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INTRODUCTION

Australia’s best and brightest solar photovoltaic researchers are making ground-breaking discoveries 

through their ARENA-funded research and development projects. In this spotlight piece, we have captured 

highlights, challenges and opportunities these researchers have come across in their projects and careers, 

which we hope will inspire our readers.

DR. DOOJIN VAK

Dr. Doojin Vak is a principal research scientist at the Commonwealth Scientific 

and Industrial Research Organisation (CSIRO). His research interests include 

printed photovoltaics (PV) for commercialisation and artificial intelligence 

(AI)-assisted research on printed PV. He is leading the ARENA funded project 

entitled “Manufacturing of Printed Perovskite PV Modules”. He is also involved 

in the ARENA funded Australian Centre for Advanced Photovoltaics (ACAP) 

project and leading AUSIAPV collaboration project which is funded through 

ACAP project.

ARENA:  Please tell us about your ARENA-funded project.

DV:   I am leading the “Manufacturing of Printed Perovskite PV Modules” project, also known as the 

“3P Project.” The project aims to develop light-weight flexible perovskite-based photovoltaics 

fabricated by low-cost industrial printing methods. Therefore, we try not to use typical laboratory 

processes in this project. Instead, we test new materials using industry-friendly, scalable deposition 

techniques. Restricting the processes available to us presents additional challenges, but also 

differentiates our project from “proof-of-concept” projects and ensures the technology will be 

readily transferable to industry when completed. 

ARENA:  Why is this project important? 

DV:   Flexible and Printed Electronics (FPEs) are next-generation electronics that will change our lives. 

Printed photovoltaics can be used as a part of integrated FPEs as a power source or can be used  

as a standalone power source. 

Figure. 1: Images of (left) printing of flexible perovskite solar cells and (right) large scale  

printed organic PV.

   Since printed photovoltaics can be deposited onto semi-transparent thin films, it has broad 

architectural potential and can be easily integrated into walls and windows or can be incorporated 

into consumer electronic devices. We can simply laminate it onto any surface. 

   The potential new applications for light weight and flexible power sources allows us to re-imagine 

how solar cells can be used. Before the emergence of photo-absorbing perovskites, organic 

semiconductors were the only option for the photoactive material in printed photovoltaics, but 

their low efficiency diminished their application in commercial products. Perovskites have emerged 

as a promising alternative, and with a record efficiency approaching that of silicon photovoltaics, 

they have created a significant business opportunity for the printing industry. Therefore, we want 

to develop the know-how and technology for high-efficiency flexible photovoltaics which can be 

manufactured by the existing Australian printing industry.

https://arena.gov.au/projects/printed-perovskite-pv-modules/
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ARENA:  What are your biggest achievements in this project so far? 

DV:   We have achieved up to nine per cent efficiency from a roll-to-roll printed perovskite photovoltaic 

module (with a size of 100 cm2). This efficiency is somewhat lower than that of research cells; 

however, the module was made by industrially relevant processes (excluding electrodes) on plastic 

in ambient air, while research cells are typically made by unscalable laboratory techniques on glass 

under a controlled/inert environment.

   It is difficult to form defect-free large area films of perovskites, and it is even harder to do that on 

continuously moving plastic substrates. Due to this challenge, we were only achieving efficiencies 

of around two per cent six months ago. Therefore, achieving nine per cent is a big achievement for 

us. To the best of my knowledge, no one else in the world has demonstrated such efficiency at that 

scale by using only industrial roll-to-roll printing. 

ARENA:  What are the other competing technologies and what differentiates your work from them?

DV:   I believe plastic-based photovoltaics are lighter and more portable compared to other thin-film 

photovoltaics, as well as rigid silicon photovoltaics. When we compare efficiency per area, plastic-

based photovoltaics have lower numbers than competing technologies. However, plastic-based 

photovoltaics can have a high power per weight or power per storage volume. This means the  

use of plastic-based photovoltaics can be advantageous for portable applications.

   Among plastic-based photovoltaics, perovskite photovoltaic has the highest potential efficiency. 

There are other research groups working on the roll-to-roll printing of perovskite photovoltaic, 

including Solliance (European consortium) and the National Renewable Energy Laboratory in the 

U.S. I think we are pursuing a more practical approach to low-cost manufacturing by using existing 

printers that ideally will require less capital investment to convert to our processes. The potential 

manufacturing cost is one of the critical factors that we are considering. Our next challenge is 

replacing costly vacuum-based electrodes by printing. We were the first to demonstrate roll-to-roll 

produced perovskite photovoltaic cells with vacuum-based electrodes, and I am confident we will 

be the first to demonstrate vacuum-free roll-to-roll printed perovskite modules. 

