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0.0 INTRODUCTION 

The present document Ȱ&ÅÁÓÉÂÉÌÔÙ 3ÔÕÄÙ ɀ 4ÈÉÎÆÉÌÍ 0ÈÏÔÏÖÏÌÔÁÉÃȱ is 
ÐÒÅÐÁÒÅÄ ÉÎ ÃÏÎÎÅÃÔÉÏÎ ×ÉÔÈ ÔÈÅ ÐÒÏÊÅÃÔ Ȱ!ÐÐÌÉÃÁÔÉÏÎ ÏÆ ÔÈÉÎ-film technology in 
$ÅÎÍÁÒËȱȟ ÓÈÏÒÔÌÙ ÎÁÍÅÄ ThiFiTech , carried out with Danish Technology 
Institute as project manager and by means of support from the ForskEl 
programme.  

The purpose of ThiFiTech is to uncover technical and architectonical aspects 
regarding thin-film photovoltaic (TFPV) with special emphasis on utilisation 
under Danish and Northern European conditions. 

This study has been prepared as a general introduction to the subject with the 
purpose of collection and transmitting international experiences and 
development tendencies with respect to the prevailing technologies among 
TFPV. Thus, the document serves as a source for information and inspiration 
to the project partners of ThiFiTech as well as external actors sharing an 
interest in this subject.   

It has been presumed, that the readers of the document hold a basic 
knowledge regarding photovoltaic and energy technique, however some of the 
information included have an introducing nature which may appear trivial to 
persons whom hold expert knowledge. 

The feasibility study has been prepared by Kenn Frederiksen, EnergiMidt, and 
Carl Stephansen, En²tech. 
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1.0 SUMMARY AND CONCLUSION  

In this part, the overall conclusions and results of the feasibility study is 
presented. The chapter is divided in two parts, one being general technical 
aspects and one being possible fields of application and usefulness under 
Danish conditions. 

1.1 TECHNICAL ASPECTS 

At the global market, 3 types of TFPV technologies are commercially available: 

1. Thin film based on amorphous silicon, named a-Si, and a newly 
variation of this named micromorphous or a-Si/µc-Si. 

2. Thin film based on a mixture of all or some of the elements copper, 
indium, gallium and selenium. 

3. Thin film based on cadmium and telluride (CdTe). 

In the table below the basic characteristic of each of these types is show and 
compared to traditional crystalline based PV modules followed by a brief 
description. 

Table 1.1: Module and cell efficiencies for thin film and crystalline base PV modules 

Technology Thin film photovoltaic Crystalline based 

 Amorphous 
silicon  
a-Si 

a-Si/µc-Si CIS - 
CIGS 

Cadmium 
telluride 
CdTe 

Mono 
crystalline 

Multi 
crystalline 

Cell efficiency, % 5 - 7 8 7 -11 8 - 11 16 - 19 14 ɀ 15 

Module efficiency, % 13 - 15 12 ɀ 14 

Area needed pr. kWp, m² 15 12 10 11 App. 7 App. 8 

 

1.1.1 AMORPHOUS AND MICROMORPHOUS THIN FILM (A-SI 
AND A-SI /µ C-SI) 

Amorphous silicon (a-Si) was until 2007 the most used kind of TFPV. The type 
accounted for 5.2 % (223 MWp) and 5.1 % (403 MWp) of new PV installations 
in 2007 and 2008 respectively.  

One of the benefits of this PV technology is the fact that the material 
consumption in the production process is low and only account for 
approximately 1% of the silicon needed for typical crystalline silicon cells. 

a-Si can be considered as the veteran among TFPV technologies and the fact 
that the efficiency is rather low compared to crystalline PV modules is 
counterbalanced by the lower production price that effect the cost level at the 
end costumer.  

With the purpose of owercome the lack of efficiency present by the traditional 
a-Si modules, new variations with  one or more layer of micro crystalline 
silicon (µc-Si) added have been developed.  

http://en.wikipedia.org/wiki/Crystalline_silicon
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This technology have been giving several names, for instance micromorphous 
-, hybrid -, multi junction - or a-Si/µc-Si modules, and the construction cause 
the efficiency of the module to increase to approximately 8 % compared to the 
typical values of 5 ɀ 7 % of a-Si single junction modules. 

The advantage of a-Si/µc-Si modules relies on the improvement of the spectral 
response of the PV module because the two (or more) layer of cells absorb 
different wavelength ranges of solar spectrum, i.e., the top cell absorbs shorter 
wavelength radiations and the bottom cell absorbs longer ones. 

A further benefit for a-Si as well as for a-Si/µc-Si is the fact, that several 
production equipment manufactures offer well-developed turnkey 
productions lines, which makes it easier for a company to start up a 
production facility than the case is for CdTe and CIS/CIGS.  

1.1.2 COPPER, INDIUM, GALLIUM AND SELENIUM (CIS/CIGS) 

This thin film type gain distinction by having the best efficiency among the 
types described, typically in the interval between 7 and 11 %. Two different 
main categories of the types are marketed, with and without gallium, denoted 
CIGS respectively CIS.  

Some manufactures seeks to developed flexible modules capable of being 
bended and shaped, providing the possibility to be applied on curved surfaces. 
In these cases the CIS/CIGS technology has usually been the preferred 
technology. 

A rather high number of companies are engaged in the field of CIS/CIGS, 
however, it must be noted, that a significant part of these firms are still 
operating on the prototype stage and thus do not market modules on 
commercial terms. 

CIS/CIGS modules benefits from the fact that the efficiency is high compared 
to a-Si and a-Si/µc-Si modules and no environmental concerns is present as 
the case is ɀ substantial or not ɀ with CdTe modules due to there contents of 
Cadmium. 

