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Foreword
This is the very first annual report from the newly established 
Research Center for Sustainable Solar Cell Technology, or 
FME SUSOLTECH, as it is also known. The center was 
established in 2017 and is one of a total of 11 Centers 
for Environment-friendly Energy Research (FME) awarded 
funding from the Research Council of Norway (RCN). 
It is the only FME center with a sole focus on solar cell 
technology. 

FME SUSOLTECH is the result of several factors. Firstly, it 
is a direct consequence of a long-standing strategic effort 
to support R&D on solar cell technology in Norway, which 
also today remains a prioritized topic for research at RCN, 
as well as in the important Energi21 strategy. Secondly, 
it builds on a long and very fruitful collaboration between 
strong research groups and strong companies in the solar 
cell industry, several of which are among the technology 
leaders in their respective fields globally. One of these 
collaborations is the newly closed Norwegian Research 
Centre for Solar Cell Technology, a successful FME center 
of the first generation. Finally, the solar cell industry is more 
competitive and stronger than ever and STILL has a lot 
of improvement potential. FME SUSOLTECH has been 
designed to addresses several of the most important 
needs and challenges facing the industry, particularly the 
domestic industry in the near and more distant future. 

The global solar cell industry has grown impressively in 
the last decades, and has only recently emerged as one 
of the strongest contenders in the energy industry. Since 
2016, solar power plants have made up the largest share 
of ANY energy technology in terms of capacity of new 
power plants built. The vast majority of the solar modules, 
the main component of all of these power plants, are 
based on the crystalline silicon solar cell technology. This 
technology remains a strong point of the Norwegian solar 
cell community, a result of a long standing strategic focus 
on exactly this technology. The crystalline silicon solar 
cell technology is also the main technology to be further 
developed within FME SUSOLTECH.

In Norway, we have in recent years seen a dramatic growth 
in the use of solar power, and all of the installations are 
applied to or integrated into buildings. FME SUSOLTECH 
gathers, for the very first time, the most important research 
groups in this field in Norway with several of the most 
important companies with the aim of assisting the growth 
and development also of this branch of the solar cell 
industry in coming years.

The success of the solar cell industry to date is to a large 
extent due to the sum of a large number of incremental 
improvements in solar cell and production technology. A 
continued development of new technologies and processes 
allowing for the fabrication of increasingly efficient, low 

cost and sustainable solar cells, solar modules and solar 
energy systems is important, and the main focus of FME 
SUSOLTECH. 

The founding partners of FME SUSOLTECH, and the 
partners in 2017 were Code Arkitektur AS, Dynatec 
Engineering AS, Elkem Solar AS, Solenergi FUSen 
AS, Glass- og Fasadeforeningen, IFE, NMBU, Norges 
Bondelag, NorSun AS, Norwegian Crystals AS, NTNU, 
Omsorgsbygg, PVA Crystal Growing Systems GmbH, The 
Quartz Corp, SINTEF, Statoil Petroleum AS, Steuler Solar 
Technology AS, the University of Agder and the University 
of Oslo. This strong consortium of research and industry 
partners has activities spanning the entire value chain 
for the fabrication of crystalline silicon solar cells, from 
silicon feedstock production to solar module assembly. 
Additionally, the partners include several companies with 
a strong effort in end use of solar energy, from architects 
to solar system installers, users and owners of solar power 
plants. Combined, the partners form an active center with 
unique access to world class competence and research 
infrastructure.

Across the following pages, you will find a presentation of 
FME SUSOLTECH and its main activities in its first year. You 
will see selected snapshots of some of the exciting results 
of the center research in 2017.

The solar cell industry is currently changing the World, and 
the partners of FME SUSOLTECH already participate in this 
important transformation. I look forward to many years of 
important and relevant results from the center research, 
as well as other important contributions from the center 
partners.  

Erik Stensrud Marstein
Centre Director
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The Research Center for 
Sustainable Solar  
Cell Technology

The Research Center for Sustainable Solar Cell Technology 
(FME SUSOLTECH) was established by the major 
Norwegian research groups and companies in the field 
of solar cell technology in collaboration with the Research 
Council of Norway. In 2017, the Centre was awarded 
status and funding as a Centre for Environment-friendly 
Energy Research (CEER). FME SUSOLTECH has 19 
exciting partners: Code Arkitektur AS, Dynatec Engineering 
AS, Elkem Solar AS, Solenergi FUSen AS, Glass- og 
Fasadeforeningen, IFE, NMBU, Norges Bondelag, NorSun 
AS, Norwegian Crystals AS, NTNU, Omsorgsbygg, 
PVA Crystal Growing Systems GmbH, The Quartz Corp, 
SINTEF, Statoil Petroleum AS, Steuler Solar Technology 
AS, the University of Agder and the University of Oslo. IFE 
is the host institution of FME SUSOLTECH. Together, the 
center partners spans out a large part of the entire solar cell 
industry. Through its strong partners, FME SUSOLTECH has 
access to world class expertise, laboratory infrastructure 
and production capacity along the entire value chain for 
crystalline silicon-based solar energy systems, as well as in 
the field of solar power systems. 

