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Center Director
2021 was another record year for the solar cell (PV) 
industry in terms of new installed capacity of PV power 
plants. At the time of writing, the installed global capacity 
has reached 1 TWp, which combined produce above one 
petawatthour (PWh) every year. This is a giant milestone 
for the PV industry. Within the next 4 to 5 years, another 
TWp is anticipated, the third, fourth and fifth TWp will each 
take even less time to install. The world is becoming solar 
powered at a tremendous pace!

The reason for the growth is clear: the PV industry delivers! 
The anticipated strengths of PV technology are now duly 
demonstrated: the potential for low cost, long lifetime, scaling 
up production and installation and rapid deployment. With a 
world still strongly affected by the COVID19 pandemic and 
challenging logistics, the record year of 2021 looks even 
more impressive.

Our research centre, The Research Centre for Sustainable 
Solar Cell Technology (FME SUSOLTECH) was set up 
to make a difference in PV science and technology. The 
centre was established in 2017 and is one of 13 Centres 
for Environment-friendly Energy Research (FME) awarded 
funding from the Research Council of Norway (RCN). It is 
the only FME centre with a sole focus on PV technology. 

2021 was a particularly important year for FME SUSOLTECH: 
the centre was subject to a thorough midway evaluation. 
This important process required a substantial effort from 
RCN and all FME SUSOLTECH partners. The Centre 
Management Team and Executive Board played crucial 
roles in this process. I am extremely grateful for this effort 
and for the end result: FME SUSOLTECH successfully 
passed its midway evaluation and is now secured funding 
for the remaining years of operation.

A particular strength of FME SUSOLTECH is that the 
main core of activities is defined and performed in close 
collaboration between research groups and industry. 
Relevance is ensured by the fact that FME SUSOLTECH 
focuses on silicon-based and silicon-compatible PV 
technologies, the basis for approximately 95 % of all PV 
modules produced world-wide today, and the main market 
for the partner companies. 

The domestic PV industry is the most important basis 
for FME SUSOLTECH. One part of this is the process 
industry. Norway holds an almost unique position in Europe 
by hosting a cluster of companies producing sustainable 
silicon materials and related products for the international 
market. The ability of these companies to offer high quality 
materials at competitive prices is crucial for their access 
to ever more quality and cost-conscious customers world-
wide. It can also be an important basis for the planned 
development of European production value chains. 

The number of companies developing, installing, owning 
and operating PV power plants in Norway and abroad is also 
growing rapidly. An important effort in FME SUSOLTECH is 
to develop capacity, competence and data required for the 
further growth of this important industry. 

In 2021, the partners of FME SUSOLTECH were Code 
Arkitektur AS, Equinor, Glass- og Fasadeforeningen, IFE, 
NMBU, Norges Bondelag, NorSun AS, Norwegian Crystals 
AS, NTNU, Omsorgsbygg, PVA Crystal Growing Systems 
GmbH, The Quartz Corp, REC Solar Norway AS, SINTEF, 
Solenergi FUSen AS, Solenergiklyngen, the University 
of Agder and the University of Oslo. Combined, these 
partners form an active Centre with unique access to world 
class competence and infrastructure for high quality and 
industry-relevant PV research. Across the following pages, 
you will find a presentation of FME SUSOLTECH and its 
main activities in 2021.
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What is FME SUSOLTECH?
The Research Centre for Sustainable Solar Cell Technology 
(FME SUSOLTECH) was started in 2017 and joins the 
leading Norwegian research groups with a strong cluster of 
companies from Norway and abroad. The anticipated future 
growth of the solar (PV) industry will lead to huge commercial 
opportunities along the entire value chain of production. 
Norwegian companies, many of which specialize in 
sustainable production of high-quality silicon materials 
for export, are well placed to take place in this growth. 
A particular opportunity arises from an increased focus 
on development of European value chains in strategically 
important industries. In order to strengthen the position of 
these companies in a fiercely competitive industry, new 
production processes combining further reductions in 
costs with improved material quality are needed. Moreover: 
sustainability will become increasingly important in coming 
years. The centre research targets cost reduction, solar cell 
efficiency increases and sustainability by innovation along 
the full value chain of production. 

The FME SUSOLTECH partners monitor the performance 
of solar power plants to demonstrate the effect of materials 
and processes on the overall cost and environmental 
footprint of solar electricity. This activity also supports 
sustainable and cost-effective growth of a growing 
domestic industry in installation and operation of solar 
power plants. This industry is currently in a phase of rapid 
growth because of cost reductions of PV systems, cost 
increases for power and stricter environmental regulation, 
particularly in buildings. 

In addition to PV companies, FME SUSOLTECH’s list of 
partners also includes large Norwegian energy companies 
and organizations drawing upon the partner’s broad 
competence to develop entirely new business. The 
resulting centre is the most important competence and 
innovation platform for a growing and broad domestic solar 
cell industry towards 2025.

The centre has substantial and established activity within all 
its four work packages. These are:

• WP1: Sustainable silicon feedstock production
• WP2: High quality silicon ingots and wafers
• WP3: Highly efficient silicon solar cells and modules
• WP4: End use and impact 

In addition to PhD students and post-docs, a large part 
of the research is performed by researchers from the 
research and industry partners of FME SUSOLTECH. An 
important aim of the centre remains to increase the volume 
of collaboration, dissemination and publication. A related 
important task for FME SUSOLTECH is to arrange meeting 
places for the Norwegian solar cell community, including 
the Norwegian Solar Cell Conference (NSCC) and the 
Solar Industry Forum (SIF) meetings, an important arena for 
discussion and development of ideas and projects. 

For more information about the Centre and ongoing 
activities, see www.susoltech.no.
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Center partners
In 2021 FME SUSOLTECH had 6 Research Partners, 
1 Cluster, 1 Public Partner, 1 International Partner and 
9 Industry Partners. IFE is the host institution of FME 
SUSOLTECH. The centre is headed by the Centre director 
Prof. Erik Stensrud Marstein. Together, the Centre partners 
span out large parts of the PV industry value chain, from 

Research 
Partners Public Partner International Partner Cluster Industry Partners

IFE (host) Omsorgsbygg Oslo KF PVA Crystal Growing Systems GmbH Solenergiklyngen Code arkitektur AS
NMBU Equinor AS
NTNU Glass- og 

Fasadeforeningen
SINTEF Norges Bondelag
University of Agder Norsun AS
University of Oslo Norwegian Crystals AS

REC Solar Norway AS
Solenergi FUSen AS
The Quartz Corp

silicon feedstock production through ingot, wafer, solar 
cell and module fabrication to design and operation of 
PV systems. Through its partners, FME SUSOLTECH has 
access to world class expertise, laboratory infrastructure 
and production capacity along the entire value chain. 

The list of partners in FME SUSOLTECH in 2021 is as 
follows:

Partner list:
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General assembly

Executive board 
Chairman: Dr. R. Spooren (SINTEF)

WP1:
Dr. J. Safarian 

(NTNU)

WP2:
Dr. M. Juel 
(SINTEF)

WP3:
Dr. K. Bergum 

(UiO)

WP4:
Dr. H. N. Riise 

(IFE)

Center director
Prof. E. S. Marstein (IFE)

Deputy head
Dr. T. Kjeldstad

Center Coordinator
M. Estensen (IFE)

Center management team

Center organization

In order to reach the overall goals of FME SUSOLTECH, 
good governance and an efficient organization is required. 
The upper decision making body of FME SUSOLTECH is 
the General Assembly, where all partners are represented. 
The day-to-day direction of the centre is ensured by a 9 
member Executive board. Dr. Rudie Spooren (SINTEF) 
is Chairman of the Executive Board. Prof Erik Stensrud 
Marstein (IFE) is the Centre director of FME SUSOLTECH. 
In the daily direction, management and operation of FME 
SUSOLTECH, the Centre director is supported by a Centre 
management team consisting of the Centre Director, the 
Centre deputy head, the Centre coordinator and the four 
Work Package (WP) managers. The four largest research 
partners of FME SUSOLTECH, IFE, NTNU, SINTEF and 
the University of Oslo are represented in the Centre 
management team.

The Work package managers are each responsible for the 
research activities described in the following pages, which 
are structured into the following 4 Work Packages: 

•	 WP1: Sustainable silicon feedstock production 
– WP manager Ass. Prof. Jafar Safarian (NTNU)

•	 WP2: High performance silicon ingots and 
wafers – WP manager Dr. Mari Juel (SINTEF)

•	 WP3:	High	efficiency	silicon	solar	cells	and	
modules – WP manager Dr. Kristin Bergum 
(UiO)

•	 WP4: End use and impact – WP manager Dr. 
Heine Nygard Riise (IFE)

The Centre organization is shown in the figure below: 
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Dissemination and 
networking 
Dissemination
Renewable energy is a topic that is of very broad interest and 
the subject of much public debate. Among the renewable 
energy technologies, PV technology is emerging as a 
winning technology globally, and record annual installation 
rates are becoming the norm, both in Norway and globally. 
FME SUSOLTECH plays an important role in dissemination, 
both by putting important trends and movements on the 
agenda, but also by supplying updated information on the 
role of research in developing new solutions and industry, 
as well as on the potential of solar energy to contribute 
greatly to a sustainable future. These topics are at the core 
of the plans of FME SUSOLTECH and its partners. The 
Centre is visible in scientific journals and at international 
conferences, as well as in various popular scientific, trade 
and public media. 

FME SUSOLTECH arranges selected conferences 
and the Solar Industry Forum meetings to shape the 
agenda of the PV community. With the aim of increasing 
awareness, supporting domestic industry generation, as 
well as improving the conditions for solar cell research, 
centre colleagues have given lectures and presentations 
for various audiences, as well as participated in meetings 
and processes, including lectures for policymakers and a 
broader energy industry, and important strategy processes 
like the Norwegian Energi21 and the European Energy 
Research Alliance. FME SUSOLTECH has built up a strong 
collaboration with the Norwegian Solar Energy Cluster 
(Solenergiklyngen). Together, the two have arranged 
several meetings and conferences and also produced a 
Roadmap for the Norwegian PV industry towards 2030. 
This caught much interest in the media and was followed 
up in numerous Centre initiatives in 2021. Solenergiklyngen 
joined FME SUSOLTECH as a partner in 2021, facilitating 
this type of collaboration in the future.

A full list of publications and presentations from the FME 
SUSOLTECH in 2021 is given in Appendix 3.

Norwegian Solar Cell 
Conference 2021 
(NSSC 2021)
The research Centre FME Solar United, the predecessor 
of FME SUSOLTECH, started to arrange the Norwegian 
Solar Cell Conference (NSSC). This has now turned into an 
established and important annual meeting arena for the PV 
community in Norway, with participants from the PV industry 
and research institutions in both Norway and Europe. 

Due to the COVID pandemic, FME SUSOLTECH had 
to cancel the physical conference due to the Corona 
pandemic in 2020. In 2021, FME SUSOLTECH was again 
able to arrange a physical NSSC conference, which took 
place in Son Spa in November. In addition to NSSC 2021, 
the centre also arranged a well-visited Annual meeting on-
line.