Prospective manufactures of CIS/CIGS modules furthermore benefits from the 
presence of a number of equipment suppliers, making it possible to buy turn-
key production lines. 

However, according to a survey published in the acknowledges magazine 
Photon International (PI) issue 1, 2009, commencement of a  CIS/CIGS 
production line is usually a lengthily procedure, in which the production must 
be expanded gradually. 

As a consequents, the CIS/CIGS parts of TFPV account for the smallest marked 
share corresponding to 1 % in 2008, which actually is a doubling compared 
with the previous year. In absolute numbers, these percentages match up a 
cell production of approx. 79 MWp in 2008 and 21 MWp in 2007.  

1.1.3 CADMIUM TELLURIDE (CDTE) 

At the moment  Cadmium Telluride is the PV type that set the standard with 
respect to cost leadership, giving that productions cost is approaching the 
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psychological barrier  of 1 $/Wp. Besides an attractive price, CdTe distinguish 
itself by having efficiency rates almost in level with CIS/CIGS and significantly 
higher than a-Si and a-Si/µc-Si. 

Although only few companies are engages in production of CdTe modules 
compared to a-Si and CIS/CIGS, this thin film type has manages to obtain the 
highest market share among TFPV according to a study published in PI issue 3, 
2009 page 170.  

According to this, 6.4 % of the total of 7.9 GWp of PV cells manufactured in 
2008 was based on CdTe, whereas the corresponding figures with respect to 
2008 was 4.7 % and 201 MWp. 

The reason for the success in market penetration for CdTe can to a large 
degree be assigned to the technology leading company First Solar, which has 
manage to obtain a highly industrialised process and thereby reduce cost 
through high volume. 

Among experts it is expected, that CdTe for a period of time will continue to 
gain marked shares on expense of other TFPV as well as traditional crystalline 
PV technologies. 

One point of concern with respect to CdTe modules is the fact, that they 
contain an amount of the heavy metal Cadmium, which potentially could have 
damaging environmental effects.  

In an attempt to counter the seriousness of these element of risks, a 
collaboration of CdTe module manufactures has launched a non-compulsory 
recycling scheme, which guarantee that an environmentally correct disposal of 
superannuated modules take place, while at the same time parts, that can be 
reused, will actually be recycled. 

Furthermore, the manufactures argues that the contents of cadmium in a 
module is extremely small and that test has shown, that in case where a 
module is exposed to fire, an encapsulation of the cadmium will take place 
which prevent contamination of the environment. 

1.2 AVAILABILITY AND UTILISATION IN DENMARK 

In 2008, almost 1 GWp of TFPV were produced, accounting for 12.5 % of the 
total PV cell production. This is a doubling compared to the previous year, 
were the production were approx. 440 MWp and the share of the total PV cell 
production were 10.4 %. 

This tendency is only to a lesser extend recognizable in Denmark, as the 
national utilization of TFPV until 2007 has been limited to a small number of 
plants using a-Si modules. More recently, however, a small number of 
CIS/CIGS installations have been - or are planned being - implemented, 
whereas  no PV installations utilizing CdTe modules have yet been set up to 
the knowledge of the authors of this study. 

The reason for the lack of CdTe installations is due to the fact that the 
manufactures of these until now have been selling there products directly to 
project developer of large PV parks in batch sizes of several MWp.  
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Based on the hitherto development and available products on the marked, the 
following points can be concluded with respect to possible utilisation of TFPV 
in a Danish context: 

 TFPV can be considered as very suitable in the following situations: 

o When large, shading free roof areas are available, for instance 
on stables, industrial buildings, sport centres, roofs without 
dormer or chimney on residential houses etc.  

o For free standing PV plans erected on marginal areas. 

o As element in the facades of commercial or residential 
buildings, where it is possible to exploit the special 
architectural features that TFPV afford. In this case, it can be 
utilized, that the different TFPV types have various designs and 
at the same time have a more homogeneous and discreet visual 
appearance than the case is for crystalline modules. 

o For the latter purpose, however, it has to be taking into 
consideration that virtually all TFPV manufactures follows a 
strategy of cost reduction through large scale, industrial 
production. Giving this, a high degree of standardization takes 
place and thus it is usually not possible to have modules that 
differ from the standard sizes.  

 TFPV is less suitable if the available area for a PV system is limited and 
at the same time a high yield is required. 

 Recent studies indicate that TFPV should be highly interesting under 
the irradiation conditions prevailing in Denmark giving there ability to 
operate with high efficiency under low irradiation. A measuring 
programme carried out by Danish Technological Institute can 
contribute to verify whether this aspect actually have a significance 
importance or not. 

As an overall conclusion it can be summarized that TFPV when the above 
mentioned conditions are met can be considered as beneficially due to ɀ 1) 
lower specific price compared to traditional crystalline PV modules and ɀ 2) 
the possibilities caused by the uniform visual appearance of TFPV modules, 
which can be utilized as a means to accentuate a certain architectural 
expression. 

For the latter, however, attention must be addressed towards the fact, that 
module size to a large extent is fixed by the manufacture as part of there 
prevailing strategy to minimize costs by means of standardization and large 
product volume.  

Thus it is important to implement utilization of PV early in the planning and 
architectural process in order to optimize the relationship between costs and 
production yield by using the right types of PV modules and by securing, that 
these modules can be integrated in the building as easy and economically as 
possible.  

Furthermore it  can be mentioned that - as a result of international research 
and development activities - it is likely that the value and magnitude of the 
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mentioned benefits will increase in the years to come, due to the fact that 
costs are steadily decreasing whereas the number of varieties with respect to 
visual appearance of module almost certainly will increase as more and more 
companies enter the market. 
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2.0 GENERAL INTRODUCTION TO THIN FILM 
PHOTOVOLTAIC 

In this chapter, a general introduction to thin film photovoltaic (TFPV) is 
presented including the overall characteristics and distinctive differences 
between TFPV and other types of photovoltaic (PV) techniques, in particularly 
crystalline base PV, the most commonly used and until now developed type. 