The overall goal of FME SUSOLTECH is to increase the size 
and number of jobs in the domestic solar cell industry. This 
is supported by the following ambitious secondary goals:

• To develop the most environmentally friendly production 
processes for silicon feedstock for high efficiency, 
crystalline silicon-based solar cells in the World.

• To develop processes for making affordable, high 
performance silicon ingots and wafers, as well as 
selected materials and processes allowing for producing 
solar cells with high efficiencies.

• To demonstrate lower electricity costs, improved 
performance and improved sustainability due to the 
developed technologies on cell, module and system 
level.

• To contribute to a cost-effective and sustainable growth 
in the use of solar energy systems in Norway, with a 
particular emphasis on the building sector.

• To establish a Solar Industry Forum which will generate 
new business, projects and activities among the industry 
and research partners in the center.

The center research addresses critical topics related to 
cost reduction, solar module efficiency increases and 
improved sustainability resulting from improved silicon 
materials, selected developments in solar cell and module 
technology. This is a required platform for improving the 
competitiveness of the industry and preparing it for growth. 
The center will also monitor and document the performance 
of solar power plants in Norway and abroad to demonstrate 
the effect of the planned process development on the 
overall cost and environmental footprint of solar electricity. 
With its annual meeting and series of courses, seminars, 
meetings and workshops, the center is an important 
meeting place for this community. By reaching its aims, 
FME SUSOLTECH will enable solar energy to make even 
more significant contributions to electricity production and 
to play a key role in defining a future based on sustainable 
and renewable energy. Additionally, the competitiveness 
of the Norwegian solar cell industry cluster in a still rapidly 
growing, technology-driven industry will be strengthened. 
Industrial development in the field of solar cell technology is 
a major motivation for the entire center.

More information about the center can be found on our 
website: www.susoltech.no.
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Overview of the research 
performed in FME 
SUSOLTECH in 2017
The research in FME SUSOLTECH is a joint undertaking by 
all partners and addresses important topics for the further 
development of solar cell technology as a competitive 
energy technology. The main research topics are:

•	 Sustainable	silicon	production
•	 High	performance	silicon	ingots	and	wafers
•	 High	efficiency	silicon	solar	cells	and	modules
•	 End	use	and	impact

Across the following pages, the research within each 
of these topics is presented in more detail. A list of the 
resulting scientific and popular presentations based on this 
research is found at the end of this report.

The research in FME SUSOLTECH builds on existing, 
world-class expertise in the areas of silicon feedstock 
production, silicon crystallization, advanced material 
synthesis, characterization, modelling, silicon solar cell 
and module technology, as well as solar energy systems. 
This competence has been established among the center 
partners through a number of research projects over the 
last decades and is the foundation on which the center is 
built. 

The Norwegian solar cell industry has its strongest presence 
within the production value chain for the manufacture of 
solar cells based on silicon wafers. Silicon-based solar cell 
technology is a well-established research field in Norway 
and makes up the core of the research activities related 
to solar cell materials and production technology in FME 
SUSOLTECH. The center also carries out research related 
to end use of solar energy, sustainability and innovation in 
the solar cell industry. 

FME SUSOLTECH: a world class 
solar cell laboratory
An important fundament for the research in FME 
SUSOLTECH is its state-of-the-art solar cell research 
laboratories, as well as several test sites of solar energy 
systems. This research infrastructure has been built up by 
the center research partners through extensive investments 
in laboratories and process and characterization equipment. 
The laboratories have been significantly strengthened, both 
with new instruments funded through various national and 
international research projects, a national grant titled The 
Norwegian laboratory for silicon-based solar cell technology 
(NSST), as well as through earmarked infrastructure grants 
to the former FME center titled the Norwegian Research 
Centre for Solar Cell Technology. Additional equipment 
has been funded by industry partners. Combined, this 
infrastructure allows for performing research along the 
entire production value chain of solar modules and solar 
energy systems, and allows for demonstrating new 
concepts through the fabrication of full demonstrators and 
prototypes.
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Sustainable silicon production
Research devoted to sustainable solar silicon feedstock 
production by metallurgical and chemical processes is a 
research topic of high importance both to the global and 
national solar cell industry, as well as a central research 
topic in FME SUSOLTECH. Today, the majority of solar 
silicon feedstock available in the market is being produced 
through chemical processes, either by the Siemens process 
or the Fluid Bed Reactor (FBR) process. An alternative is 
the metallurgical route, an emerging technology which has 
seen significant developments in recent years. Both solar 
silicon production routes are extensively studied in FME 
SUSOLTECH.