Research activities in FME 
SUSOLTECH in 2021
The research in FME SUSOLTECH is a joint undertaking by 
all partners and addresses important topics for the further 
development of PV technology as a competitive energy 
technology. In the following sections, a brief overview of 
the main research activities within each of the four Work 
packages in FME SUSOLTECH is presented. A list of 
the resulting scientific and popular science presentations 
based on this research is found at the end of this report. 



8 - The Research Center for Sustainable Solar Cell Technology

Work Package 1 – 
Sustainable silicon 
feedstock production
In work package 1 of FME SUSOLTECH the research focus 
is on sustainable solar silicon feedstock production by 
metallurgical and chemical processes. The majority of solar 
silicon feedstock available in the market is being produced 
through the chemical processes; the Siemens process and 
Fluid Bed Reactor (FBR) process. The metallurgical route, 
however, is still considered to be an emerging technology. 
There have been significant developments in this route 
in recent years. The main metallurgical process for solar 
silicon production is the ELKEM Solar process that is run by 
REC Solar Norway. The company has recently developed 
a new process for the recycling of silicon waste from 
the PV industry back into high quality Si feedstock. The 
research in WP1 establishes fundamental knowledge and 
new technologies to produce solar grade silicon feedstock 
through both primary and secondary raw materials, and the 
research is performed in close collaboration with REC Solar 
Norway.

Improved	leaching	processes	for	Si	purification
It has been shown that the metallurgical route for solar 
silicon production consumes less energy and produces 
lower CO2 emission compared to the existing chemical 
route. A part of the WP1 activities is on developing more 
sustainable metallurgical processes through more efficient 
and environmentally friendly acid leaching processes. 
In 2021, we showed that the leaching process used for 
purification can be optimized through adjusting the Ca/Mg 

mixing ratio in Ca- and Mg-doped silicon. In addition, the 
distribution of B and P between CaO-(La2O3)-SiO2 slags 
and Si-10 mass pct Sn melt was experimentally studied. 
A novel oxygen classification method was proposed to 
distinguish the different structural roles of La and Ca in the 
CaO-La2O3-SiO2 system. It was found that La3+ prefers 
to stay in the depolymerized region, mostly connects 
with 6-7 non-bridging oxygen, and requires weak charge 
compensation with Ca2+.

Removal	of	P	during	vacuum	refining
One key challenge in production of Si feedstock materials for 
the PV industry is to ensure low concentrations of B and P. 
FME SUSOLTECH research has shown that the introduction 
of inert gases Ar and He at low pressures reduces the rate 
of P removal during vacuum refining, and their pressure 
decrease will increase the process rate. Moreover, the 
kinetics of P removal was higher in He than in Ar, with 
simultaneous lower Si loss. Under reduced pressures of 
H2 gas, however, the P removal rate was higher than that 
under vacuum conditions with the lowest Si loss. Quantum 
chemistry and dynamics simulations were applied, and 
the results indicated that P can maintain its momentum 
for longer distances in H2 once it is evaporated from the 
melt surface and then can travel far away from the surface, 
while Si atoms lose their momentum in closer distances, 
yielding less net Si flux to the gas phase. Moreover, this 
distance is significantly increased with decreasing pressure 
for H2, He, and Ar gases; however, it is the largest for 
H2 and the lowest for Ar for a given pressure, while the 
temperature effect is insignificant. The rate of P evaporation 
was accelerated by applying an additional vacuum tube 
close to the melt surface for taking out the hot gas particles 
before they lose their temperature and velocity. 

 Fig 1: Overview of the simulation and analysis process relevant to the slag-refining system. Oxygen, Silicon, Calcium, 
and Lanthanum are, respectively, in red, yellow, cyan, and pink (Made by PhD candidate Mengyi Zhu).
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For more information, contact Work Package Manager
Dr. Jafar Safarian (jafar.safarian@ntnu.no)

Magnesiothermic reduction
As the development of new routes for solar silicon production 
is a main goal in WP1, research activities in the WP1 about 
the magnesiothermic reduction of silica have been done. 
This work aims at developing a carbon free process for 
Si production. In 2021 we showed that the Mg:SiO2 
ratio strongly affects reaction mechanisms and product 
characteristics such as phase content and microstructure. 
At lower Mg:SiO2 mole ratios, the reaction rate is fast at the 
beginning and the formation of a product layer consisting 
of different phases such as MgO, Si, Mg2Si, Mg2SiO4 and 
MgSiO3 around quartz particles limits the Mg diffusion. This 
phenomenon is more noticeable for larger quartz particle 
sizes where Mg should diffuse longer distance towards the 
quartz core to react with it. In other words, at lower Mg:SiO2 
mole ratio, Mg mass transport through the MgO-Si product 
layer is the rate limiting step. At higher Mg:SiO2 mole ratios, 
a significant amount of Si-Mg liquid alloy is formed during 
reaction where the high mobility of Mg in this liquid phase 

and cracking of quartz particles result in significantly higher 
reaction rate. Here the formation of intermediate phases are 
not significant and the products would be the mixture of 
MgO, Mg2Si, and either Si or Mg phases. 

Dissemination
In March 2021, PhD candidate Mengyi Zhu defended his 
PhD titled “Silicon purification by acid leaching and slag 
refining techniques”. In June 2021, Arman Hoseinpur, a 
PhD candidate associated with FME SUSOLTECH’s WP1 
also defended his thesis titled “Vacuum and Gas Refining of 
Silicon for Solar Cell Applications“. The research in WP1 has 
resulted in 10 peer-reviewed Journal papers 6 conference 
papers/presentations. There is an ongoing collaboration 
with the Jülich Research Centre on high temperature 
thermodynamic studies. An online course about silicon 
refining was organized in 2021 through cooperation with 
SFI-Metal production and SisAl Slag valorisation (an EiT 
Raw Materials project).

Fig 2: Illustration of initial non-diffusional transport of P and Si atoms from a melt surface in low pressures of H2, He, 
and Ar gases (left). Typical collisions of P and Si with H2: (a) initial state, (b) closest encounter, and (c) final state (right). 

(Made by PhD candidate Arman Hoseinpur, and Dr. Stefan Andersson at SINTEF).

Figure 3: Backscattered electron images together with x-ray 
mapping of Si, Mg and O in a quartz particle interacted with Mg. 

(Made by PhD candidate Azam Rasouli

Figure 4: Photo from the public defence of Mengyi Zhu with his PhD 
examiners, Professor Mansoor Barati from University of Torono, and 

Dr. Kjetil Hildal from ElKEM Technology.
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Work Package 2 – 
High performance silicon 
ingots and wafers 
The material quality of silicon ingots and wafers depends 
on the silicon feedstock, crucible, furnace materials and the 
parameters of the crystallization process. The combination 
of reduced costs and the demand for increased efficiencies 
of industrial Si solar cells makes it critical to develop 
sustainable and cost-effective crystallization processes 
that produce silicon ingots of high quality. This can only be 
done through a strong understanding of the root cause for 
how harmful impurities are transported into silicon and how 
defects in the material are formed as well as developing 
processes which can reduce either the concentration or 
effects of them. In FME SUSOLTECH this is done by a 
close interaction between experimental tests, theoretical 
knowledge and numerical simulations.  

Development and understanding the effect of new 
production processes for Czochralski (Cz) silicon is the main 
task in this work package. In addition, research questions 
related to propagation of defects in high performance 
multicrystalline silicon (HPMC-Si) has been addressed.  
Kerfless Si technology which enables Si wafer production 
without sawing-related material losses are targeted by 
epitaxial growth of silicon wafer by e-beam sputtering.

Monocrystalline silicon
The research on monocrystalline silicon involves many 
of FME SUSOLTECH’s partners from both research and 
industry. NorSun and Norwegian Crystals both operate 
production facilities for this type of materials in Norway, 
while REC Solar are producing feedstock to their factory in 
Singapore. PVA Crystal Growing Systems and The Quartz 
Corp supply important equipment and materials to this part 
of the value chain. The research in FME SUSOLTECH related 
to the production of monocrystalline silicon addresses key 
aspects related to the Cz process for producing ingots and 
wafers for solar cells with the highest efficiencies in the 
industry.

The research topics include understanding the formation 
of microdefects in high productivity Cz crystallization and 
developing routines for limiting such defects, developing a 
complete understanding of the role of the crucible in the 
Cz process and using this understanding to determine the 
parameters defining a good crucible, as well as solving 
the problem of yield-limiting structure loss during Cz Si 
production.

The development of a new method for directly measure 
hydrogen in silicon wafers by FT-IR in FME SUSOLTECH 
makes it possible to study H-related complexes in 
wafers during processing, or during degradation and 
regeneration of the minority carrier lifetime. In 2021 the 
method for direct measurements (FT-IR) was compared with 
indirect measurements. FT-IR studies are now continuing in 
several directions:

• Unveiling the role of H in the mechanism of boron-
oxygen related light-induced degradation.

• Understanding significant differences between different 
acceptor-dopant pairs (H-B, and H-Ga), which may 
help us to identify and understand the states H may 
take in bulk Si.

• Searching for additional hydrogen states such as H2, 
and Oi-H2. 

A new PhD student, Nicole Assmann that started at UiO in 
September 2021, will continue this exciting work.  

A high priority in the centre is to better understand how 
the quality of the quartz crucibles influences the 
productivity and material quality for production of Cz Si 
ingots. PhD student Gabriela Warden has this as her main 
research topic in the centre. In 2021 Gabriela has focused 
on improving the accuracy and reliability of viscosity 
measurement of quartz in the temperature range between 
1400 and 1550 °C. This is crucial to be able to measure 
the difference in viscosity in the different types of high purity 
quartz crucibles. Bubble growth in quartz crucibles during 
use is also a well-known phenomena and investigation 
of how this are influences by the ambient conditions 
(atmosphere, pressure, temperature) is under investigation.  

High performance multicrystalline (HPMC) silicon
The initially planned research activity on HPMC silicon in FME 
SUSOLTECH has been reduced due to the shift of the PV 
industry to monocrystalline silicon wafers. However, some 
activities are continued due to remaining market possibilities 
and because of high scientific value. An activity on low 
temperature annealing (300-700 °C) showed significant 
potential in improving lifetime, even at grain boundaries that 
are known not to improve during phosphorous gettering in 
regular cell processing. A very long anneal at 300 °C during 
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one week was particularly promising, and this could be a 
process to be implemented in large scale. Investigations of 
dislocation movements in the vicinity of grain boundaries 
and solidification front were performed as a continuation 
of an NFR researcher project, INSIDES, where synchrotron 
diffraction imaging was used to see this in-situ. The different 
role of attractive and repulsive forces between dislocations 
in Cz pulling and directional solidification of multicrystalline 
silicon was clarified through this work.
 

Kerfless	silicon	
In the activity related to developing a process for fabricating 
Si wafers based on e-beam deposition, epi-growth of 
p-Si films on Si (100) substrates were demonstrated. 
Fully crystalline Si-based layers (thickness up to ~140 
micron) were fabricated at 1000 °C at a deposition rate of 
~1.5 mm/min. Future research is devoted to control and 
understanding of the defect level, doping level and stress 
in the films. 