A more throughout description of the prevailing kinds of TFPV is giving in 
chapter 3. 

2.1 THE PHOTOVOLTAIC PROCESS 

The smallest unit in a PV-system is the cell or solar cell, in which electricity is 
generated through the photovoltaic process (thus the name photovoltaic/PV).  

The fundamental principle of the photovoltaic process was discovered in 1839 
by the French physicist Edmund Becquerel.  

The main part of the hitherto commonly used solar cell is based on silicon in 
crystalline form which is cut into thin slices of approximately 0.2-0.3 
millimetres . This kind of solar cell consists of two kinds of silicon: 

 N-type silicon with added phosphorus to create a surplus of free 
electrons surrounding the silicon atom 

 P-type silicon with added boron to create a deficit of electrons, the so-
ÃÁÌÌÅÄ ȰÈÏÌÅÓȱ 

When sunlight strikes the solar cell the free electrons from the N-type silicon 
will attempt to move into the holes in the P-type silicon layer. However, the 
electrons will be caught by the metallic contact grid located on the front of the 
solar cell, giving this cause for lesser electrical resistance compared to the 
silicon layer. 

 The metallic contact grid is connected with the back of the solar cell so the 
migration of the electrons can continue and create a voltage without any 
mechanical influence.  

The process does not rely on 
direct irradiation and a part of 
the power produced attribute 
to diffuse irradiation, which 
are the reason that a PV system 
also generates energy on 
cloudy days. Figure 2.1 gives a 
simplified description of the 
process taking place in a solar 
cell. 

Figure 2.1: Simplified illustration of the photovoltaic process  
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In order to generate a usable amount of power, a number of solar cells are 
connected electrically and packaged in a PV module or PV panel.  

A grid connected PV installation typically includes an array of PV modules, an 
inverter  to convert the direct current (DC) from the PV system to alternating 
current (AC) and interconnection wiring. 

2.2 CHARACTERISTIC FOR THIN FILM PHOTOVOLTAIC 

The basic principles of thin film photovoltaic is very much alike the case 
described above, however, the structure of the cell differ significantly for a 
thin film cell compared to a traditional crystalline based cell. 

Also the production procedures differ significantly. Thin film modules are 
constructed by depositing extremely thin layers of photosensitive materials 
onto a low-cost backing such as glass, stainless steel or plastic. 

This result in lower production costs compared to the more material-intensive 
crystalline technology, a price advantage which is currently counterbalanced 
by substantially lower efficiency rates. 

During the production process, the module is divided into squares forming 
cells by means of a laser forming almost invisible lines in the active layers. 

A module consists of different layers, each serving a specific function.  The 
figure below shows the basic structure including the layers typically present. 

 

Figure 2.2: Basic structure of a thin film module, illustrated by a CIGS module  

Starting from the bottom and up, the basic function of each layer is explained 
afterwards. 

Substrate.  The substrate provides the module with the fundamental 
structural strength and durability. A wide variety of substrate materials can be 
used, making it possible to manufacture very lightweight, flexible solar cells 
on metals, glass and plastics. 

http://en.wikipedia.org/wiki/Inverter_%28electrical%29
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Metallic back contact . The back contact make up for one of the poles of the 
module.   

Absorber layer (s) . Inside in the structure is one or several active layers in 
which the photovoltaic process takes place. The basic materials differ from 
technology to technology and from manufacture to manufacture. 

Each manufacture attempt to optimize the composition of materials in order 
to increase the efficiency of the products offered and thereby to gain a 
competitive edge. 

As a consequence, each manufacture address mush attention towards 
protection of the distinctive technologic feature developed at his/her 
production plant. 

Window layer . Inside the module one or several layers is inserted with the 
ÐÕÒÐÏÓÅ ÏÆ ȰÔÒÁÐÐÉÎÇȱ ÔÈÅ ÌÉÇÈÔ ÁÎÄ ÔÈÅÒÅÂÙ ÍÁËÅ ÔÈÅ ÍÏÄÕÌÅ ÍÏÒÅ ÅÆÆÉÃÉÅÎÔȢ 
The chemical composition of these layers differs from manufacture to 
manufacture and, as the case is for the absorber layer, is wrapped in much 
secrecy from the manufacturing side since this is one of the elements that play 
a crucial role in raising the efficiency of the cell. 

Transparent conductive oxide layer.  This layer, usually shortened to TCO, 
has the same function as the metal grid present on the front side of a 
traditional crystalline PV module, i.e. as front contact material.  

Besides the layers shown on the figure, a transparent layer of glass or foil 
forms the front of the module. 

Three types of thin film modules are commercially available at the moment. 
These are manufactured from amorphous silicon (a-Si), copper indium 
(gallium) diselenide (CIS, CIGS) and cadmium telluride (CdTe). 

All of these have active layers in the thickness range of less than a few microns 
(one micron equals 1 x 10-6 meter). This allows higher automation once a 
certain production volume is reached, whilst a more integrated approach is 
possible in module construction. The process is less labour intensive 
compared to the assembly of crystalline modules, where individual cells have 
to be interconnected. 

Among the three commercially available thin film technologies, a-Si is the 
most important in terms of production and installation, with 5.2% of the total 
market in 2007. 

A variation of amorphous silicon is the microcrystalline technologies, in 
particular the combination of amorphous silicon and microcrystalline silicon 
(a-Si/m-Si), also named micromorphous, have shown very promising and 
encouraging results in recently. 