Silicon	purification	through	metallurgical	processes
This research activity in FME SUSOLTECH, which is 
mainly performed at NTNU and SINTEF, focuses on the 
conversion of quartz ore into high purity solar grade silicon 
using metallurgical processes. The company REC Solar 
Norway, which until recently was known as Elkem Solar, is 
a world leading producer of silicon for the solar cell industry 
which successfully uses metallurgical processes in their 
production. Solidification refining is a key process for making 
pure silicon, as it efficiently removes metallic impurities due 
to a large segregation of these species between liquid and 
solid silicon during solidification. However, boron (B) and 
phosphorous (P) are two impurities of high technological 

importance which are not efficiently removed in this process. 
Therefore, any integrated process must include dedicated 
process steps for B and P removal. The development 
of innovative combined refining techniques for B and P 
removal was the main activity of FME SUSOLTECH in 2017 
in this activity. 

Silicon	purification	through	chemical	process
Chemical processes for solar silicon production first convert 
metallurgical silicon to silane gases, and then precipitate 
solid silicon from these highly purified gases. The product 
of the chemical route is called polysilicon and is the main 
feedstock in the entire solar cell industry. The Norwegian 
company Dynatec AS has developed a new process 
in which silicon is precipitated from silane in a centrifuge 
reactor with higher energy efficiency than in conventional 
production processes. To further improve chemical 
processes, an improved understanding of the chemical 
production processes is required. The pyrolysis of silane 
involves a highly complex reaction network of intermediate 
species. This research activity is mainly performed in 
the IFE Silicon Laboratory. Construction of a small-scale 
production reactor for silane pyrolysis and upgrading the 
existing gas chromatograph-mass spectrometer there 
has been the main focus in 2017. The new reactor was 
developed in order to enable much more efficient and 
targeted experiments of the chemical process. 

Figure 2: A picture of Milly (left) and the upgraded GCMS (right).
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Characterization	of	solar	grade	silicon
As solar grade silicon feedstock contains small amount 
of impurities ( +99.9999%Si), it is crucially important to 
have proper analysis techniques available to study silicon 
materials. In FME SUSOLTECH, the chemical composition 
of the produced silicon materials in the lab and pilot scale 
are measured by different advanced techniques such as 
Inductively Coupled Plasma-Mass Spectroscopy (ICP-
MS), Glow Discharge Mass Spectroscopy (GDMS), 
Secondary Ion Mass Spectroscopy (SIMS), Transmission 
Electron Microscopy (TEM), etc. These analysis techniques 
are performed on the both metallurgically and chemically 
refined silicon materials in order to build more fundamental 
knowledge about the processes and mechanisms of the 
reactions involved.

SEM micrograph of Mg-doped silicon for acid leaching and the 
characterized phases (Photo: Jafar Safarian)

Calculated phase diagram for Si-Ca-P system for metallurgical 
refining process (prepared by: Kai Tang)

For	more	information,	contact	Work	Package	Manager	
Dr.	Jafar	Safarian	(jafar.safarian@ntnu.no)
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High performance silicon 
ingots and wafers
The material quality of crystalline silicon ingots and 
wafers depends on the silicon feedstock, crucible and 
furnace materials and the parameters applied during the 
crystallization process. The combination of reduced costs 
and the demand for increased efficiencies of industrial 
silicon solar cells and modules makes the development 
of sustainable and cost-effective crystallization processes 
that produce silicon ingots of high quality critical. This 
development will require an increased understanding of 
how harmful impurities are transported into silicon, how 
defects in the material are subsequently formed, as well 
as how we can develop processes which can reduce 
either the concentration or detrimental effects related to 
these impurities and defects. In FME SUSOLTECH, this is 
done by a close interaction between experimental tests, 
theoretical knowledge and numerical simulations.  

Development and understanding new production processes 
for monocrystalline silicon made using the Czochralski 
(Cz) process and high performance multicrystalline silicon 
(HPMC-Si) are the main tasks in this work package. In 
addition, development of kerfless Si technology which 
enables silicon wafer production without sawing-related 
material losses will be targeted. The activity is divided into 
three subtasks. 

Monocrystalline	silicon
The research on monocrystalline silicon involves many 
of the center partners from both research and industry in 
FME SUSOLTECH. NorSun and Norwegian Crystals both 
operate production facilities for this type of materials in 
Norway and PVA Crystal Growing Systems and The Quartz 
Corp supply important equipment and materials to this 
branch. 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 
develop routines for limiting such defects, developing a 
complete understanding of the role of the crucible in the 
Cz process and using this understanding to determining 
the parameters defining a good crucible, as well as solving 
the problem of yield-limiting structure loss during Cz Si 
production. In 2017, oxygen-related defects in Cz-Si were 
investigated by hyperspectral photoluminescence imaging, 
a powerful and advanced characterization technique.