For more information, contact Work Package Manager
Dr. Mari Juel (mari.juel@sintef.no)

FT-IR lab at the University of Oslo 
(Photo: Alireza Fazad)
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Work package 3 – High 
efficiency silicon solar 
cells and modules
WP3 aim to develop and improve high efficiency silicon-
based solar cell modules, enhancing their competitiveness 
in the long term. This is achieved through:

1. Using novel concepts which can go beyond the 
Schockley Queisser-limit.

2. Exploring and testing approaches for Building 
Integrated Photovoltaics (BIPV).

Novel concepts beyond 
Shockley Queisser

In down-conversion, one high energy photon can be 
converted to two low energy photons. By using multilayered 
structures, the light absorption and emission can occur in 
different layers, and it is possible to tailor each layer to its 
purpose. We have demonstrated a single-step approach 
to form structures with high emission yields by embedding 
strongly absorbing aromatic molecules into crystalline multi-
layered lanthanide fluorides. Thereby we hermetically seal 
the organic molecules within an inert structure to prolong 
their lifetime, and the design of the layered structure also 
hinders pathways that reduce (quench) emission efficiency. 
Thus, we were able to fabricate materials with much higher 
emission yields than common approaches. This opens for 
combination of molecules and compounds that otherwise 
have been deemed incompatible. We also anticipate this 
approach to significantly enhance the lifetime of such 
structures.

The material cuprous oxide (Cu2O) is an affordable direct 
band gap semiconductor with a potential for application 
in tandem solar cells, or as flexible or semi-transparent 
solar cells. One puzzling feature has been the much 
higher demonstrated efficiencies in bulk Cu2O rather than 
thin film-based solar cells of Cu2O. We have shown that 
the concentration of a deep defect, often disregarded in 
literature, is the likely culprit. The measured concentration 
of this defect in thin films is above 1020 /cm3. This value is 
so high that our modelled solar cell efficiencies are reduced 
to a few percent. The effect the concentration of the defect 
has on the current-voltage characteristics of the solar 
cell are seen in the figure showing simulations of defect 
concentrations from 0- 1020 /cm3. 

In 2021, combinatorial pulsed laser deposition (c-PLD) was 
established at NTNU to speed up the screening of potential 
material candidates for intermediate band materials, where 
the ideal doping concentration is to be determined. Using 
c-PLD one can fabricate samples with a continuous 
compositional spread (CCS) across a 2’’ diameter area.  

Through an iterative process, combining actual films/
samples and in-house developed simulation software, the 
c-PLD process was optimized. A series of CCS samples 
were made with high reproducibility. The (Cr,N)-TiO2 CCS-
films films were extensively characterized using a wide 
range of techniques to determine optical and structural 
properties of the films.

Thin films of La2NiMnO6, a double-perovskite oxide, was 
synthesized on single-terminated step-and terrace SrTiO3 
substrates cut in the (111)-direction. The long-term goal 
is to design the bandgap and possibly get intermediate 
bands by controlling the order of the cations in the double 
perovskite. One possible way to control the order, is by 
physical vapour deposition growing layer-by-layer thin films 
and controlling the octahedral rotation by using the (111) 
facet of the substrate. Initial results confirm that these films 
were grown layer-by-layer.

Building integrated photovoltaics (BIPV)
Building integrated photovoltaics (BIPV) offers efficient 
utilization of area and local renewable energy generation. 
Attractive aesthetic aspects and efficient energy generation 
are important drivers for market acceptance of solar panels 
as building elements. 

Coloured modules improve aesthetic aspects at the expense 
of efficiency loss and increased cost. We developed a 
method to identify the different loss contributions: visible 
reflection loss, near infrared reflection loss, and parasitic 
absorption loss. This methodology was applied to silicon 
solar cells where colouration was introduced by interference 
from a thin indium tin oxide layer on top of the SiNx:H 
antireflection coating. We believe that the new method can 
be a useful tool to optimize efficient colouring of solar cells. 
Interference coatings can provide colour to solar cells or 
their cover glass with minimal efficiency loss. An optical 
modelling framework for simulating both the colour 
perception and the efficiency of coloured PV modules has 
previously been developed in FME SUSOLTECH. Miniature 
test samples based on textured c-Si substrates have 
been fabricated using careful optical design of a multilayer 
antireflection coating (ARC) processed by plasma enhanced 
chemical vapour deposition (PECVD). Lamination of such 
samples under glass has shown that it is challenging to 

Simulations of IV-curves of a Cu2O-based cell, with 
changing concentrations of the deep donor.
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For more information, contact Work Package Manager
Dr. Kristin Bergum (kristin.bergum@smn.uio.no)

achieve bright colours. A different approach to achieve 
colours of high brightness is to rather deposit the multilayer 
stacks on the glass. In this way, the colour brightness can 
be controlled over a wide range. Furthermore, the angular 
dependency of the peak position can be reduced by 
introducing a microtexture to the glass surface.

Aesthetic aspects of solar modules are not limited to the 
colour. Gloss is another property with a strong influence 
on the visual appearance. For PV modules, the gloss 
depends strongly on the smoothness of the cover glass, 
but also the smoothness and texture of the solar cell may 
have an impact. Different methods to obtain the desired 
gloss levels may also have an impact on module efficiency. 
Our investigations show a large variation in gloss levels for 
commercially available BIPV modules. 

As standing out areas of façade, balconies are ideal for 
Façade Integrated PVs (FIPV). However, shadings of 
balconies can also influence the solar potential on other parts 
of facades and impact the interior daylight performance. A 
holistic method must be applied, supporting the integrative 
design of FIPV for residential high-rise buildings, balancing 
the performance in aspects of façade aesthetic, interior 
daylight, and energy productivity. Trondheim city in Norway 
was taken as a case study. Balcony profiles in three 
categories (small, medium and large) were generated 
based on references from design guidelines, building 
regulation and the typical balcony geometries in Trondheim. 
Different balcony position arrangements (aligned, staggered 
and side) were proposed for the three balcony categories. 
Interior daylight and façade solar potential are simulated to 
find the best design alternatives. Then aesthetic designs are 
conducted employing colour harmony concepts and the 
local colour palette. The generated FIPV design proposals 
with typical hues in the Trondheim context were evaluated 
through an online survey with more than 150 participants. 
The results show that the method can generate FIPV 
designs and achieve a balanced performance in daylight, 
energy productivity and aesthetic presentation. FIPV design 
with physical models may continue in 2022.

A suggested design for a high-rise building with side balconies, that 
optimizes aesthetics, daylight considerations and energy efficiency. 

The influence of colour and gloss on the aesthetic appearance of a 
building facade. (Photo: Tore Kolås)

Schematic of the different B-site cation ordering found in A2B’B’’O6 
perovskites indicated by gray and black octahedra: rock-salt (a), 

layered (b), and columnar order (c).[20]

Illustration of a multilayer organic-inorganic nanocomposite film 
structure for light conversion. The energy level structure, energy 
transfer mechanisms and a photo of a sample in room light and 

under UV light is shown below.
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Work package 4 – 
End use and impact
End use of PV is a broad topic. WP4 in FME SUSOLTECH 
considers sustainability and circularity of PV, field 
performance of PV plants, combination of agriculture and 
PV (agrivoltaics), and innovation studies. The list shows 
the complexity in solving the challenges and realizing the 
opportunities of the Norwegian PV industry. The centre and 
the work package have a holistic approach to assisting 
the industry, with involvement from the industry partners 
through collaboration, discussions and inputs to ensure 
that the centre give meaningful contributions to the growth 
of solar energy in Norway.

Field degradation of modules
An important part of WP4 is the meetings and collaborations 
between NMBU, UiA, IFE and NTNU on field degradation 
of PV modules. Combined, these research partners have 
substantial infrastructure for testing modules and for 
monitoring the performance of PV systems, which is applied 
to shed light on how PV modules degrade, fail and perform 
in the field. The activity has generated an online workshop on 
module imaging techniques and contributed to submission 
of a project application for a researcher project investigating 
fault detection in PV modules, with UiA, NMBU and IFE as 
research partners. Field degradation is an important topic 
for the work package, and this is reflected in WP4 activities 
of the research partners NMBU, UiA, and IFE.

In 2021, PhD candidate Marija Vukovic (NMBU) has 
developed a novel way of imaging PV modules in the field. 
The method exploits wireless communication between a 
PL imager and the inverter, switching the inverter from open 
circuit to short circuit in a short time frame. This enables 
imaging of the PL signal in high PL conditions and low PL 
conditions, and natural sunlight reflected off the module 
surfaces can be subtracted, revealing the PL response of 
individual cells. The PL response can expose defects in the 
PV modules which are hidden in normal visible or thermal 
imaging.

During 2021, the activities at UiA have focused on two 
main areas: i) the study of spectral distributions of solar 
irradiance, in collaboration with other international research 
groups as part of the COST PEARL PV programme, and (ii) 
the study of field-aged multi-crystalline silicon photovoltaic 
modules affected by microcracks and moisture ingress, 
culminating in 5 scientific articles in 2021. Two master theses 
were completed on the topic of PV module and system 
performance, one analysing the outdoor performance of 

PV modules at different installation angles, and another 
investigating optimum configurations for a combined PV 
battery system. Work on common procedures for data 
cleaning and analysis has been initiated and continues 
during 2022 as part of the PEARL PV WG1 work task on 
PV monitoring.

Through studies for understanding the performance loss 
rate of PV systems, PhD candidate Eivind Bekken Sveen 
(UiO/IFE) has developed a novel method for estimating 
the degradation of PV modules. The methodology is an 
important addition to the scientific literature as it improves 
the selection of representative data points when doing 
year-on-year estimates of degradation. 

PL image of a full PV string using NMBU-developed imaging 
methodology. (Credit: Marija Vukovic, NMBU)

Irradiance and spectral corrected temperature coefficient values for 
PMAX based on outdoor measured data. The datasheet value for the 
temperature coefficient is shown as a green dotted line. Inclusion of 
spectral correction reduces uncertainty. From Paudyal et al., Solar 

Energy (224), 425, 2021.
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For more information, contact Work Package Manager
Dr. Heine Nygard Riise (heine.riise@ife.no)

Sustainability and innovation drivers
Sustainable production of PV products continues to be 
an important effort for the centre. Norwegian PV material 
producers, which are industry partners in FME SUSOLTECH, 
are the cleanest producers of silicon feedstock and silicon 
ingots and wafers for the PV industry in the world. REC 
Solar and Norsun have both received EPC documentation 
on their low-carbon silicon material and wafers. Additionally, 
Maxeon has received an EPC on PV modules based on 
wafers from Norsun. The centre and centre partners have 
been an important driver for discussions on establishing 
an Important Project of Common European Interest (IPCEI). 
The Norwegian industry is crucial to re-establish Europe as 
a large producer of solar energy products.

UiO contributes with insights on drivers for innovation 
and impact factors on policy to WP4. Post doc Dimitra 
Chasanidou (UiO) has published the noteworthy work, 
“The Norwegian Solar Energy Innovation System”, which 
gives a deep understanding of innovation drivers in the 
Norwegian PV industry. Work has also been ongoing to 
finalize a scientific study on policy needs in the Norwegian 
Solar business. The paper is scheduled to be completed 
in 2022. 