ARENA:  How are you trying to commercialise your research outcomes? 

DV:    As mentioned earlier, we are restricting our processes to ensure they are industry compatible.  

All processes and materials are developed and tested by industrial methods. When the project  

is completed, we will be able to produce a full-size prototype of a portable photovoltaic product.  

We officially aim to achieve modules 10 cm x 10 cm in size. From my experience, a module of that 

size involves significant technical challenges in scaling up. Making even larger modules for practical 

applications should not create additional significant problems. 

   We are planning to have a workshop with various industries in this project. We will be able to 

demonstrate prototypes and “translation ready” processes to potential industry partners. We have 

been calculating the key performance indicators of our photovoltaic, which include power per area, 

power per weight, power per volume, and power per dollar. Industries will be able to see the pros 

and cons of our technology compared to others and may find an application which is of use to their 

marketplace. We may be able to produce much larger scale photovoltaic systems at some stage, 

but portable/off-grid power sources or integrated photovoltaic products are a realistic target as  

the first step. 

ARENA:  What are the biggest challenges and opportunities for photovoltaic R&D projects going forward? 

DV:   In terms of technical challenges, I thought translation from vacuum-based metals to low-cost 

printed electrodes would be the greatest. However, we have already made good progress in that 

area. Now I think the biggest challenge is securing high quality material sources. We have suffered 

from variation between raw material batches, and it can take a few months to identify problems 

with the new batches and reoptimize our processes. This issue has presented a sizeable practical 

challenge to the project. I think the problem will be reduced as we progress in the project. New 

materials are being developed to replace commercial components.



   A challenge in the commercialisation of perovskite photovoltaic is the presence of lead in the 

perovskite material. Whether it has a real impact to the user/environment or not, it will limit the 

application of perovskite photovoltaic, so we need to develop a protocol for managing this aspect 

of the device. We will need to perform case studies on flexible perovskite photovoltaic in various 

working environments to ensure there is no harm. In some applications, lead is not such a concern. 

Space applications are an example of this; perovskites are sensitive to moisture in the air but 

surprisingly resistant to radiation in space. The light-weight flexible perovskite photovoltaic can 

be launched into space in a very compact roll form and unrolled in space, which is a moisture-

free environment. In such applications, flexible perovskite photovoltaic presents a number of 

advantages. We have just started a feasibility study for space applications in CSIRO, and more 

applications will be identified during this project.

ARENA:  How do you see yourself? Engineer, Chemist, Physicist?

DV:   I was very clearly a chemist when I started my PhD, but I am not sure for now. Maybe I can be best 

viewed now as an innovator?

ARENA:  How many students or staff are in your team? 

DV:   This project team involves 12 staff members including three academics, four postdoctoral 

researchers and two PhD students from CSIRO, Monash University, the University of New South 

Wales and the University of Cambridge. It looks like a huge team, but staff are involved in multiple 

projects, so we have to make strategic decisions in regard to where we believe we can make the 

greatest impact with the personnel we have available. 

ARENA:  Can you tell us about your journey to get to this position? 

DV:   I wish I could say that I devoted my life to develop photovoltaic technology, but it was not really  

a planned journey. I was trained as a chemist and used to do chemical synthesis. When I made my 

own compounds, I was interested in their application. Therefore, I learned how to fabricate organic 

opto-electronic devices during my PhD in GIST, Korea. 

   After my PhD, I joined the group of Prof. Andrew Holmes, a famous chemist, at the University 

of Melbourne as a postdoctoral fellow and wished to focus on chemistry as I thought I had done 

enough device fabrication. However, a large consortium project on printed photovoltaics just 

started as I joined, and I was offered the printing role in the project as I already had this skill set. 

Although that was not the plan, I happily took on this interesting role. Throughout the project,  

I developed a unique knowledge base, expanded my skill set in printed photovoltaics, and took  

a job opportunity in CSIRO. I have been continuing my printing photovoltaic activities for ten  

years and am currently leading this ARENA funded project.

ARENA:   What are the qualities which a researcher should possess or what are your tips to aspiring 

researchers? 

DV:   I think a willingness to learn new knowledge and skills is important. Unfortunately, about twenty 

years of learning from primary school to PhD is not enough. I guess there was a time when you 

could become an expert in a single field and use that knowledge for life. However, it seems this  

is no longer the case, and a quickly changing world demands a researcher who continues to learn 

new skills for their entire career. 
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