High	performance	multicrystalline	(HPMC)	silicon
The research on HPMC silicon also involves several 
center partners, including REC Solar Norway, a producer 
of such materials and Steuler Solar, a developer of a 
new ingot technology for this material. The research aims 
at improving the understanding and control of impurity 
transport during crystallization, developing models of the 
generation and effect of crystal defects and their interaction 
with impurities, establishing a fundamental understanding 
of how mechanical strain results in wafer breakage during 
subsequent solar cell processing and developing concepts 
that enable semi-continuous production of HPMC silicon. 
In 2017, an experimental setup for performing wettability 
studies of silicon on a silica substrate was established. 
This will be used to study the interaction between a silica 
crucible and silicon melt, as well as its dependence on the 
type of silica, temperature and coating. A Laue tool for grain 
boundary detection was upgraded, a method for measuring 
temperature dependent minority carrier lifetime developed 
and a common basis for how to investigate nucleation and 
grain growth in HPMC-Si by both experimental tests and 
simulations was established.

Kerfless	silicon
In the activity related to developing a process for fabricating 
Si wafers based on e-beam, a new e-beam sputter unit 
was installed at SINTEF which will be used for epitaxial 
growth of Si thin films on Si-substrate.

Laue tool for measuring grain orientation and grain boundaries
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E-beam deposition of silicon at SINTEF

For	more	information,	contact	Work	Package	Manager	
Dr.	Mari	Juel	(mari.juel@sintef.no)
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High efficiency silicon solar 
cells and modules
The research activity related to crystalline silicon solar cells 
and modules in FME SUSOLTECH has the following overall 
goals:

 - improving the performance of conventional silicon solar 
cells

 - developing and implementing novel concepts enabling 
solar cell efficiencies exceeding the theoretical Shockley-
Queisser limit

 - exploring and testing approaches for building-integrated 
solar modules

Improving	the	conventional	silicon	solar	cells
To build a clear understanding of the factors limiting the 
performance, one need to create a model that can reliably 
describe the operation of the cells and has a predictive 
power. 

These two activities have been the focus of the research:

 - Develop realistic and updated solar cell models 
 - Demonstrate prediction of cell efficiency based on wafer 

material quality (minority carrier lifetime) data

A large part of the activity centered on the development and 
implementation of 2D and 3D device models for crystalline 
silicon-based solar cells. As an increasingly large part of 
the solar cell market is moving over to more advanced solar 
cell architectures enabling higher efficiencies, it becomes 
important to account for 2D/3D effects to fully understand 
these devices. Another important topic is the quantification 
and analysis of the impact of bulk carrier lifetime on device 
performance. Both injection and temperature-dependent 
lifetime images have been acquired and used as input to 
device simulations.

Fig 1 – Quokka simulations of a 2D PERC cell (top left), showing lateral current flow at maximum power point (top right), the IV curve 
of the full structure (bottom left) and the breakdown of different power loss mechanisms (bottom right)

Fig 2. Schematic illustration of the procedure for simulating the impact of the lifetime distribution of a HPMC Si wafer: Each lifetime in 
the PL image (a) is used as input to local IV simulations performed using experimentally measured data to describe the cell structure, 
here exemplified by the emitter dopant profile (b). Scripted simulations using cmd-PC1D6 (c) is suitable for this purpose. Finally, the full 
IV curve is calculated from the area-weighted average of the local IV curves, with an added lumped circuit model to describe resistive 
losses (d)
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Novel	concepts
The research on novel concepts for very high efficiency 
solar cells is mostly performed by the two universities 
NTNU and UiO. 

The research efforts at NTNU have been focused on the 
so-called intermediate band approach. In this approach the 
active absorber material has a band of electronic levels in 
the band gap. Thus, effectively the material obtains three 
different band gaps that absorb solar light with higher 
efficiency compared to a material with only one band gap. 
There are different approaches for creating the intermediate 
band. The approach currently investigated at NTNU is 
based on doping of silicon with metals (e.g. tungsten). 

In 2017, the approach subjected to most investigations at 
UiO is the tandem solar cell concept, where two or more 
solar cells with different absorbers are stacked. The band 
gaps of the absorbers are selected to fit the solar spectrum. 
The research at UiO is focused on metal oxides based on 
abundant species. Here, cuprous oxide (Cu2O) is tested as 
the absorber material in the top cell, while a silicon-based 
cell is used as the bottom cell. This investigation involves 
studies on the relevant properties of Cu2O towards solar 
cell applications.

One of the deposited Cu2O thin film on quartz substrate.

Preliminary demonstration of conversion from UV-light to visible 
light of different colors.