Bifacial PV and agrivoltaics
An important milestone was reached by IFE in 2021, 
with the installation of the IFE Outdoor PV Test Site. The 
ground mounted PV plant was opened by the Minister for 
Petroleum and Energy in October 2021 and will contribute 
with important data and insights for the PV community in 
the coming years. It has already given valuable knowledge 
on the performance of bifacial PV as presented at NSCC 
by MSc student Dina Martinsen (NTNU/IFE). Particularly, 
the bifacial gain of the modules at IFE are boosted by 
conditions prevalent in Norway, such as snow, low solar 
elevation and irradiation from the North in the summer.

In 2021 SINTEF’s outdoor lab Alpha Centauri for PV research 
featuring four individually controlled two-axis trackers on the 
top of the tallest NTNU building was inaugurated. One of 
the first activities was a master thesis by Mina Elise Øieren 
Holter (NTNU/SINTEF) on the effect of different reflector 
material on the roof. A second SINTEF-activity this year was 
an initial study on agrivoltaics, where the effect on grass 
growth from solar panels in a field was studied. Although 
only indicative, the results were positive with respect to the 
possibilities of combining agriculture and solar cells under 
these conditions in Norway. It is worth mentioning that also 
NTNU has had activity on agri-PV in 2021, with two project 
theses which will be expanded to MSc theses in 2022.

IFE solpark. Four fixed-tilt racks with different PV technologies are 
mounted outside of IFE’s Solbygg. (Credit: Tine Uberg Nærland, IFE)

SINTEF’s Alpha Centauri bifacial outdoor PV lab. (Credit: Gaute 
Stokkan, SINTEF)
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Roadmap for the Norwegian 
PV industry towards 2030
In order to shed more light on the future opportunities 
and challenges facing the domestic PV industry, FME 
SUSOLTECH in collaboration with the Norwegian Solar 
Energy Cluster (Solenergiklyngen) developed and published 
a Roadmap for the Norwegian PV industry towards 
2030. The Roadmap content was developed in close 
collaboration with both research groups and companies 
in the domestic PV community, and the Roadmap was 
launched in December 2020. Many colleagues from FME 
SUSOLTECH made significant contributions. A substantial 
dissemination effort was continued throughout 2021. The 
Roadmap illustrates how a broad, domestic PV industry 
can result in an important domestic industry by 2030 which 
can make important contributions to both employment, 
turnover, exports and domestic power production. 

The Roadmap put an emphasis on how PV electricity 
can play a larger role in the domestic electricity mix than 
commonly assumed. With a moderate growth rate, an 
annual production of 4 TWh can be reached by 2030, 
most of which will be produced from PV systems installed 
in buildings. This can be of great importance. As society 
takes large strides towards increased electrification, access 
to low cost, low conflict and renewable electricity will be 
crucial. Here, PV is a very exciting solution. 

The Roadmap finally summarized some of the major 
obstacles to this growth and suggested concrete actions to 
support a rapid growth of this internationally very important 
industry. The Roadmap is downloadable from the FME 
SUSOLTECH website: http://www.susoltech.no.

Education and training
Education and training of candidates at MSc, PhD and 
postdoctoral levels with relevant competence for the PV 
industry and research community is an important task of 
FME SUSOLTECH. The growing, domestic and global 
PV communities need increasing access to competent 
candidates. In addition the PhD and postdoctoral positions 
funded either through the FME SUSOLTECH grant or 
as own-effort from the research partners, a substantial 
number of MSc students also perform their thesis work 
in the Centre. The full list of candidates performing their 
thesis work in FME SUSOLTECH in 2021 is found in the 
attachments. 

Below are two interviews with two of the PhD candidates 
affiliated with FME SUSOLTECH.
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Interview with a 
PhD candidate: 
Who: Changying Xiang
What; PhD candidate, WP3, 
Façade integration of PVs (FIPV)

What is your PhD about?
It’s on advanced architectural 
methods to integrate PV 
harmonically into the façade of 
buildings.

What	is	the	most	important	finding	in	your	work?
How we have been able to find a practical way to balance 
demands from an architectural and aesthetic standpoint, 
as well as energy production considerations. Previously, 
in literature, there has been quite a bit of conflict between 
these two areas, claiming both demands cannot be met. 
Our work shows that it is actually quite possible to meet 
both demands.

How has it been to do your PhD as part of FME 
SUSOLTECH?
I think it has been great. If I didn’t have SUSOLTECH, I would 
not have had knowledge on the technology, on advanced 
PV development. I have learned a lot from working with the 
physicists. Although we are from different backgrounds, 
we can still discuss and understand each other, and learn 
many things along the way, improving the work on both 
sides. I think, the people working on more technical issues 
now also have a larger understanding of the architectural 
challenges, and this impacts their work as well, for instance 
regarding colour choice for producing coloured PVs.

You will soon submit your thesis 
- What will you do next?
I’m going to continue working on BiPV, with a focus on 
facades, and also look into semi-transparent PVs. I’ll be 
continuing this work in a new position in a university in 
China. I hope to keep collaborating with you in SUSOLTECH

Who: Martin Nyborg
What; PhD candidate, WP3 
tandem materials

What is your PhD about? 
I have been working on cuprous 
oxide. It’s a cheap, direct band 
gap material with potential for 
use in solar cell applications. It 
has a high enough band gap 
that it can be used in a tandem solar cell together with 
silicon, but it could also be used in a stand-alone cell 
for more nice applications, such as semitransparent and 
flexible solar cells. However, this potential has not yet been 
realized, as it’s been very challenging to both identify and 
control the defects within cuprous oxide –especially in thin 
film materials. I’ve studied the defects in both bulk and thin 
film materials, enabling me to compare the two, to try to 
find the reason why bulk wafers have much higher solar 
cell efficiencies 

What	is	the	most	important	finding	of	your	PhD?
The importance of the deep acceptor. Though there have 
been some references to it in literature, it has not been given 
much importance or investigations, so little is known on 
how to passivate this acceptor. Combining my experimental 
work with modelling, I show that the concentrations of the 
deep acceptor in thin film cuprous oxide is so high, that 
a solar cell will never achieve more than a few percent 
efficiency. Therefore, passivating this defect is likely key to 
enhancing efficiencies in this material.

How has it been for you to do a PhD in a centre
Even though my work has been a bit niche in this centre, 
it’s been good to be a part of something larger. It’s a large 
community with many different fields and topics working 
towards a common goal; achieving better solar cells, 
whether with today’s technology or the new technology 
that I and a few others in WP3 have been working on. It’s 
been fun to see the research more closely connected to 
the industry. Being part of this centre has shifted the focus 
a bit for me in my work as well. If I didn’t have SUSOLTECH, 
my focus would be more basic research on defects, and 
less on their impact on solar cell efficiency, so I wouldn’t 
have had that dimension to my research. 

What are your plans now that you have submitted 
your thesis?
I just got hired as a process engineer at REC Solar, on 
processing kerf material. I’m very happy to continue working 
with solar cell materials!
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Appendix 1

Personnel working in the Center

Key researchers working in the Center

Name    Institution  Main research area                             
Arve Holt   IFE    Member of the Executive Board
Anjhita Geetha Kumar  IFE    Sustainable Silicon production
Bent Thomassen   IFE    Sustainable silicon production
Chang Chuang You  IFE    High efficiency silicon solar cells and wafers
Christoph Seiffert   IFE    End use and impact
Erik Stensrud Marstein  IFE    Centre Director
Eva Rosenberg   IFE    End use and impact
Gaute Otnes   IFE    End use and impact
Heine Riise   IFE    Work package manager, End use and impact
Josefine Selj   IFE    High efficiency silicon solar cells and wafers &   
        End use andimpact
Junjie Zhu   IFE    High efficiency silicon solar cells and wafers
Per-Anders Hansen  IFE    High performance silicon ingots and wafers
Rune Søndenå   IFE    High performance silicon ingots and wafers
Sean Erik Foss   IFE    End use and impact
Torunn Kjeldstad   IFE    Deputy head 
Marie Syre Wiig   IFE    End use and impact
Mikolaj Kunch   IFE    End Use and impact
Nathan Roosloot   IFE    End Use and impact
Ørnulf Nordseth   IFE    High efficiency silicon solar cells and wafers
Alexander Ulyashin  SINTEF    Kerfless-Si
Amin Shahrestani Azar  SINTEF    Kerfless-Si
Arne Røyset   SINTEF    BIPV
Bendik Sægrov-Sorte  SINTEF    End use
Birgit Ryningen   SINTEF    Multicrystalline Si
Birgitte Karlsen   SINTEF    Silicon production by metallurgical processes
Eivind Johannes Øvrelid  SINTEF    Mono and multi Si
Gaute Stokkan   SINTEF    Multicrystalline Si & End Use
Irene Bragstad   SINTEF    Mono Si
Ingeborg Kaus   SINTEF    Research manager 
John Atle Bones   SINTEF    Monocrystalline Si
Kai Tang    SINTEF    Si production by metallurgical processes
Mari Juel   SINTEF    WP2 Manager   
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Personnel working in the Center

Key researchers working in the Center

Name    Institution  Main research area                             
Arve Holt   IFE    Member of the Executive Board
Anjhita Geetha Kumar  IFE    Sustainable Silicon production
Bent Thomassen   IFE    Sustainable silicon production
Chang Chuang You  IFE    High efficiency silicon solar cells and wafers
Christoph Seiffert   IFE    End use and impact
Erik Stensrud Marstein  IFE    Centre Director
Eva Rosenberg   IFE    End use and impact
Gaute Otnes   IFE    End use and impact
Heine Riise   IFE    Work package manager, End use and impact
Josefine Selj   IFE    High efficiency silicon solar cells and wafers &   
        End use andimpact
Junjie Zhu   IFE    High efficiency silicon solar cells and wafers
Per-Anders Hansen  IFE    High performance silicon ingots and wafers
Rune Søndenå   IFE    High performance silicon ingots and wafers
Sean Erik Foss   IFE    End use and impact
Torunn Kjeldstad   IFE    Deputy head 
Marie Syre Wiig   IFE    End use and impact
Mikolaj Kunch   IFE    End Use and impact
Nathan Roosloot   IFE    End Use and impact
Ørnulf Nordseth   IFE    High efficiency silicon solar cells and wafers
Alexander Ulyashin  SINTEF    Kerfless-Si
Amin Shahrestani Azar  SINTEF    Kerfless-Si
Arne Røyset   SINTEF    BIPV
Bendik Sægrov-Sorte  SINTEF    End use
Birgit Ryningen   SINTEF    Multicrystalline Si
Birgitte Karlsen   SINTEF    Silicon production by metallurgical processes
Eivind Johannes Øvrelid  SINTEF    Mono and multi Si
Gaute Stokkan   SINTEF    Multicrystalline Si & End Use
Irene Bragstad   SINTEF    Mono Si
Ingeborg Kaus   SINTEF    Research manager 
John Atle Bones   SINTEF    Monocrystalline Si
Kai Tang    SINTEF    Si production by metallurgical processes
Mari Juel   SINTEF    WP2 Manager   