The temporary shortage of silicon that occurred in 2005 has also offered the 
opportunity for increasing the market share of thin film technologies. The 
economic stagnation that has occurred in the last half of 2008, however, has 
caused a general reduction in the PV sector, which has also affected the thin 
film manufactures. 
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As a special aspect it can be mentioned, that several new companies are 
working on the development of thin film production based on a roll-to-roll 
approach.  

This means that a flexible substrate, for example stainless steel, is coated with 
layers in a continuous process. The successful implementation of such a 
production method will offer opportunities for significantly higher throughput 
in the factory and lower costs.  

The slide shown on figure 2.3 ×ÁÓ ÐÒÅÓÅÎÔÅÄ ÁÔ Á ×ÏÒËÓÈÏÐ ÎÁÍÅÄ Ȱ4ÈÉÎ ÆÉÌÍ 
ÉÎ ÔÈÅ ÐÈÏÔÏÖÏÌÔÁÉÃ ÉÎÄÕÓÔÒÙȱ ÈÅÌÄ ÁÔ ÔÈÅ *ÏÉÎÔ 2ÅÓÅÁÒÃÈ #ÅÎÔÒÅ ɉ*2#Ɋ ÁÔ )spra, 
Italy in November 2007. 

In the figure, the expectations of JRC regarding the future production capacity 
for crystalline as well as thin film based PV, is shown. According to this, TFPV 
will obtain a market share of approximately 20 % in 2010. 

 

Figure 2.3: Expected development in PV capacity 

Among the conclusion from this workshop, in which several experts and 
manufactures attended, were the following interesting aspects: 

 The growth rate of TFPV is higher than the already high growth rate in 
PV in general. 

 If production volume is ramped up according to plans, TFPV module 
cost has the potential to ÒÅÁÃÈ ÔÈÅ ρ ΌȾ7Ð ÃÏÓÔ ÔÁÒÇÅÔ ÁÔ ÔÈÅ ÅÎÄ ÏÆ ÔÈÉÓ 
decade 

Not all conclusions, however, were as positive as the above mentioned, since: 

 There is high uncertainty about the time schedule of about 50 % of the 
announced capacity increases 

 The market will still be depending on public support for the next 
decade 
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2.2.1 MODULE SIZE 

On aspect, that has caused discussion among manufactures, system 
integrators etc is the importance of the module size.   

In the case of silicon based tandem TFPV cells also mentioned micromorph 
cells - (a-Si/µc-Si), two suppliers dominate the market for production 
equipment; Swiss based Oerlikon and the American company Applied 
Materials. 

These equipment providers use different production techniques which 
provide different characteristic with respect to the final modules, for instance 
the possible physical size possible. 

While the modules produced from Oerlikon equipment has an area of  1,43 m² 
and are named generation 5 or shortly 5G, products from Applied Material 
equipment can have a size up to 4 time this size that was previously prevailing 
on the market . These new, large size modules are named generation 8.5 or 8.5 
G and have an area of approx. 5.7 m². 

In figure 2.4 the proportions and characteristic values between these different 
modules sizes is presented on the basic of the viewpoint of Applied Material. 

The large scale modules are expected to be especially usable in building 
integrated solutions, where modules with large areas are appreciated in for 
instance façade systems. 

In general, a conflict exist between lowering cost in the production line versus 
higher transportation and handling cost when moving from small to large 
modules. 

  

Figure 2.4: Utilization of different module size from the viewpoint of US equipment 
provider Applied Material  
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2.3 DISTINCTIVE DIFFERENCES BETWEEN TFPV AND 
CRYSTALLINE PV MODULES 

When considering the differences between TFPV and traditional crystalline PV 
technologies ɀ as well as the differences among modules belonging to the 
same main category - it is useful to compare some key factors for the 
technologies in question. 

In table 2.1, typical values for cell and module efficiency for the most 
prevailing types of TFPV and crystalline based modules is shown. Besides the 
efficiency, also the module area needed in order to establish a PV plant of 1 
kWp is presented.  

The area needed is, of cause, directly associated to the efficiency, but has been 
included anyway since it visualizes the significance of the efficiency in a 
practical manner.  

Table 2.1: Module and cell efficiencies for thin film and crystalline base PV modules 

Technology Thin film photovoltaic Crystalline based 

 Amorphous 
silicon  
a-Si 

Cadmium 
telluride 
CdTe 

CIS - 
CIGS 

a-Si/µc-Si Mono 
crystalline 

Multi 
crystalline 

Cell efficiency, % 5 - 7 8 - 11 7 -11 8 16 - 19 14 ɀ 15 

Module efficiency, % 13 - 15 12 ɀ 14 

Area needed pr. kWp, m² 15 11 10 12 App. 7 App. 8 

 
One fundamental difference between TFPV and crystalline PV modules is the 
fact that the latter consists of a number of individual cells, which is connected 
in series to form a module. 

By contrast, TFPV modules ɀ figuratively speaking ɀ are produced as one large 
area which afterwards are divided in cells by means of laser scrabbling. This is 
the reason that cell and module efficiency are coincident in the table with 
respect to the thin film part. 

In the case of crystalline PV, the module efficiency is considerably lower 
compared to the cell efficiency, which is due to the fact that losses occur in the 
electrical system connecting the individual cell to form a module. 

Although some additional losses appears in crystalline based modules, the 
module efficiency of these types of PV modules are still significantly higher 
than the case is for any TFPV modules, which are clearly reflected in the figure 
for area needed to establish a 1 kWp plant. 

As can be calculated from the figures presented, it require an area 1,4 to 2,1 
time larger to substitute mono crystalline PV modules with TFPV modules. 

2.3.1 TFPV FROM A MANUFACTURE POINT OF VIEW  

From a manufactures point of view, a very important element differentiates 
TFPV from crystalline PV. This concerns the production value chain, which 
contains notably fewer steps in the case of TFPV. 
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From a prospective investor or manufactures points of view, the consequence 
of this differ in value chain is, that establishment of BIPV production is much 
more extensive with respect to investment needed. 