Building	integrated	photovoltaics
Building integrated photovoltaics (BIPV) is a growing 
research field and is accompanied by growing interest 
from the industry. Surface texture, multilayer structures and 
encapsulation increase the complexity of solar cells, but 
also substantially increase the potential for tailoring of the 
optical properties and, hence, the appearance of a solar 
module. In a preliminary study, researchers at IFE used the 
software OPAL 2 to simulate different surface morphologies 
and multiple layers. The simulations were in very good 
accordance with experimental work and measurements 
performed on the thin film stacks after deposition. As a 
validation of this approach, it was subsequently used to 
tailor solar modules with the texture and color matching 
the façade color of the Ticon building in Drammen. This 
building will be renovated, solar cells are considered as a 
good solution for energy efficiency, but it is desired to keep 
the façade color close to the original. It was demonstrated 
that it was possible to developed antireflection coatings 
that match the façade very accurately and, at the same 
time, to enable excellent solar cell characteristics.

For	more	information,	contact	Work	Package	Manager	
Professor	Edouard	Monakhov	(edouard.monakhov@fys.uio.no)
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End-use and impact
This work package is set up to maximize the impact of the 
center research towards its overall goals related to industrial 
growth, increased sustainability and increased end use of 
solar modules. 

Innovation
In this activity, we investigate how the partner companies and 
research partners institutions can strengthen their position 
in the highly competitive global solar cell industry market via 
innovation, collaboration and improved competitiveness. 
This activity is currently being geared up.

Solar	energy	systems
In this activity, FME SUSOLTECH will demonstrate the 
substantial impact of the developments in the other research 
fields where it actually counts, namely in the performance 
of a complete solar energy system. Factors like increased 
electricity production (kWh), improved operation and/
or reduced degradation over time, the resulting levelized 
cost of electricity (LCOE) and the obtainable reductions in 
environmental footprint on system level are all important 
for the position of new products in the market, and 
will therefore be documented and disseminated. FME 
SUSOLTECH will also interact with leading installers, end 
users and organizations to impact national deployment and 
developments within end use, and provide easy access to 
updated, reliable, and quality controlled data regarding solar 
energy systems required for cost-effective and sustainable 
growth in end use, both in Norway and abroad.

Significant activity is ongoing on establishing a “best 
practice” for characterizing and monitoring solar energy 
systems in Norway. International standards have been 
adapted to the current Norwegian market and needs. This 
has been shared with the center partners, but will also be 
made publically available. 
Several practical issues face installers and researchers 
when monitoring systems are set up. Among them how 
to get access to inverter data in a form that enables online 
monitoring and analysis. 

An important goal for this activity is be to make available 
analysis and comparisons in an effort to inform the public 
about real world performance of PV systems in Norway, as 
well as support a data-driven and informed debate about 
the role of PV systems in Norway. Center partners currently 
have access to several PV systems and more will be added 
to the list in coming years. Several of the research and 
industry partners own and/or operate solar energy systems 
that is used as the basis for much of the ongoing and 
planned research in FME SUSOLTECH in this topic.

Snow is an issue with any Norwegian panel installation. 
Understanding performance variation over a PV installation’s 
lifetime in a harsh environment such as the Norwegian 
climate is important for lowering uncertainty for the owner 
of the system as well as developing strategies for reducing 
degradation. Photo: Sean Erik Foss, IFE.
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For	more	information,	contact	Work	Package	
Manager	Sean	Erik	Foss	(sean.foss@ife.no)

Outdoor PV module test facility at the University of Agder, 
Photo: Anne Gerd Imenes, UiA
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FME SUSOLTECH: 
an arena for collaboration 
and learning 

Education and training
Recruitment and education of candidates at M.Sc, PhD 
and postdoctoral levels with relevant competence for the 
solar cell industry and research community is an important 
task of FME SUSOLTECH. The growing, global solar cell 
community need access to competent candidates in order 
to prosper also in the future. The first generation of PhD 
and post.doc candidates is already hired and operational, 
and a substantial number is planned in the coming years. 
Fortunately, solar energy seems to be a field to which talent 
is drawn. In addition to the planned PhD and post.doc 
candidates, a number of M.Sc students also perform their 
thesis work in the centre. 

The list of candidates doing their work in FME SUSOLTECH 
is found in the attachments. 

Dissemination
Renewable energy is a topic that is of very broad interest 
and the subject of much public debate. And solar cell 
technology is emerging as a winning technology globally, 
with an increasing relevance also for power production in 
Norway. 

FME SUSOLTECH aims to play an important role in 
dissemination, in particular 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. Both of these 
topics are at the core of the plans of FME SUSOLTECH 
and its partners. The center has already in its first year been 
visible in scientific journals and at international conferences, 
as well as in popular media. 

With the aim of increasing awareness, supporting domestic 
industry generation, as well as improving the conditions for 
solar cell research, center 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. 

A list of publications from the FME SUSOLTECH in 2017 is 
given in Appendix 3.