Marit Synnøve S. Stange  SINTEF    Kerfless Si
Mohammed Mhamdi  SINTEF    Mono and multi Si
Pål Tetlie   SINTEF    End use
Rudie Spooren   SINTEF    Member of the Executive Board
Runar Dahl-Hansen  SINTEF    Kerfless Si
Sergio Armada   SINTEF    Multicrystalline Si
Stefan Andersson   SINTEF    Si production by metallurgical processes
Tor Olav Løveng Sunde  SINTEF    Kerfless Si
Tore Kolås   SINTEF    BIPV
Xu Yujaing   SINTEF    Multicrystalline Si
Espen Olsen   NMBU    Silicon materials science 
Ingunn Burud   NMBU    Image analysis
Barbara Matusiak  NTNU    BIPV
Gabriella Tranell   NTNU    Solar silicon production by metallurgical processes
Jafar Safarian   NTNU    Work package manager:     
        Sustainable silicon production
Ingrid Hallsteinsen   NTNU    Quantum dot intermediate band
Marisa Di Sabatino  NTNU    Silicon crystallization and defects
Mari-Ann Einarsrud  NTNU     Silicon crystallization and defects
Randi Holmestad   NTNU    Intermediate band cells
Turid Reenaas   NTNU    Intermediate band cells
Anne Gerd Imenes  UiA    PV performance, field testing, monitoring, irradiation  
        measurements, system analysis and end use, BIPV
Tor Oskar Sætre   UiA    Silicon material, crystallization, electron microscopy
Alexander Azarov   UiO    Impurity analysis in solar silicon by SIMS
Andrei Kuznetsov  UiO    Wafer texturing
Dovile Meskauskaite  UiO    Oxygen rings in silicon
Eduard Monakhov  UiO    Oxide-based tandem solar cells 
Jens Hanson   UiO    Strategies for Norwegian Solar Cell Industry 
Kristin Bergum   UiO    Work package manager: High efficiency   
        silicon solar cells and wafers
Ymir K. Frodason   UiO    Light induced defects in Si
Ola Nilsen   UiO    Photon conversion
Per-Anders Hansen  UiO    Photon conversion
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Postdoctoral researchers with financial support from the Centre budget 

Name    Nationality Period  Sex M/F Topic 
Guro Marie Wyller  Norwegian 19´11-21´02 F  High performance silicon ingots  
          and wafers
Dimitra Chasanidou  Greek  18´05-22´09 F  Analysis of innovation system and   
          end use
Phillip Weiser   USA  17’08-21’09 M  Light element impurities in Si
Thomas V. Brakstad     Norwegian        21´09-24´09      M            Double oxide perovskites for   
          intermediate band solar

PhD students with financial support from the Centre budget

Name    Nationality Period  Sex M/F Topic    
Azam Rasouli             Iranian  19’09-22’08       M                       Silicon production by  
Amalie Berg   Norwegian 19’11-21’02 F  Spectral PL in silicon Wafers   
          metallothermic reduction
Changying Xiang   Chinese  18’09-22’03 M  BIPV architectural issues
Eivind Bekken Sveen  Norwegian 19’08-23’06 M  End use and Impact
Gabriela Warder   Polish           20’11-23’10 F  Quartz crucibles for Czochralski  
          silicon production
Hogne Lysne   Norwegian 17´08-22´07 M  Intermediate band cells
Ivar Loland Råheim  Norsk  21´09-25´09 M  Spectral imaging of solar cell   
          materials
Marija Vukovic   Croatian  18’08-22’03    F   Spectral imaging of degradation   
          in solar panels
Martin Nyborg   Norwegian 17’08-21’12 M  Oxide-based tandem cells
Mengyi Zhu   Chinese  17´08-21´03* M   Silicon purification by acid   
          leaching and slag refining   
          techniques
Nicole Assmann   German  21’09-25’09 F  FT-IR of hydrogen in Silicon
Vegard Rønning   Norwegian 19’05-22’07 M  Photon conversion
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PhD students working on projects in the Centre with financial 
support from other sources

Name    Founding Nationality Period  Sex M/F Topic   
 
AArman Hoseinpur          NTNU  Iranian               17´08-21´12*    M          Purification of solar   
           grade silicon via the gas and  
           vacuum refining processes
Basant Raj Paudyal          UiA  Nepal  18´01-21´12* M Monitoring thePerformance and 
           Degradation of Solar PV Systems    
Oscar Kwame Segbefia  UiA  Ghana  19´05-22´06 M Solar Cell Degradation:   
           defect analysis and mitigation  
           schemes
* Defence of PhD thesis in 2021

Master students

Name    Sex M/F Topic     Supervisor 
Ali Haider Raja   M  Performance assessment and   Marisa Di Sabatino
      degradation analysis of different 
      grid-connected PV technologies 
      installed in Trondheim, Norway
Andreas Rosnes   M  Structural characterization of doped and Randi Holmestad, 
       undoped TiO2 thin films, using   Hogne Lysne, Turid 
       TEM-based techniques   Reenaas
Birk Ludwig S. Aigner  F  System modeling and dispatch schedule  Anne Gerd Imenes
      optimization of combined PV battery 
      system using linear optimization 
Han Na Choi   F  Surface characterization of TiO2 thin  Turid Reenaas
      films 
Herman Solstrand  M  Raman and SEM studies of doped and Turid Reenaas, Hogne
       undoped TiO2 thin films   Lysne, Thomas
           Brakstad
Ingvild Bergsbak   F  Numerical device simulations of   Kristin Bergum, Ørnulf 
      ZnOxNy for Si-based tandem solar  Nordseth
      cells using Silvaco Atlas
Inger Fygle   F  Utilisation of Silicon-Kerf via Micro arc  Gabriella Tranell
      Melting
Karl Edvin Herstad  M  Magnesiothermic reduction of SiO2 Gabriella Tranell
       and production of Silane gas



22 - The Research Center for Sustainable Solar Cell Technology

Louise V. Skjøndal  F  Simulation and validation of the energy  Thomas K. Thiis
      demand using photovoltaic       
      systems to reduce 
      roof snow load on building structures
Magnus Johansen  M  Materials for tandem solar cells  Kristin Bergum
Marcus G. Michaelsen   M  Optical and structural characterization of Turid Reenaas, Hogne 
       doped and undoped TiO2 thin films,  Lysne
       using PL and XRD
Mina Elise Ø. Holter  F  Effekt av albedo på tosidig effektgevinst  Gaute Stokkan
      for PV-moduler med toakset styring 
Mochamad Irvansyah  M  Effect of cooling rate on the removal of  Marisa Di Sabatino
      impurities from MG-Si alloyed with MG     
Mykhailo Khytko   M  Performance and economical feasibility Marisa Di Sabatino
      study of residential rooftop PV systems 
      in Norway, Denmark and Ukraine 
Ranvei Isaksen   F  IR- og dataanalyse for feildeteksjon Erik Marstein
      og diagnostisering av solcellemoduler  
Safia Hassan   F  Utilisation of Silicon-Kerf from Solar  Gabriella Tranell
      cell Wafering
Sigrid L. Larsen   F  Investigation of Outdoor Performance  Anne Gerd Imenes
      of Silicon Photovoltaic Modules at 
      Different Installation
Siri B. Jensen   F  Studie av elektroluminescens og IV- Espen Olsen
      kurver for å undersøke defektutvikling i
      solcellemoduler
Stine Evjeberg Hansen  F  Simulations and fabrication of prototype Turid Reenaas
       TiO2-based solar cells
Tore Bysting Skauge  M  Simulations of impurity type solar cells Turid Reenaas
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Publication list – report 2021

The activities have resulted in the following presentation in mass media:

1. Historisk overskudd for Norwegian Crystals: - Vi jubler forsiktig, kulingen.no, 28.07.2021

2. Endelig kan Gøran og Øyvind smile: - Vi tar sikte på å bli en betydelig leverandør, An.no 13.01.2021

3. High ambition with low carbon footprints, PES, https://pes.eu.com/solar/high-ambition-with-low-carbon-footprints/

4. Nytt materiale gjør solceller enda mer miljøvennlige, 

5. Fasaden har mer energi enn taket, THOMAS SKAZEDONIGG , Fasaden har mer energi enn taket (fusen.no), 25.01.2021

6. Leverandøren fikk hakeslepp, Solcellene på fasaden produserer med strøm enn solcellene på taket. Leverandøren fikk hakeslepp: 
Solcellene på fasaden produserer mer strøm enn solcellene på taket - Tu.no, 05.02.2021

7. pv magazine top business model: Weg mit dem Schnee dank Innos Weight Watcher, pv magazine top business model: Weg mit dem 
Schnee dank Innos Weight Watcher – pv magazine Deutschland (pv-magazine.de)

8. Snøsmelting på taket, Jens Hetland, Snøsmelting med solceller (fusen.no) 18.03.2021

9. Sverige installerte 10 ganger så mye solenergi som Norge i fjor. Nå kommer forklaringen, Jens Hansson, Teknisk Ukeblad, 12.08.2021

10. 3 av 7 radikalt nyskapende forskningsprosjekter til UiO, Bente Bakken, Per-Anders Hansen, Titan (UiO)

11. «Pinky» er ikke bare en rosa edderkopp, Elina Melteig, Per-Anders Hansen, Titan (UiO)

12. Lager fremtidens hydrogen ved å omdanne sollys til UV-stråler, Yngve Vogt, Per-Anders Hansen, Teknisk Ukeblad

13. Lager fremtidens hydrogen ved å omdanne sollys til UV-stråler, Yngve Vogt, Per-Anders Hansen, Apollon (UiO)

14. Rosa edderkopp, frosne hamstre og rullegardin for jorda, Per-Anders Hansen, Andreas Wahl, Jøss! (podcast)

15. Hvorfor er denne edderkoppen rosa? Per-Anders Hansen, Forskningsrådet, Nysgjerrigper, Nr. 4 2021

16. Veikart for den norske solbransjen, Podcast, Erik S. Marstein, Solenergiklyngen 21/1-2021

17. Vi skal røske ut hjertet på dagens energisystem og sette inn et nytt, Podcast Erik S. Marstein, Energi og Klima 27/5-2021

18. E24-podden: Det finnes mer enn vann- og vindkraft, Podcast Erik S. Marstein, E24.no 11/8-21

19. Strøm kan bli et knapphetsgode i vannkraftlandet Norge, Erik. S. Marstein. E24.no 29/1-2021

20. Sju grunner til at Norge kan trenge mer vindkraft, Erik. S. Marstein, nrk.no, 10/2 -2021 

21. Veikart for den norske solbransjen mot 2030» - glassogfasade.no, Erik. S. Marstein, 19/3 -2021

22. Verdensrekord for solceller med helt ordinær teknologi, tu.no, Erik. S. Marstein, 21/4 -2021

23. Solenergi mot 2050, klimastiftelsen.no, Erik. S. Marstein, 27/5 -2021

24. Ekspertintervjuet: Slik får vi fart på norsk solenergi, Energi og miljø, Erik. S. Marstein, 3/6 -2021

25. Tyskland: Solenergi med batterier billigere enn gasskraft i 2030, tu.no, Erik. S. Marstein, 25/6 -2021

26. Forskningssjef etterlyser satsing på solenergi», Debatt – Dagsnytt 18, NRK , Erik. S. Marstein, 29/6-2021

27. Norske aktører som produserer BIPV, glassogfasade.no, Erik. S. Marstein,  23/8 -2021

28. Opptur for solcellebransjen, intervju e24, Erik. S. Marstein, 4/10 -2021

29. En helt tullete vekst, intervju – VG, Erik. S. Marstein,5/10 -2021

30. Hva gjør vi med overskuddsstrømmen fra solcelleanlegg, glassogfasade.no, Erik. S. Marstein, 23/8 -2021

31. Hadde vi hatt mer solkraft, kunne vi spart vannmagasinene i sommer, tu.no, Erik. S. Marstein, 19/8 -2021

32. Mener solkraft kan få ned kraftprisen, Energiteknikk, Erik. S. Marstein, 20/8 -2021

33. Oljeministeren vil ha mer norsk solenergi, tu.no, Erik. S. Marstein, 20/8 -2021

34. https://gemini.no/2021/01/silisium-til-solceller-kan-bli-mer-miljovennlig/, 22.01.2021 Mengyi Zhu