A business entry to the crystalline PV industry can be done in a limited and 
separate segment of the industry, for instance module production, where the 
solar cells can be purchased from an existing cell manufacture. 

In contrast, this limited entry to a specific segment is not possible in the case 
of BIPV, where a division in wafer, cell, module etc. does not exist since the 
production of a module takes place in an integrated process.  

Consequently, as investor or manufacture in the BIPV business, you either go 
for all or nothing. 

2.4 EXPECTATIONS REGARDING SCOPES OF 
APPLICATION FOR TFPV 

Giving the specific benefit of TFPV, it is expected in international studies etc., 
that the future application possibilities will be realized in two cost segments: 

1. Low cost and low quality/efficiency modules. These can be utilized for 
instance in large scale plant on unexploited land 

2. Medium cost and high quality/efficiency modules. An example of 
applicability in this segment is small scale plant focusing on 
architectural aspects 

Re. 1. BIPV benefits from the fact, that the specific cost is lower compared to 
crystalline modules. Giving situations with low price on suitable areas for 
establishment of a PV plant, TFPV is suitable for utilization in large scale 
plants. 

Since the specific price of PV modules ɀ thin film as well as crystalline - is 
expected to decrease further in the future, it is expected that this tendency will 
continue.  

The situation, however, can change radically according to the development in 
the market. For instance adjustment in incentive schemes in Spain can bring 
about excess production capacity to occur, causing the prices on crystalline 
modules to decrease. 

Re. 2. Utilization of customized TFPV can facilitate specialized architectural 
aspects including building integrated PV (BIPV) which can not be covered 
using traditional PV modules. This field of application can turn out to be very 
important, since BIPV is expected to play a major role in the future utilization 
of PV. 
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The picture above show an example of PV cells as an integrated part of the 
ÒÏÏÆÉÎÇ ÅÌÅÍÅÎÔÓȢ 4ÈÉÓ ÐÉÃÔÕÒÅ ÉÓ ÔÁËÉÎÇ ÆÒÏÍ ÔÈÅ ÐÒÏÄÕÃÅÒȭÓ ×ÅÂÓÉÔÅ 
www.flexcell.com where further information and contact details can be found  

At the moment, the main part of solutions in this field exists only as prototype 
models or at a premature industrial scale. Therefore the full market potential 
is still not fully exploited since the costs are still relatively high. 

When the prices decrease due to production development, rising production 
capacity etc., further employment of these products can be expected. However, 
in a situation when a special requirement is fulfilled, for instance utilization of 
PV in order to meet the demands in building regulations, it will probably be 
possible to charge a premium price. 

2.5 DEGRADATION  

In the context of PV, degradation is the term used to characterize the fact that 
the production capacity of a certain PV cell decrease over time. This 
phenomenon is well known and analyzed for crystalline PV, and the reason 
why every serious module manufactures provide the costumer with a yield 
guaranty. 

Usually the terms in this state, that the production yield will be at least 90 % 
and 80 % after 10 and 20 years respectively. 

Since utilization of TFPV is relatively new, the long term characteristics with 
respect to degradation is not as well-documented as the case is for crystalline 
PV. However, also TFPV manufactures now provides their customers with the 
same warranty terms as mentioned above. 

In the case of TFPV, 3 different mechanisms add up the degradation: 

1. Initial degradation 

2. Seasonal variation 

3. Long-term degradation 

As the name indicates, initial degradation occurs when the module is first 
exposed to light and the module output decrease ÔÏ ÉÔÓ ȰÓÔÁÂÉÌÉÚÅÄȱ ÖÁÌÕÅȢ 4ÈÉÓ 
initial degradation is seen mainly in the first year and most of the decline is 
actually seen in the first months.  

Figure 2.5: Roof element with thin film integrated  

http://www.flexcell.com/
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This initial degradation is known as the Ȱ3ÔÁÅÂÌÅÒ-7ÒÏÎÓËÉ ÅÆÆÅÃÔȱȟ ÄÅÎÏÔÅÄ 
after the two scientists whom first detect the presence of this effect. 

Initial degradation occur in all silicon based TFPV modules, however the size 
varies between the different technologies, and unfortunately it is not possible 
to give precise lines of directions with respect to the prevalence and size.  

The aspect is further complicated by the fact that a procedure with respect to 
testing and denoting the effect of this initial degradation has not yet been 
implemented, and it is therefore important as a buyer to be very attentive 
towards this fact.  

Usually module manufactures provides information concerning initial ɀ as 
well as stabilised power values. As an example showing the significance of 
initial degradation, the producer Kaneka states in the data sheet for there 
HB105 a-Si/µc-Si module, that the initial value for the nominal peak power is 
136,5 W, whereas the stabilised value is 105 W.  

Some module producers deliver products that during the manufacturing 
procedure are exposed to this light induced degradation and therefore have a 
steady output right from the start, while the efficiency of the main part of the 
products will decrease significantly when commencement of operation takes 
place. 

Besides the initial degradation, a seasonal cyclic variation of about 5% to 8% 
is experienced with the Pmax oscillation around the stabilized Pmax value. 
This is mainly explained by the fact that changed ambient weather conditions 
cause alteration in the electrical properties of the PV cells. 

Finally a gradual long-term degradation occurs. For a-Si, studies have proven 
the value to be 1 to 2 % annually, however, in some studies this long-term 
degradation has been found to be as high as 1 to 5% annually1. 

When setting up a TFPV plant attention has to be addressed to degradation for 
economical reasons (the yield and thereby the incomes gradually decrease) as 
well as for technical reasons. For the latter, please refer to part 2.6. 

2.6 TFPV AND INVERTERS 

Special consideration has to be taking into account when inverters for a PV 
plant equipped with TFPV modules has to be selected as well as installed. 