The Centre as a meeting place
The research in FME SUSOLTECH is performed in integrated 
Work Packages in which research and industry partner 
personnel actively collaborate in performing the various 
required tasks. In order to further strengthen collaboration 
and integration, the center has established several arenas 
where colleagues meet to discuss relevant topics. Several 
of these have also been open to a broader audience. The 
Annual Meeting, which in 2017 was arranged in Son, was 
one very important arena. Another is the new Solar Industry 
Forum (SIF) meetings, of which two were arranged in 2017 
and attracted a good number of colleagues from both 
industry and research. The topics for the two SIF meetings 
in 2017 were “High performance crystalline silicon ingots & 
wafers” and “PV systems”. A final set of important meeting 
places has been meetings in the different work packages, 
where center colleagues have interacted and planned 
future activities within and in relation to the Centre.
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Centre organization

The research in the Centre is divided into the following 4 
work packages:
 
• WP1: Sustainable silicon production
• WP2: High performance silicon ingots and wafers
• WP3: High efficiency silicon solar cells and modules
• WP4: End use and impact 

The organization of the Centre is shown in the figure below. 
The Centre is directed by a General assembly and an 
Executive Board. The Centre Management Team consists 
of the Centre Manager, the Centre Coordinator and the 
Work Package (WP) managers.

In 2017, FME SUSOLTECH had 6 research partners, 1 
Public Partner and 1 International Partner and 11 Industry 
Partners.

Research Partners Public Partner International Partner Industry Partner

IFE (HOST) Omsorgsbygg Oslo KF PVA Crystals Growing Systems GmbH Norges Bondelag
NMBU Code arkitektur AS
NTNU Dynatec Engineering AS
SINTEF Elkem Solar AS
UiA Solenergi FUSen AS
UiO Glass og Fasadeforeningen

Norsun AS
Norwegian Crystals AS
The Quartz Corp
Statoil Petroleum AS
Steuler Solar Technology AS

General assembly

WP2:
Dr. M. Juel
(SINTEF) 

WP3:
Dr. E. Monakhov

(UiO) 

WP4:
Dr. S E. Foss

(IFE) 

WP1:
Dr. J Safarian

(NTNU) 

Executive board
Chairman: Dr. R Spooren (SINTEF)

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

Centre management team
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Appendix 1

Personnel working in  
the Centre

Key researchers working in the Centre

Name	 	 	 	 Institution	 	 	 Main	research	area                             
Arve Holt   IFE    Member of the Executive Board
Bent Thomassen   IFE    Sustainable silicon production
Dag Lindholm   IFE    Sustainable silicon production
Erik Stensrud Marstein  IFE    Centre Director
Josefine Selj   IFE    High efficiency silicon solar cells and    
        wafers & End use and impact
Junjie Zhu   IFE    High efficiency silicon solar cells and    
        wafers
Hallgeir Klette   IFE    Sustainable silicon production
Halvard Haug   IFE    High efficiency silicon solar cells and    
        wafers
Rune Søndenå   IFE    High performance silicon ingots and    
        wafers
Sean Erik Foss   IFE    Work package manager, End use and    
        impact
Marie Syre Wiig   IFE     High performance silicon ingots and    
        wafers
Marte Orderud Skare  IFE    Sustainable silicon production
Thomas Joel Preston  IFE    Sustainable silicon production by     
        chemical processes                    
Trygve Mongstad   IFE    Sustainable silicon production by     
        chemical processes                    
Ørnulf Nordseth   IFE    Sustainable silicon production
Arne Røyset   SINTEF    BIPV
Birgit Ryningen   SINTEF    Multicrystalline Si
Casper van der Eijk              SINTEF    Silicon production by metallurgical     
        processes
Eivind Johannes Øvrelid  SINTEF /NTNU   Mono and multi Si
Gaute Stokkan   SINTEF    Multicrystalline Si
Inga Gudem Ringdalen  SINTEF    Multicrystalline Si
Ingeborg Kaus   SINTEF    Research manager 
Jesper Friis   SINTEF    Multicrystalline Si
John Atle Bones   SINTEF    Monocrystalline Si
Kai Tang    SINTEF    Si production by metallurgical     
        processes
Mari Juel   SINTEF    Work package manager: High     
        performance silicon ingots and wafers
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Marit Synnøve S. Stange  SINTEF    Kerfless Si
Martin Bellmann   SINTEF    Monocrystalline silicon
Moez Jomaâ   SINTEF    Monocrystalline Si
Mohammed Mhamdi  SINTEF    Mono and multi Si
Ove Paulsen   SINTEF    Monocrystalline Si
Per Erik Vullum   SINTEF    Characterization
Ragnar Fagerberg  SINTEF    Research manager 
Rannveig Kvande  SINTEF    Mono and multi Si
Rudie Spooren   SINTEF    Member of the Executive Board
Stein Rørvik   SINTEF    Characterization
Sylvain Gouttebroze  SINTEF    Multicrystalline silicon
Tor Olav Løveng Sunde  SINTEF    Kerfless Si
Tore Kolås   SINTEF    BIPV
Espen Olsen   NMBU    Silicon materials science 
Ingunn Burud   NMBU    Image analysis
Barbara Matusiak  NTNU    BIPV
Fride Vullum-Bruer  NTNU    Silicon crystallization and defects
Gabriella Tranell   NTNU    Solar silicon production by     
        metallurgical processes
Jafar Safarian   NTNU    Work package manager: Sustainable    
        silicon production
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
Charly Berthod   UiA    Silicon material, compensated silicon,    
        temperature coefficients, cell     
        characterization, solar simulator     
        testing
Tor Oskar Sætre   UiA    Silicon material, crystallization,     
        electron microscopy
Alexander Azarov   UiO    Impurity analysis in solar silicon by     
        SIMS
Andrei Kuznetsov  UiO    Wafer texturing
Bengt Svensson   UiO    Defects in silicon; metal oxides
Edouard Monakhov  UiO    Work package manager: High     
        efficiency silicon solar cells and wafers
Kristin Bergum   UiO    Metal oxides
Ola Nilsen   UiO    Photon conversion
Per-Anders Hansen  UiO    Photon conversion
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Visiting	researchers