35. From rocks to solar cells: Silicon as the beating heart of solar panels - NTNU TekNat, Hoseinpur Kermani, Arman. NTNU TekNat, 
02.11.2021

36. Solindustri som klimatiltak, Grønn Industri 21, Mainifest tenkesmie, Birgit Ryningen, Gaute Stokkan og Jens Hanson 22/06 -2021, 
https://manifesttankesmie.no/solindustri-som-klimatiltak/

37. Hvor er solstrategien vår?, Klassekampen, Birgit Ryningen, Gaute Stokkan og Jens Hanson, 22/06-2021, https://klassekampen.no/
utgave/2021-06-22/debatt-hvor-er-solstrategien-var

Appendix 2
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The activities have resulted in report, lecture, articles, presentations in 
meetings/conferences for public sector, business, and industry: 

1. Welcome and status, Erik S. Marstein, NSCC 2021

2. Making the solar business circular, Ronny Glockner, NSCC 2021

3. Impurity analysis in Al-Si alloys by SIMS: the role of the primary beam, Alexander Azarov, NSCC 2021

4. Gallium- and Boron-doped hpmc-Si Wafers Studied by Hyperspectral Photoluminescence Imaging, Torbjørn Mehl, NSCC 20201

5. A study on the wettability and chemical stability of Si3N4:Si2ON2 coating for application to photovoltaic silicon crystallization, Rania 
Hendawi, NSCC 2021

6. In situ spectroscopic investigation of water and hydroxyl groups during heat treatment of high purity natural quartz, Bartłomiej A. 
Gaweł, NSCC 2021

7. Illuminated Annealing of multicrystalline and monocrystalline silicon wafers containing B, P, and Ga, Rune Søndenå, NSCC 2021

8. Improving ALD-Al2O3 surface passivation of Si solar cells by using native SiOx, Michael N. Getz, NSCC 2021 

9. NCR - World class scale in northern Norway, Øyvind Østrem, NSCC 2021 

10. Mechanism of the Magnesiothermic Reduction of Quartz at Different Reaction Conditions, Azam Rasouli, NSCC 2021 2.-3. November 
2021 

11. Electronic properties and the dominant levels in ZnON, Kjetil Karlsen, NSCC 2021

12. Colour and Gloss of PV-modules for Building Integration, Tore Kolås, NSCC 2021

13. Status of the solar industry in Norway, Maja Busch Sevaldsen, NSCC 2021

14. Different Reaction Conditions, Azarov, Alexander; Hoseinpur, Arman; Safarian, Jafar; Monakhov, Eduard, NSCC 2021 2.-3. November 
2021 

15. Yield enhancement of roof-installed bifacial PV system, Junjie Zhu, NSCC 2021

16. Dominating migration barrier for intrinsic defects in gallium oxide at and above room temperature, Azarov, Alexander; 
Venkatachalapathy, Vishnukanthan; Monakhov, Eduard; Kuznetsov, Andrej, 31st International Conference on Defects in 
Semiconductors (ICDS-31)

17. Dose-rate effect in β-Ga2O3, Azarov, Alexander; Venkatachalapathy, Vishnukanthan; Monakhov, Eduard; Kuznetsov, Andrej, The XXV 
International Conference on Ion-Surface Interactions (ISI-2021)

18. Radiation defect dynamics in β-Ga2O3: ion flux vs irradiation temperature, Azarov, Alexander; Venkatachalapathy, Vishnukanthan; 
Monakhov, Eduard; Kuznetsov, Andrej, Applied Nuclear Physics conference (ANPC-2021)

19. Gas refining of silicon for B removal (oral presentation), Arman Hoseinpur Kermani, the European PV Solar Energy Conference (EU 
PVSEC) 2021

20. Solceller lever lenger i Norge enn i varmere strøk, Josefine Selj, Eivind Bekken Sveen, Gaute Otnes, Dagens Næringsliv, 18.12.2020

21. Sol på en fredag – bifacial spesial, Heine Nygard Riise m.fl. 19.11.2021, Solenergiklyngen

22. CleanTuesday – BIPV frokostwebinar - 9. mars 2021, Erik Stensrud Marstein m.fl., Solenergiklyngen

23. Bærekraftig produksjon av solcellematerialer - 3. juni 2021, Frokostwebinar, Erik Stensrud Marstein m.fl., Solenergiklyngen

24. The Norwegian Solar Energy Innovation System, Chasanidou, D., Hanson, J. & Normann, H.E. NTRANS report series, 21.06.2021

25. Outdoor Photoluminescence and Electroluminescence Imaging of Silicon Modules in a String, Ingunn Burud, NSCC 2021

26. Low Carbon Footprint as a business advantage, Trude Nysæther, NSCC2021

27. Bifacial gain in Nordic conditions, Magnus Moe Nygård, NSCC 2021

28. Temperature profiles of field-aged photovoltaic modules affected by optical degradation, Oscar Kwame Segbefia, NSCC 2021

29. Inspection and condition monitoring of large-scale photocoltaic power plants: A review of imaging technologies, Ingeborg Høiaas, 
NSCC 2021

30. Adapting the design of ground mounted solar power plants to snowdrift climates, Iver Frimannslund, NSCC 2021

31. PV snow losses in Norway: how much power is lost, and can it be predicted? Mari Øgaard, NSCC 2021

32. Testing Bifacial solar panels in agrivoltaics – a Do-it-yourself project, Gaute Stokkan, NSCC 2021

33. High Purity Quartz - Performance Raw Materials for the Solar Industry, Benny Hallam, SINTEF/ NTNU Webinar series, December 2020, 
on-line.
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34. Bygningsmessig integrasjon: kontrast eller harmoni?, Barbara Matusiak, Arbeidspakkemøte WP3/WP4 vår 2021

35. Thin film interference coatings for coloured and efficient PV, Tore Kolås, Arbeidspakkemøte WP3/WP4 vår 2021

36. Toward Architectural Design Method for Coloured FaÇade Integrated Photovoltaics, Changying Xiang, Arbeidspakkemøte WP3 høst 
2021

37. Simulating a tandem solar cell using SILVACO, Ingvild Bergsbak, Arbeidspakkemøte WP3 høst 2021

38. Broadband angular colour stability of dielectric thin film-coated pyramidal textured Si for photovoltaics, Nathan Roosloot, 
Arbeidspakkemøte WP3/WP4 vår 2021

39. PLD grown Cr and N co-doped TiO2 as a potential intermediate band solar cell, Hogne Lysne, Arbeidspakkemøte WP3/WP4 vår 2021

40. Pixelation method for façade integrated photovoltaics, Changying Xiang, Arbeidspakkemøte WP3/WP4 vår 2021

41. Lanthanide-based thin films for light conversion, Vegard Rønning, Arbeidspakkemøte WP3/WP4 vår 2021

42. Design and fabrication of colored solar cells for BIPV applications, Ørnulf Nordseth, Arbeidspakkemøte WP3/WP4 vår 2021

43. Performance of BIPV and BAPV systems in Norway: Experiences and results from the BIPVNO project”, Anne Gerd Imenes, SUSOLTECH 
combined WP3 & WP4 meeting (Teams online), 03.05.2021. 

44. PV Systems Research at University of Agder, Anne Gerd Imenes, SUSOLTECH WP4 seminar (Teams online), 16.06.2021.

45. Imaging for PV module monitoring, O. S. Kwame, SUSOLTECH WP4 online workshop at NMBU, 23 Sept 2021.

46. Complex oxides for intermediate band solar cells, Ingrid Hallsteinsen, Årsmøte FME Susoltech 31.08.2021 

47. Tandem solar cells, Martin Nyborg, Årsmøte FME Susoltech 31.08.2021 

48. Colors and esthectics in BiPV, Barbara Matusiak, Tore Kolås, Ørnulf Nordseth, Årsmøte FME Susoltech 31.08.2021

49. Magnesiothermic reduction of quartz, Azam Rasouli, Årsmøte FME Susoltech 31.08.2021

50. SIMS analysis of Si samples, Alexander Azarov, Årsmøte FME Susoltech 31.08.2021

51. Investigation of the refining limitation of silicon feedstock by metallurgical treatments, Kai Tang, Årsmøte FME Susoltech 31.08.2021 

52. Trends in solar cell technologies and its impact on crucible properties, Benny Hallam, Årsmøte FME Susoltech 31.08.2021 

53. How to measure the properties of next generation quartz crucibles?, Gabriela Warden, Årsmøte FME Susoltech 31.08.2021 

54. Advance characterization of degradation mechanisms in solar cell silicon, Philip Weiser, Årsmøte FME Susoltech 2021, 

55. Study on alignment of policy needs, Jens Hansson, Årsmøte FME Susoltech 31.08.2021 

56. Performance of the bifacial plant at Isola AS, Heine Nygard Riise, Årsmøte FME Susoltech 31.08.2021

57. TBD, Testing Bifacial solar panels in agrivoltaics-Do it yourself project, Gaute Stokkan, Årsmøte FME Susoltech 31.08.2021 

58. Pulsed laser deposition of doped TiO2 thin films with lateral composition gradients, Hogne Lysne, NSCC 2021

59. Colour and Gloss of PV-modules for Building Integration, Tore Kolås, Arne Røyset, Ørnulf Nordseth, Chang Chuan You, Barbara 
Matusiak, Changying Xiang, NSCC 2021

60. Fabrication and characterization of dielectric thin film stacks for colored BiPV applications, Chang Chuan You, NSCC 2021

61. Architecturally attractive BIPV facades with efficient coloured PV, Tore Kolås, Building integrated PV webinar

62. Solar hydrogen - Adapting sunlight to fit the technology, Per-Anders Hansen, Foredrag, Impact Breakfast (UiO:Energy)

63. Evolution of microstructure and stess in homoepitexial Si films grown by electron beam evaporation, R. Dahl-Hansen, M. Stange, NSCC 
2021

64. Viscosity measurements on fuesed quartz: challenges and methods development, G.K.  Warden, M.Juel, B.A. Gawel, M.M’hamdi, M. Di 
Sabatino, NSCC 2021

65. In-situ obervations of dislocations during directional solidifaction, G. Stokkan, M.G.Tsoutsouva, B. Ryningen, NSCC 2021