In general, modern inverters operate with high efficiency within a wide range 
of DC input, which are an important factor with respect to maximize the 
annual yield from any giving PV system despite the module types. 

                                                             

1 S.J.Ransome et al. ȰË7ÈȾË7Ð ÄÅÐÅÎÄÅÎÃÙ ÏÎ 06 ÔÅÃÈÎÏÌÏÇÙȱȟ ςωÔÈ )%%% 063# .Å× 
Orleans, 2002 and Kyung-Soo Kim, Gi-Hwan Kang and Gwon-Jong Yu Ȱ0ÅÒÆÏÒÍÁÎÃÅ 
ÄÅÇÒÁÄÁÔÉÏÎ ÏÆ ÔÈÉÎ ÆÉÌÍ ÐÈÏÔÏÖÏÌÔÁÉÃ ÍÏÄÕÌÅ ÕÎÄÅÒ τ ÙÅÁÒÓ ÏÐÅÒÁÔÉÏÎȱ ςσÔÈ %03%#ȟ 
Valencia 2008.  
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However, when a PV system contains thin film modules some further aspects 
must be considered. One is, that the voltage output from a thin film PV area is 
usually higher than the case is for a crystalline PV area, which is very 
important to take into account when choosing inverter ɀ or inverters ɀ to the 
system. 

Besides this, a risk of corrosion in the modules TCO layer has been observed in 
the case of earth leakage in situations where the solar system and the load 
circuit is not galvanically isolated via a transformer in the inverter. 

As a consequence, several TFPV module manufactures recommend ɀ in some 
case require ɀ that the negative pole of the solar module system is earthed. 
Other module manufactures, for instance German company ersol Thin Film 
GmbH, state in the data sheets for their a-Si Nova-T series thin film modules, 
that utilization of transformerless inverters are not permitted. 

As an example of the opposite situation, Swiss inverter manufacture Sputnik 
Engineering AG recently announced in a press release, that US based a-Si 
manufacture Unisolar officially have approved utilization of transformerless 
inverters in the SolarMax series market by Sputnik Engineering. 

The reason why the question of whether transformerless inverters are 
suitable for utilization in TFPV systems is relevant is due to the fact that these 
types of inverters usually are lighter and operates with higher efficiency 
compared to inverters that includes transformers. 

The final aspect of importance relates to the fact that TFPV modules as 
mentioned in part 2.5 tend to degrade over the first few months, whereby 
output and voltage in the initial phase is higher than the stable nominal values. 
The system must be designed in such a way as to ensure that the increased 
initial voltage does not damage the inverter. 

In some cases, however, the module manufacture has exposed there product 
to a process that simulates the first months of operation and thereby the 
modules have reached their stable output value at the time of deliverance to 
the costumers. 

As mentioned in the previous chapter, it is important both for technical as well 
as economical reasons to know, whether the initial degradation has occurred 
or not, giving the fact that the inverter has to adapted to the situation that 
provides the highest possible voltage that might occur. 
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3.0 DESCRIPTION OF DIFFERENT TFPV 
TECHNOLOGIES 

This chapter concentrates on the prevailing kinds of TFPV technologies. The 
assessment will include the following technologies/materials: 

 Amorphous silicon (a-Si), single/multi junction. 

 Micromorphous (a-Si/µc-Si). 

 Copper indium gallium selenide (CIGS). 

 Cadmium telluride (CdTe). 

 A brief introduction to 3rd generation technologies. 
 
For each of these technologies, the following aspects will be addressed: 

 Distinctive characteristics and actual stage regarding technical 
development, price, prevalence etc. compared to other TFPV 
technologies. 

 Fields of application, in which technology specific characteristic can be 
utilized. 

In appendix 1 the most significant manufacturers for each of the technologies 
discussed as well as equipment suppliers for manufactures is listed. 

3.1 AMORPHOUS SILICON - A-SI 

Amorphous silicon (a-Si) has until 
now been the most used kind of 
TFPV and accounted for 
approximately 5 % of new PV 
installations in 2007. 

One of the main advantages of 
amorphous silicon compared to 
crystalline silicon relies in its 
production technique, as thin films  
can be deposited over large areas by 
ÔÈÅ ÓÏ ÃÁÌÌÅÄ Ȱ0ÌÁÓÍÁ %ÎÈÁÎÃÅÄ 
#ÈÅÍÉÃÁÌ 6ÁÐÏÒ $ÅÐÏÓÉÔÉÏÎȱ ɉÕÓÕÁÌÌÙ 
denoted PECVD), as opposite to 
crystalline silicon (c-Si) wafers, 
which are sliced from mono-
crystalline ingots.  

a-Si can be doped in a fashion 
similar to c-Si, to form p- or n-type 
layers and ultimately to form 
electronic devices. It uses 
approximately 1% of  

the silicon needed for typical crystalline silicon cells.  

Figure 3.1: Mitsubishi a -Si module  

http://en.wikipedia.org/wiki/Thin_film
http://en.wikipedia.org/wiki/Chemical_vapor_deposition
http://en.wikipedia.org/wiki/Crystalline_silicon
http://en.wikipedia.org/wiki/Wafer
http://en.wiktionary.org/wiki/sliced
http://en.wikipedia.org/wiki/Monocrystalline
http://en.wikipedia.org/wiki/Monocrystalline
http://en.wikipedia.org/wiki/Doped
http://en.wikipedia.org/wiki/Layer
http://en.wikipedia.org/wiki/Crystalline_silicon
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Furthermore, it can be deposited at very low temperatures, as low as 75 °C, 
which allows for deposition on not only glass, but plastic as well, making it a 
candidate for a roll -to-roll processing technique.  