Name	 	 	 Nationality	 Period	 	 Sex		 M/F	 Topic

Postdoctoral	researchers	with	financial	support	from	the	Centre	budget

Name	 	 	 Nationality	 Period	 	 Sex		 M/F	 Topic 
Øyvind Sunde Sortland Norwegian 17´07-19´06 M Mono Si
Phillip Weiser  USA  17’08-19’07 M Oxygen complexes in Si
  

Post.docs	working	on	projects	in	the	Centre	with	financial	support	from	other	sources

Name	 	 	 Nationality	 Period	 	 Sex	M/F	 Topic	   
Ioannis Tsanakas  Greek  16´11-18´10 M  End use and impact

PhD	students	with	financial	support	from	the	Centre	budget

Name	 	 	 Nationality	 Period	 Sex		 M/F	 	 Topic   
Thorbjørn Mehl  Norwegian 17´03-18´06 M   Spectral PL in silicon wafers

Mengyi Zhu  China  17´08-20´07 M   Silicon purification by acid    
         leaching and slag refining     
         techniques
Martin Nyborg  Norway  17’08-20’07 M  Oxide-based tandem cells
Hogne Lysne  Norway  17´08-21´07 M  Intermediate band cells
Jan Varva  Czechia  17’10-17’11 M  Photon conversion

PhD	students	working	on	projects	in	the	Centre	with	financial	support	from	other	sources

Name	 	 	 Nationality	 Period	 	 Sex	M/F	 Topic   
Arman Hoseinpur         Iran                 17´08-20´07   M               Purification of solar grade     
         silicon via the gas and vacuum    
         refining processes

Guro Marie Wyller Norwegian 15´08-18´06 F  Understanding the thermal 
         decomposition of silane for 
         solar grade silicon production
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Master	students

Name	 	 	 Sex	M/F	 Topic	 	 	 	 Supervisor
Mathias Strømmen M  Cz crucible         Marisa DiSabatino

Stine Linn Skjerven F      Cz Si Structure loss     Eivind J. Øvrelid

Lisa Kvalbein  F      Study of thermal donors in Espen Olsen
     Czochralski Si wafers by
     Hyperspectral photoluminescence
    
Malin Helander  F  Oxygen related thermal donors Ingunn Burud
     in monocrystalline Si for solar cells
 
Divya Narayanankutty    F      Nuclation mc-Si         Marisa DiSabatino

Matthew Wermers     M       Agglomeration of solar silicon   Jafar Safarian
     fines   

Kjetil Karlsen  M  Oxide-based tandem  E. Monakhov, K. Bergum
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Publication list – report 2017

The activities in the Centre have resulted in the following  
publications in refereed journals in 2017:

1. Minority carrier lifetimes in Cz-Si wafers with intentional V-I transitions, R. Søndenå, B. Ryningen, M. Juel, Energy Procedia, p 
786-793, 124/-/2017, 1876-6102, Elsevier, Jinyue Yan, https://doi.org/10.1016/j.egypro.2017.09.348,

2. Investigation of nanoscale quasi pyramid texture for HIT solar cells using n-type high perfomance multicrystalline silicon, S. 
Zhang, F. Meng, R. Søndenå, Z. Liu, G. Tranell, Energy Procedia, p 321-330, 124/-/2017, 1876-6102,Elsevier, Jinyue Yan, 
https://doi.org/10.1016/j.egypro.2017.09.306 

3. Temperature dependent photoluminescence imaging calibrated by photoconductance measurements, H. Haug, R. Søndenå, 
M.S. Wiig, E.S. Marstein, Energy Procedia, p47-52, 124/-/2017, 1876-6102, Elsevier, Jinyue Yan, https://doi.
org/10.1016/j.egypro.2017.09.338 