66. Fast degradation and recovery of Ga doped wafers, Per-Anders Hansen, NSCC 2021

67. Characterization of hydrogen-related impurities in silicon and their connection to light-induced degradation, P.M. Weiser, R. Søndenå, 
R. Carcamo, A.G. Farzad, and E. Monakhov, NSCC 2021

68. How to optimize the utilization of PV in a hybrid off-grid energy system, M. Juel, G. Stokkan, T. Xu, Y. Raka, S.M. Hanetho, NSCC 2021

69. Dynamic observation of dislocation evolution and interaction with twin boundaries in silicon crystal growth using in-situ synchrotron 
X-ray diffraction imaging, M. G. Tsoutsouva, G. Stokkan, B. Ryningne, NSCC 2021

70. Low temperature heat treatment of multicrystalline silicon wafer, G. Stokkan, B. Ryningen, Y. Xu, I Bragestad, NSCC 2021

71. Modelling of bifacial PV-modules using Ray Tracing, M.E. Holter, E. Øvrelid, E.Olsen, NSCC 2021
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72. Testing Testing Bifacial solar panels in agrivoltaic- a Do-it-yourself projectBifacial solar panels in agrivoltaic- a Do-it-yourself project, G. 
Stokkan, NSCC 2021

73. Steady-state Photocapacitance Spectroscopy of Intrinsic Defects in Electron-Irradiated β-Ga₂O₃, A. Langørgen, R.M. Karsthof, P.M. 
Weiser, O. Cavani, R. Grasset, Y. K. Frodason, I.J.T. Jensen, L. Vines, 31st International Conference on Defects in Semiconductors (ICDS), 
July 26th-30th, 20221, Oslo

74. Diffusion of donor dopants in β-Ga2O3 and interplay with gallium vacancies, P.P. Krzyzaniak, Y.K. Frodason, P.M. Weiser, L. Vines, K.M.H 
Johansen, 31st International Conference on Defects in Semiconductors (ICDS), July 26th-30th, 20221, Oslo

75. Effect of pulling speed on oxygen related defects in Czochralski silicon ingots, G.K. Warden, M. Juel, J.A. Bones, M. Di Sabatino, 31st 
International Conference on Defects in Semiconductors (ICDS), July 26th-30th, 20221, Oslo

76. Evolution of hydrogen-related defects in float zone-grown silicon wafers under dark annealing: resistivity change vs. FT-IR, Philip 
Michael Weiser, Rune Søndenå, and Eduard V. Monakhov, 31st International Conference on Defects in Semiconductors (ICDS), July 
26th-30th, 20221, Oslo

77. Identifying defect parameters for common recombination centers in multicrystalline silicon by temperature and injection dependent 
lifetime spectroscopy, Marie Syre Wiig, and Rune Søndenå, Erik S. Marstein and Halvard Haug, 11th International Conference on 
Crystalline Silicon Photovoltaics, April 19th - 23rd, 2021, Emmerthal

78. Measuring moisture ingress through FPV module edge sealants by a gravimetric method Nathan Roosloot, Mike Dallaway, Bjørn Riise 
and Gaute Otnes, NSCC 2021

79. Developing photon conversion structures for PV applications Vegard Rønning, NSCC 2021

80. Extended Thermal Cycling of Shingled Cell Interconnects Nathan Roosloot, Junjie Zhu, Sean Erik Foss and Gaute Otnes, NSCC 2021

81. Evaluation of irradiance models for bifacial PV systems Dina Martinsen, Magnus Moe Nygård, Marie Syre Wiig, Heine Nygard Riise, 
Mari Øgaard, Gaute Otnes, Marisa di Sabatino og Erik Stensrud Marstein, NSCC 2021

82. Balcony design with integrated PVs Changying Xiang, NSCC 2021

83. Veikart for den norske solbransjen mot 2030, Erik. S. Marstein, Geminisentermøte 29/4

84. Solar cell technology, Erik. S. Marstein, Fysikermøte 21/6-2021

85. Solar cell technology, Erik. S. Marstein, Sundvolden 26/8-21

86. Energi21, Erik. S. Marstein, solkraftmøte 7/9-21

87. Solbransjen anno 2021, Erik. S. Marstein, Solenergiklyngen 23/9-21

88. Fremtidig behov for teknologiutdanning innen fornybare energisystemer, Erik. S. Marstein, Foredrag Innspillseminar, Lillestrøm 22/10-
2021

89. Identification of Fe-, Ti- and H-related Charge-state Transition Levels in β-Ga2O3, C. Zimmermann, Y.K. Frodason, J.B. Varley, E.F. 
Verhoeven. V. Rønning, P.M. Weiser, A. W. Barnard, G. Zbigniew, K. Irmscher, W. E, Meyer, F.D. Auret, A. Karjalainen, A. Langøren, R.M. 
Karsthof, L. Vines, 31st International Conference on Defects in Semiconductors (ICDS), July 26th-30th, 20221, Oslo

90. Multistability of Ga-O divacancies in β-Ga2O3, Y.K. Frodason, C.Zimmermann, E.F. Verhoeven. P.M. Weiser, L. Vines, J.B. Varley, 31st 
International Conference on Defects in Semiconductors (ICDS), July 26th-30th, 20221, Oslo

The activities have resulted in the following 
publications in refereed journals:

1. Selective Vacuum Evaporation by the Control of the Chemistry of Gas Phase in Vacuum Refining of Si, Arman Hoseinpur, Stefan 
Andersson, Kai Tang, and Jafar Safarian, ACS publications, Langmuir 2021, 37, 7473−7485

2. Gas Phase in Vacuum Refining of Si, Zhu, Mengyi; Wu, Guixuan; Azarov, Alexander; Monakhov, Eduard; Tang, Kai; Müller, Michael; 
Safarian, Jafar, Metallurgical and Materials Transactions B. vol. 52 (5).

3. P removal from Si by Si-Ca-Al alloying-leaching refining: Effect of Al and the CaAl2Si2 phase. Separation and Purification Technology, 
Zhu, Mengyi; Yue, Shengying; Wu, Guixuan; Tang, Kai; Xu, Yijiang; Safarian, Jafar, Separation and Purification Technology, Volume 271, 
15 September 2021, 118675

4. Impurity removal from Si by Si-Ca-Mg ternary alloying-leaching system, Zhu, Mengyi; Wan, Di; Tang, Kai; Safarian, Jafar. Materials & 
Design, Volume 198, 15 January 2021, 109348

5. Vacuum refining of silicon at ultra-high temperatures, Hoseinpur Kermani, Arman; Safarian, Jafar, Vacuum. vol. 184. (109924) 2021

6. Activation energy of silicon diffusion in gallium oxide: Roles of the mediating defects charge states and phase modification, A. Azarov, 
V. Venkatachalapathy, L. Vines, E. Monakhov, I.-H. Lee, and A. Kuznetsov, Applied Physics Letters, 119 (2021) 182103, 
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7. Formation and functionalization of Ge-nanoparticles in ZnO, B.L. Aarseth, C.S. Granerød, A. Galeckas, A. Azarov, P.D. Nguyen, Ø. Prytz, 
and L. Vines, Nanotechnology 32 (2021) 505707

8. Absolute radiation tolerance of amorphous alumina coatings at room temperature, A. Zaborowska, Ł. Kurpaska, M. Clozel, E.J. Oliver, 
J.H. O’Connell, M. Vanazzi, F. Di Fonzo, A. Azarov, I. Jóźwik, M. Frelek-Kozak, R. Diduszko, J.H. Neethling, and J. Jagielski, Ceramics 
International 47 (2021) 34740-34750

9. Dominating migration barrier for intrinsic defects in gallium oxide: Dose-rate effect measurements, A. Azarov, V. Venkatachalapathy, 
E.V. Monakhov, and A.Yu. Kuznetsov, Applied Physics Letters 118 (2021) 232101

10. Deposition and characterization of lithium doped direct current magnetron sputtered Cu2O films, M. Nyborg, A. Azarov, K. Bergum, and 
E. Monakhov, Thin Solid Films 722 (2021) 138573

11. Identifying snow in photovoltaic monitoring data for improved snow loss modeling and snow detection, Mari Øgaard, Bjørn Aarseth, 
Åsmund Skomedal, Heine Nygard Riise, Sabrina Sartori, Josefine Selj, Solar Energy, p238, 223/2021

12. Moisture ingress in photovoltaic modules: A review, Oscar Kwame Segbefia, Anne Gerd Imenes, Tor Oskar Sætre, Solar Energy, p889-
906, 221/2021

13. Investigation of temperature coefficients of PV modules through field measured data, Basant Paudyal, Anne Gerd Imenes, Solar Energy, 
p425-439, 224/2021

14. Dominant defects and carrier transport in single crystalline cuprous oxide: A new attribution of optical transitions, M. Nyborg, I, 
Kolevatov, G. C. Vásquez, K. Bergum, and E. Monakhov, Journal of Applied Physics, 130/17/2021

15. Deposition and characterization of lithium doped direct current magnetron sputtered Cu2O films, M.Nyborg, A.Azarov, K.Bergum, 
E.Monakhov, Thin Solid Films, 722/138573/2021

16. Pixelization approach for façade integrated coloured photovoltaics-with architectural proposals in city context of Trondheim, Norway, 
Changying Xiang, Barbara Szybinska Matusiak, Arne Røyset, Tore Kolås, Solar Energy, 1222-1246, 224/2021

17. The impact of surface properties on photovoltaics’ colour angular sensitivity: A comparison study for façade integration, Xiang, 
Changying; Green, Philip John; Matusiak, Barbara Szybinska, Color Research and Application,  p524-537, 46/2021

18. Strong self-sensitized green and NIR emission in NaYS2 doped with Pr3+ and Yb3+ by inducing Laporte allowed and charge transfer 
transitions, Per-Anders Hansen, Susmit Kumar, Andries Meijerink, Journal of Luminscence, 235/118012/2021

19. Molecular layer deposition of photoactive metal-naphthalene hybrid thin films, Melania Rogowska, Per-Anders Hansen, Henrik Hovde 
Sønsteby, Joanna Dziadkowiec, Håkon Valen and Ola Nilsen, Dalton Transactions, 12896-12905, 50/2021

20. Quinizarin: a large aromatic molecule well suited for atomic layer deposition, Per-Anders Hansen and Ola Nilsen, Dalton Transactions, 
8307-8313, 50/2021

21. MOF thin films with bi-aromatic linkers grown by molecular layer deposition, Kristian Blindheim Lausund, Malin Solheim Olsen, Per-
Anders Hansen, Håkon Valen and Ola Nilsen, Journal of Materials Chemistry A, 2539-2548, 8/2020

22. The Effect of Pull Speed and Heat Treatment on Thermal Donors in Cz-Silicon, E. Olsen,T. Mehl,H. E. Stalheim,M. Juel,R. Søndenå,I. 
Burud, Physica Status Solid A: Applications and Materials Science, https://doi.org/10.1002/pssa.202100655, 1862-6319, Wiley, 
Redaktør: Stefan Hildebrant