The relatively lower electronic performance of low-temperature a-Si devices 
could be compensated by the cheaper production, for future, ultra-low-cost, 
high-volume applications. 

a-Si as material for PV application benefits from the fact, that this material due 
to the production way used, has become the material of choice for the active 
layer in thin-film transistors  (TFTs), which are most widely used in large-area 
electronics applications, mainly for liquid -crystal displays as known in flat 
screen TV sets. 

As consequents, the PV sector can benefit from the research and developing 
carried out in this respect in order to apply the production technologies to 
produce large-area PV cells.  

In the life cycles of a-Si the use for large area PV-cells is relatively new, 
however, small PV cells based on a-Si has been used in pocket calculators etc. 
for many years. 

Typically, amorphous silicon thin-film cells use a p-i-n structure, and the panel 
structure includes front side glass, TCO, thin film silicon, back contact, 
polyvinyl butyral  (PVB) and back side glass. 

3.2 MICROMORPHOUS - A-SI/µC-SI 

The products in this category can be seen as 
a development of a-Si modules, giving that a 
further layer of micro crystalline silicon 
(µc-Si) is added. 

This sandwiched construction cause the 
efficiency of the module to increase to 8 % 
compared to the typical values of 5 ɀ 7 % of 
a-Si single junction modules. 

The advantages of the a-Si/ µc-Si modules ɀ 
or hybrid module - relies on the 
improvement of the spectral response of 
the PV module because the two layer of 
cells absorb different wavelength ranges of 
solar spectrum, i.e., the top cell absorbs 
shorter wavelength radiations and the 
bottom cell absorbs longer ones. 

3.3 COPPER INDIUM GALLIUM SELENIDE - CIGS 

This thin film type gain distinction by having the best efficiency among the 
types described, typically in the interval between 7 and 11 %. Two different 
variation of the types are marketed, with and without gallium, denoted CIGS 
respectively CIS.  

Figure 3.2: Sharp a-SI/µc -Si module  

http://en.wikipedia.org/wiki/Plastic_electronics
http://en.wikipedia.org/wiki/Roll-to-roll_processing
http://en.wikipedia.org/wiki/Active_layer
http://en.wikipedia.org/wiki/Active_layer
http://en.wikipedia.org/wiki/Thin-film_transistor
http://en.wikipedia.org/wiki/Large-area_electronics
http://en.wikipedia.org/wiki/Large-area_electronics
http://en.wikipedia.org/wiki/Liquid-crystal_display
http://en.wikipedia.org/wiki/P-i-n
http://en.wikipedia.org/wiki/TCO
http://en.wikipedia.org/wiki/Polyvinyl_butyral
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Figure 3.3ȡ #)' ÍÏÄÕÌÅÓ ÉÎÔÅÇÒÁÔÅÄ ÉÎ ÆÁÃÁÄÅ ÁÔ ȱ/Ð4)# ÃÅÎÔÒÅȱ ÉÎ 3Ô !ÓÁÐÈ É 7ÁÌÅÓȢ 

Some manufactures seeks to developed flexible modules capable of being 
bended and shaped, providing the possibility to be applied on curved surfaces. 
In these cases the CIS/CIGS technology has usually been the preferred 
technology. 

The figure below demonstrates an example of a flexible CIGS solar module. 

 

Figure 3.4: Flexible  CIGS module 

As can be seen in appendix 1 a number of companies are engaged in the field 
of CIS/CIGS, however, it must be noted, that a significant part of the firms 
mentioned are still operating on the prototype stage and thus do not market 
modules on commercial terms. 

CIS/CIGS modules benefits from the fact that the efficiency is high compared 
to a-Si and a-Si/µc-Si modules and no environmental concerns is present as 
the case is ɀ substantial or not ɀ with CdTe modules due to there contents of 
Cadmium. 



Page 22 of 38 

Prospective manufactures of CIS/CIGS modules furthermore benefits from the 
presence of a number of equipment suppliers, making it possible to buy turn-
key production lines. 

However, according to a survey published in Photon International 1 ɀ 2009, 
commencement of a  CIS/CIGS production line is usually a lengthily procedure, 
in which the production must be expanded gradually.  

3.4 CADMIUM TELLURIDE - CDTE 

Despite the fact that only a limited numbers of 
companies are active in the field of Cadmium 
Telluride modules, these modules today 
represent the cost leading technology with 
specific prices approaching 1 $ per Wp. 

Through this cost leadership, the CdTe 
technology have been successful in gaining a 
significant share of the marked, mainly due to 
low prices as a result of economies of scale 
obtained by CdTe marked leader First Solar. 

An example of this is presented later in this 
study, describing a 40 MWp PV plant under 
construction in Germany, see part 4.4.1. 

The reason CdTe has been able to obtain a 
benefit due to economy of scale relate to a high 
degree of standardization and industrialization. 
Consequently, the possibility to have customize 
made modules differ from the standard size of 
60 x 120 cm is almost non-existing. 

Giving this, it must be expected, that the main scope of application for CdTe 
modules will be in large scale PV plant, in which the price aspect is important 
and no special objectives with respect to visual appearance or module size 
exist. 

Of cause, this do not exclude utilization of CdTe modules in facades, on 
rooftops etc, however, in these situation the project has to be adapted to the 
standard module size. 

In contrast to actors in the other technology fields included in this study, CdTe 
module manufactures do not have the possibility to buy turn-key production 
lines from equipment manufactures. Therefore, all manufactures in this 
segment take an active part in developing there own production equipment. 

In a CdTe cell, the device structure is similar to the a-Si cell, except the order of 
layers is flipped upside down. Specifically, in a typical CdTe cell, the top layer 
is n-type cadmium sulfide (CdS), the middle layer is intrinsic CdTe, and the 
bottom layer is p-type zinc telluride (ZnTe). 