4. Characterization of the loss of the dislocation-free growth during Czochralski silicon pulling, A. Lanterne, G. Gaspar, Y. Hu, 
E. Øvrelid, M.DiSabationo, Journal of Crystal Growth, p120-128, 458/-/2017, 0022-0248, Elsevier, T.F. Kuech, https://doi.
org/10.1016/j.jcrysgro.2016.10.077,

5. Oxygen-related defects in n-type Czochralski silicon wafers studied by hyperspectral photoluminescence imaging, T. Mehl, I. 
Burud, E. Letty and E. Olsen, Energy Procedia, p 107-112, 124/-2017,1876-6102, Elsevier, Jinyue Yan,  doi: 10.1016/j.egy-
pro.2017.09.326. 

6. Defect related radiative recombination in mono-like crystalline silicon wafers, E. Olsen, S. Bergan, T. Mehl, I. Burud, K.E. Ekstrøm, 
M. DiSabatino, Physica Status Solidi (a), p1700124,214/8/2017, 1862-6319, WILEY-VCH Verlag GmbH & Co, doi: 10.1002/
pssa.201700124

7. Normal and reverse defect annealing in ion implanted II-VI oxide semiconductors, A. Azarov, A. Galeckas, E. Wendler, J. El-
lingsen, E. Monakhov, and B.G. Svensson, Journal of Applied Physics, 115701, 122/2017, 0021-8979, AIP

8. Influence of temperature and residence time on thermal decomposition of monosilane, Guro M. WyllerThomas, J. PrestonTrygve, 
T. Mongstad, Dag Lindholm, HallgeirKlette, Ørnulf Nordseth, Werner O. Filtvedt, Erik S.Marstein, Energy Procedia, Volume 124, 
September 2017, Pages 814-822.

The activities have resulted in the following presentations at 
scientific conferences:

1. Study of oxygen in Czochralski silicon by hyperspectral photoluminescence, E. Olsen*. L. Kvalbein, M. Helander, T. Mehl, E. Letty, 
W. Favre, J. Veirman, I. Burud, 35. EUPVSEC, Amsterdam, Netherlands, 25-29. sep. 2017.

2. Recycling of fine silicon particles for solar grade silicon production, Matthew Wermers, Jafar Safarian, Adrian Murgau, Internation-
al Seminar in Metallurgical Processes, ISMP 2017, p 5, 2017, 

3. Defect interaction in ZnO investigated by sequential implantation of ions and subsequent annealing, A. Azarov, E. Wendler, A. 
Hallén, E. Monakhov, and B. G. Svensson, The 19th International Conference on Radiation Effects in Insulators (REI-19), Ver-
sailles, France, July 02-07, 2017

4. Ion beam modification of wide bandgap semiconductors, A.Yu. Azarov and B.G. Svensson The XXIII International Conference on 
Ion-Surface Interactions (ISI-2017), Moscow, Russia, August 21-25, 2017, 

5. Effect of pre-existing extended defects on radiation defect dynamics in ZnO implanted with nitrogen at room and cryogenic tem-
peratures, A. Azarov, E. Wendler, E. Monakhov and B. G. Svensson, 2017 E-MRS Fall Meeting, Warsaw, Poland, September 
18-21, 2017

Appendix 2
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6. FME Research Center for Sustainable Solar Cell Technology, Erik S. Marstein- Foredrag på Norwegian Solar Cell Conference 9 + 
10/5 2017

7. PV in the Nordic Countries – Erik S. Marstein, invitert keynote foredrag, Progress in PV research in Denmark conference 2017, 
DTU Risø

8. The modern crystalline silicon solar cell, Erik S. Marstein - Invitert foredrag på Fysikermøtet, Tromsø 8/8

9. The Norwegian PV landscape, Erik S. Marstein - invitert foredrag på INTPART workshop ved UiO 11/8

10. Solar cell R&D strategy, Erik S. Marstein – invitert foredrag på Solklyngens strategisamling, Refsnes gods 11/9

11. Norwegian opportunities in the solar cell industry, Erik S. Marstein – invitert foredrag hos Tekna 21/9

12. Operation & Maintenance (O&M) of utility-scale solar power plants , Erik S. Marstein – invitert foredrag hos Scatec Solar under 
Solar Innovation Challenge, Skøyen, 29/9
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Appendix 3

Statement of Accounts

(All figures in 1000 NOK)

Funding source Amount Amount
The Research Council 6142
The Host Institution, IFE 7112
Research Partners* 4314
Industry partners* 3669
Public partners* 199

Total Founding 21436

Cost element Amount
The Host Institution, IFE 8108
Research Partners 8830
Industry partners 4257
Public partners 199
Equipment 42

Total Costs 21436

*Give names for each group of partners

Funding

Costs
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Contact	information	-	Centre	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

Centre partners




