluminescence imaging. By addressing a critical gap between indoor and outdoor stability 
measurements of perovskite-based single-junction and tandem solar PV cells, this initiative aims to 
accelerate the development of durable, field-ready devices and align national efforts with 
international standards. 

The paper concludes with initial measurement data demonstrating the system’s capabilities. 

Introduction / Motivation 

Perovskite (PVK) and perovskite–silicon (PVK-Si) tandem solar cells are promising candidates to 
meet Australia’s ultra-low-cost, high-efficiency PV targets [1]. Despite rapid progress, their industrial 
viability remains hindered by limited understanding of long-term stability under real-world conditions 
[2, 3]. The scarcity of outdoor degradation assessments of PVK-based devices, compared to indoor 
studies [2-5], compounded by the absence of standardised outdoor testing protocols allowing for 
cross-comparison, remains a major barrier to solving the stability challenge [3, 6]. PVK and PVK-Si 
tandem solar cells research and development in Australia could greatly benefit from addressing this 
gap. 

To tackle this challenge, a collaborative ACAP-funded Australia-wide initiative was launched—
uniting the University of New South Wales, the Australian National University, the University of 
Sydney, the University of Melbourne, Monash University and the CSIRO Energy Centre—with a 
focus on enabling reproducible outdoor testing and reliability assessment of cutting-edge PVK and 
PVK-Si devices. The project aims to deliver both detailed protocols and modular measurement 
platforms with common hardware and software designs, to specifically ensure data comparability 
across diverse geographical sites and timeframes.  

Significant effort has been made to align the activities of this project with international initiatives in 
the same field. Several meetings have already taken place with researchers from the National 
Renewable Energy Laboratory (NREL, USA), where measurement protocols as well as hardware 
and software requirements were discussed. This ensures that the project both leverages existing 
knowledge and contributes to broader international efforts. 

Recognising the potential for significant impact, several PV companies have joined the project as 
partners. Their involvement will enhance the applicability and relevance of the protocols and 
measurement platforms, particularly through expert discussions and the provision of relevant testing 
samples. Overall, the project will strengthen collaboration among Australian research institutes and 
between them and international organisations. 

In addition, recently developed outdoor photoluminescence (PL) imaging capabilities will be 
employed to advance outdoor degradation studies of PVK and PVK–Si devices. 
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Progress to Date and Technical Innovations 

As of today, a functioning pilot monitoring setup is already operational for very low-power devices 
[with maximum power point voltage (VMPP) and current (IMPP) below 1.75 V and 60 mA, respectively], 
enabling the gain of initial outdoor monitoring experience with PVK-based devices. Figure 1(a) shows 
a photograph of the 18 PVK-Si tandem cells (1 cm² active area) fabricated by ANU installed on 
UNSW’s setup, along with a reference single-junction silicon cell and a dummy sample for 
temperature sensing investigation. Figures 1(b) and 1(c) present one of the devices’ maximum power 
point (MPP) and temperature tracking results as an example of the ongoing outdoor monitoring 
campaign. Figure 1(c) shows the power conversion efficiency, corrected to standard test conditions 
(STC: 25 °C, 1000 W/m²) for temperature and irradiance variations. As irradiance deviations from 
STC were minimal on the selected days, output power was linearly scaled. Temperature effects were 
corrected using device temperature coefficients measured prior to outdoor monitoring and assumed 
unchanged. 

 

Figure 1. (a) Photograph of 18 PVK-Si tandem solar cells under test with the low-power-
specific hardware, (b) global in-plane irradiance and recorded maximum power of one 
tandem cell on the 19th of July 2025, and (c) corresponding maximum power density, 
corrected power conversion efficiency and cell’s temperature as recorded at solar noon for 
five clear-sky days over the first four weeks of monitoring. 

Leveraging this experience, expanded hardware has been specifically tailored for advanced PVK-
based research devices. Several discussions with all project collaborators were held to identify the 
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required system specifications based on the expected electrical parameters of Australian devices 
over the next five years. The new generation of hardware and software is designed to be scalable, 
easily reproducible, and flexible enough to meet a wide range of future demands. Currently under 
development, the system will include a simple, standardised solution for device temperature 
measurements, as well as innovative, fully controllable DC electrical loads that enable precise MPP 
tracking and current–voltage scans. Automatic fault detection in electrical measurements is also 
planned for implementation. Monitoring capabilities for core environmental parameters—ambient 
temperature, relative humidity, and irradiance (horizontal, in-plane, direct, and global)—already 
operational at several ACAP sites, will be integrated into the system. On the software side, automatic 
data logging and compilation will provide easy access to all measurement data and metadata in a 
harmonised format. 

Additionally, outdoor PL imaging under full sunlight has been successfully demonstrated for PVK-
based solar cells and modules [7]. This technique offers spatially resolved insights into absorber 
quality and holds strong potential to advance the understanding of outdoor degradation in PVK and 
PVK–Si solar cells. The project, therefore, aims to integrate this innovative technique with global 
electrical parameter measurements within the soon-to-be-developed outdoor monitoring platform. 

By the time of the conference, we anticipate functional deployment of new measurement systems in 
at least one site (UNSW), allowing presentation of outdoor testing results demonstrating the 
functionality of the monitoring infrastructure. Early agreed common measurement protocols will also 
be presented.  

Conclusion 

This project aims at sharing to a broad audience the first, foundational steps toward robust, 
comparable outdoor testing of PVK and PVK-Si solar technologies in Australia. This initiative aspires 
to speed up the development of stable, field-ready perovskite-based devices and promote the 
creation of international common practices for comparable outdoor testing of emerging PV devices, 
providing significant benefits to the Australian photovoltaics research community. 
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