As the case is with CIGS, also CdTe aims at reducing the limitations in a-Si with 
respect to relative low efficiencies and thereby need for larger module are in 
order to produce a certain amount of energy. 

Figure 3.5: First Solar CdTe -module  
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Frequently the risk of endangering the environment is drawn forward in 
relation to CdTe modules, due to there contains of the heavy metal Cadmium. 
In an attempt to counter the seriousness of these element of risks, a 
collaboration of CdTe module manufactures has launched a non-compulsory 
recycling scheme, which guarantee that an environmentally correct disposal of 
superannuated modules take place, while at the same time parts, that can be 
reused, will actually be recycled. 

Furthermore, the manufactures argues that the contents of cadmium in a 
module is extremely small and that test has shown, that in case where a 
module is exposed to fire, an encapsulation of the cadmium will take place 
which prevent contamination of the environment. 

Another issue sometime mentioned as a limited factor for the future 
exploitation of CdTe modules, is the supply situation for Tellurium, the basic 
material for Telluride.   

Tellurium is an element not currently used for many applications. Only a small 
amount, estimated to be about 800 tons per year, is available. Most of it comes 
as a by-product of copper, with smaller byproduct amounts from lead and 
gold.  

At current efficiencies and thicknesses 1 GW of CdTe modules require 
approximately 90 tons, which cause some analysts to consider tellurium a 
limiting factor.  

The counter argument is that due to the fact that tellurium has had very few 
uses, it has not been the focus of geologic exploration and that new supplies of 
tellurium -rich ores have been located, e.g., in China, which will be more than 
sufficient to cover the demand even for a major rise in utilisation. 

3.5 A BRIEF INTRODUCTION TO 3RD GENERATION 
TECHNOLOGIES 

Third generation technologies aim to enhance the electrical performance of 
second generation (thin-film technologies) while maintaining very low 
production costs. 

Current research is targeting conversion efficiencies of 30-60% while 
retaining low cost materials and manufacturing techniques.  

 Among the technologies assign to third generation PV technologies 
are: 

 Nanocrystal solar cell 

 Polymer solar cell (absorbs infrared light) 

 Dye-sensitized solar cell (DSSC) 

 Photo-electro-chemical cells (PEC) 
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3.6 CURRENT AND EXPECTED FUTURE PRODUCTION 
CAPACITY 

Researchers from JRC have carried out an analysis to establish the expected 
capacity increase in the TFPV industry. The results were presented at the 
previously mentioned work shop in November 2007. 

These figures from JRC are based on information obtained in 2006 and 2007, 
and therefore the actual conditions today might be slightly ɀ or even 
significantly ɀ different.  

When possible, figures have been update with newer information from a 
survey carried out by Photon International reported in its issue of March 
2009. In the framework in which this document has been prepared, it was not 
possible to carry out throughout studies and interviews to establish figures 
regarding the exact situation as of today. 

In figure 3.6 an overview of the thin film industry at the time of the study of 
JRC is presented.  

 

Figure 3.6: Key figures regarding the thin film industry according to JRC  

According to the above mentioned PI survey, the number of companies who 
have produced thin film modules have rising significantly compared to the 
time of the JRC study, since about 200 companies have either made thin film 
products in 2008 or have announced there intention to enter this market.  

On the same time, however, Photon International points to the fact, that due to 
the stagnation in the international financial situation and the special 
requirement related to setting up a thin film production facility (see part 
2.3.1) , nearly 75 % of these companies are at risk of not advancing or not 
surviving through the end of 2009 (Photon International issue 1, 2009 p. 98). 

Photon International estimates, that a total of nearly 1 GWp ɀ more precisely 
987 MWp ɀ of thin film PV capacity were produced in 2008, which account for 



Page 25 of 38 

a doubling compared to a 2007 production figure of 440 MWp, which nearly  
showed a tripling  compared to the 2006 figure of approximately 150 MW 
according to the same source.  

The division among the top 10 manufactures is shown in figure 3.7. 

 

Figure 3.7: Photon International survey 200 8 

The figures clearly show that a significant development between 2007 and 
2008 has taken place and that one company ɀ First Solar ɀ evidently has 
established a market leading position, giving that the production from First 
Solar alone surpasses the combined production of all other TFPV producers. 

In figure 3.8 below the market share of different PV cell technologies is shown.  
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Figure 3.8: Photon International survey 2008  

Based on the figure it can be concluded, that a steady increase in TFPV 
utilisation on the expense of crystalline technologies has occurred in the past 
5 years.  

According to the study, the shares of TFPV rise from 10.4 % in 2007 to 12.5 % 
in 2008. It has to be mentioned, that ÔÈÅ ÔÅÒÍ ȰÁ-Si/µc-3Éȱ ÓÔÁÔÅÄ ÉÎ ÔÈÅ ÆÉÇÕÒÅȟ 
cover micromorph (a-Si/µc-Si) technologies as well as traditional a-Si 
modules. 

In 2008 the CdTe for the first time took over the leading place with respect to 
produced capacity from a-Si and a-Si/µc-Si, which previously have held the 
highest marked share among TFPV. 

CIS/CIGS still account for the lowest marked share, although this has doubled 
from 0.5 % to 1.0 % from 2007 until 2008. 

3.6.1 FUTURE PERSPECTIVES 

The expected future production capacity in the TFPV industry was included in 
the survey carried out by both JRC and by Photon International. 
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In figure 3.9 and 3.10 JRC has summarized the announced increase in 
production capacity divided by technology respectively geographical aspects. 
It has to be noted, that year 2008 is not included in the charts.  

 

Figure 3.9: Announced production capacity by technology according to JRC  

Summarizing the columns of figure 3.9, a total of approximately 6 GWp 
production capacities are expected in 2010.  

 

Figure 3.10: Announced production capacity by geographical region according to JRC  