23. Dynamic observation of dislocation evolution and interaction with twin boundaries in silicon crystal growth using in – situ synchrotron 
X-ray diffraction imaging, M.G.Tsoutsouva.G, Regula.B. Ryningen, P.E.Vullum, N.Mangelinck-Noël G.Stokkan, Acta Materialia, p116819, 
21/--/2021 https://doi.org/10.1016/j.actamat.2021.116819, 1359-6454, Elsevier, Redaktør: C.A. Schuh

24. Interplay of vacancies, hydrogen, and electrical compensation in irradiated and annealed n-type β-Ga2O3, A. Karjalainen, 
P.M. Weiser, I. Makkonen, V.M. Reinertsen, L. Vines, F. Tuomisto, Journal of Applied Physics, 165702, 129/--/2021/ https://doi.
org/10.1063/5.0042518, 0021-8979, AIP, Redaktør: André Anders

25. Multistability of isolated and hydrogenated Ga-O divacancies in beta-Ga2O3, Y.K. Frodason, C. Zimmermann, E.F. Verhoeven, P.M. 
Weiser, L. Vines, J.B. Varley, PHYSICAL REVIEW MATERIALS, 25402, 5/--/2021 https://doi.org/10.1103/PhysRevMaterials.5.025402, 
2475-9953, APS, Redaktør: Michael Thoennessen 

26. Anisotropic and trap-limited diffusion of hydrogen/deuterium in monoclinic gallium oxide single crystals, V. M. Reinertsen, P.M. 
Weiser, Y. K. Frodason, M.E. Bathen,  L. Vines, and  K.M. Johansen, Applied Physics Letters, 232106, 117/--/2020 https://doi.
org/10.1063/5.0027333, 0003-6951, AIP, Redaktør: Lesley F. Cohen

27. Temperature-Dependent Photochromic Performance of Yttrium Oxyhydride Thin Films, E. M. Baba,P. M. Weiser,E. Ö. Zayim,S. 
Karazhanov, Physica Status Solidi. Rapid Research Letters, 1, 15/1/2020 https://doi.org/10.1002/pssr.202000459, 1862-6254, Wiley, 
Redaktør: Stefan Hildebrandt

28. Electrically-active defects in reduced and hydrogenated rutile TiO2, J. Bonkerud, C. Zimmermann, F. Herklotz, P.M. Weiser, C. Seiffert, 
E.F. Verhoeven, L. Vines and E.V. Monakhov, Semiconductor Science and Technology, 14006, 36/1/2020  https://doi.org/10.1088/1361-
6641/abc854, 0268-1242, IOPScienece, Redaktør: Koji Ishibashi

29. On the permittivity of titanium dioxide, J. Bonkerud, C. Zimmermann, P. M. Weiser, L. Vines, and E. V. Monakhov, Scientific Reports, 
12443, Vol.11/2021, https://doi.org/10.1038/s41598-021-92021-5  
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The activities have resulted in the following published presentations 
from international scientific conferences:

1. Uniqueness verification of blue fraction as a parameter of spectral irradiance quantification, Basant Raj Paudyal, Anne Gerd Imenes, 
2021 IEEE 48th Photovoltaic Specialists Conference (PVSC), 2563-2568, 2021.

2. Temperature profiles of field-aged multicrystalline silicon photovoltaic modules affected by microcracks, Oscar Kwame Segbefia, 
Anne Gerd Imenes, Ingunn Burud, Tor Oskar Sætre, 2021 IEEE 48th Photovoltaic Specialists Conference (PVSC) 2021 IEEE 48th 
Photovoltaic Specialists Conference (PVSC), 20-25 June 2021, DOI 10.1109/PVSC43889.2021.9518939, https://ieeexplore.ieee.org/
document/9518939

3. A Deep Learning Approach for Automated Fault Detection on Solar Modules Using Image Composites, Anne Gerd Imenes, Nadia Saad 
Noori, Ole Andreas Nesvåg Uthaug, Robert Kröni, Filippo Bianchi, Nabil Belbachir, 2021 IEEE 48th Photovoltaic Specialists Conference 
(PVSC), 2021 IEEE 48th Photovoltaic Specialists Conference (PVSC), 20-25 June 2021, DOI 10.1109/PVSC43889.2021.9518540, https://
ieeexplore.ieee.org/document/9518540,

4. Modeling Snow Losses in Photovoltaic Systems, M. B. Øgaard, H. N. Riise and J. H. Selj, 2021 IEEE 48th Photovoltaic Specialists 
Conference (PVSC), 517, 

5. Outdoor Photoluminescence and Electroluminescence Imaging of Silicon Modules in a String, M. Vukovic, I.E. Høiaas, M. Jakovljevic, 
A.S. Flø, E. Olsen & I. Burud, EUPVSEC 2021.

6. Comparison of Imaging Techniques for PV Module Inspection in the Field, I. Høiaas, M. Vukovic, M. Jakovljevic & I. Burud, EUPVSEC 
2021

7. Temperature Coefficients of Photovoltaic Modules under Partial Shading Conditions, O.K. Segbefia, B.R. Paudyal, A.G. Imenes & T.O. 
Saetre, EUPVSEC 2021 6-10 september, poster presentation

8. Evaluating and Finding Optimal Data Filters for PLR Estimation with Bayesian Optimization, E.B. Sveen, J.H. Selj & G. Otnes, EUPVSEC 
2021

9. Estimation of Snow Loss for Photovoltaic Plants in Norway, M.B. Øgaard, H.N. Riise & J.H. Selj, EUPVSEC 2021

10. Data Exchange and Research Collaboration through the PEARL PV CKAN Database, B. R. Paudyal, EUPVSEC 2021

11. Outdoor Photoluminescence and Electroluminescence Imaging of Photovoltaic Silicon Modules in a String, Marija Vuković, Ingeborg 
Eriksdatter Høiaas, Marko Jakovljević, Andreas Svarstad Flø, Espen Olsen, Ingunn Burud, SiliconPV 2021

12. Impact of global measured spectrum variation on solar photovoltaic efficiencies”, publisher engrXiv Preprints, Geoffrey S Kinsey, 
Matthew Boyd, Marília Braga, Nicholas C Riedel-Lyngskær, Raul R Cordero, Benjamin C Duck, Christopher J Fell, Sarah Feron, George E 
Georghiou, Nipon Ketjoy, Atse Louwen, Takashi Minemoto, Guilherme Neves, Gustavo Nofuentes Garrido, Basant R Paudyal, Carlos D 
Rodríguez Gallegos, Ricardo Rüther, Wilfried van Sark, Miguel Angel Sevillano-Bendezú, Marios Theristis, Jan Amaru Töfflinger, Márcia A 
Yamaso, engrXiv Preprints | Impact of measured spectrum variation on solar photovoltaic efficiencies worldwide

13. Tailored Architectural Design Method for Coloured Façade Integrated Photovoltaics: An Example from the Nordic Built Environment, 
Xiang, Changying; Lobaccaro, Gabriele; Matusiak, Barbara Szybinska, ISES Solar World Congress, 2021

14. Aesthetic Evaluation Criteria for Façade Integrated PVs in Urban Contex, Xiang, Changying; Moscoso Paredes, Claudia Trinidad; 
Matusiak, Barbara Szybinska, EU PVSEC 2021

15. A State of the Art of Design Criteria for Façade Integrated Photovoltaics, Xiang, Changying; Matusiak, Barbara Szybinska, EU PVSEC 
2021

16. Aesthetic Evaluation of Facade Integrated Coloured Photovoltaics Designs-an International Online Survey, Xiang, Changying; Matusiak, 
Barbara Szybinska, AIC 14th Congress Milano 2021

17. Efficiency loss in coloured photovoltaics: Estimating the contribution from reflection loss and absorption loss, Arne Røyset, Tore Kolås, 
Matas Rudzikas, Alexander Ulyashin, EU PVSEC 2021

18. Direct and Indirect Determination of Hydrogen-Boron Complexes in Float-Zone Silicon Wafers, R. Søndenå, P.M. Weiser, E. Monakhov, 
11th International Conference on Crystalline Silicon Photovoltaics, April 19th - 23rd, 2021, Emmerthal
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The activities have resulted in the following reports, lecture, presentation at 
technical meetings:

1. Solar silicon production by metallurgical processes, Jafar Safarian, For Max-planck Institute, https://www.mpie.de/4631747/jafar_
safarian

2. Performance of BIPV and BAPV systems in Norway: Experiences and results from the BIPVNO project”, Anne Gerd Imenes, SUSOLTECH 
combined WP3 & WP4 meeting (Teams online), 03.05.2021. 

3. PV Systems Research at University of Agder, Anne Gerd Imenes, SUSOLTECH WP4 seminar (Teams online), 16.06.2021.

4. Imaging for PV module monitoring, O. S. Kwame, SUSOLTECH WP4 online workshop at NMBU, 23 Sept 2021.

The activities have resulted in the following communication effort for 
relevant target group: 

1. Simulation of 12 different BIPV façades for Voldsløkka skole for Oslo Bygg and Veidekke (4 different colours and 3 different types of 
glass) a. Used for choosing a façade with the optimum combination of esthetics and PV-losses

2. Simulation of different string lengths used on same MPPT and effect on yield. The work is used internally in Fusen for deciding string 
architecture in actual projects, especially in relation to inverters with only one MPPT.

Scientific/scholarly publications (monograps publications)
- Master/PhD thesis:

1. Silicon purification by acid leaching and slag refining techniques, PhD thesis, Mengyi Zhu, NTNU 2021

2. Vacuum and Gas Refining of Silicon for Solar Cell Applications, PhD thesis, Arman Hoseinpur Kermani, NTNU 2021

3. Investigation of Outdoor Performance of Silicon Photovoltaic Modules at Different Installation Angles, Sigrid Langholm Larsen, Master 
thesis, Faculty of Engineering and Science, University of Agder, June 2021. https://uia.brage.unit.no/uia-xmlui/handle/11250/2789173

4. System modeling and dispatch schedule optimization of combined PV battery system using linear optimization, Birk Ludwig Schoder 
Aigner, Master thesis, Faculty of Engineering and Science, University of Agder, June 2021. https://uia.brage.unit.no/uia-xmlui/
handle/11250/2788085

5. Simulation and validation of the energy demand using photovoltaic systems to reduce roof snow load on building structures, Louise 
Viketun Skjøndal, Master thesis, NMBU, Desember 2021.
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Statement of Accounts

(All figures in 1000 NOK)

Funding source Amount Amount
The Research Council 14,625
The Host Institution, IFE 2,657
Research Partners* 8,259
Industry partners* 6,055
Public partners* 238

Total Founding 31,834

Cost element Amount
The Host Institution, IFE 7,368
Research Partners 17,500
Industry partners 5,151
Public partners 238
Equipment 1,577

Total Costs 31,834

*Give names for each group of partners

Funding

Costs

Appendix 3



Center partners

Contact information - Center Management
Contact person:  Erik Stensrud Marstein
  (Centre Director)
  Tel: (+47) 90 11 77 62
  E-mail: erik.stensrud.marstein@ife.no
  www.susoltech.no
 

Address:  The Research Center for Sustainable 
    Solar Cell Technology
    IFE
       Instituttveien 18
    NO-2007 Kjeller, NORWAY


