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Abstract—today, it is widely recognized that electricity is
needed for society mobility. But traditional electricity sources
that are relatively using fossil energy resources will not be able
to address supply and demand in rural areas which are
scattered over huge geographic distances. Solar power is one of
solutions for those problems concerning environmental impact
and emissions. This paper aims to map out trade-off between
generations of solar cells that were ever invented. Various
materials display varying efficiencies and costs so that
materials must have characteristics matched to the spectrum of
available light. This paper also describes a comparative value
chain of solar power to evaluate activities within and around
and relates them. From those value chain, then areas in
Indonesia are discussed to know where can be used as a source
for material constituent of solar PV to reduce the dependence
on imported raw materials. This paper also discusses about
trends in global PV supply and demand to measure global
market shares of PV system. In addition, this paper also
describes about solar financial to discuss the economics of solar
modules.

Index Terms— electricity, solar energy, solar finance source
area, value chain

I. INTRODUCTION

OLAR power, also known as solar photovoltaics (PV),

has received a lot of attention recently in the wake of
growing environmental concerns [1]. It converts the sun’s
energy into electricity, which can be used to run household
appliances and lighting [2]. PV technologies use both direct
and scattered sunlight to create electricity. However, the
amount of power generated by a solar system at a particular
site depends on how much of the sun’s energy reaches it.
Thus, PV systems, like all solar technologies, function more
efficiently in the place which receives the greatest amount of
solar energy [3].

Solar PV electricity has enormous potential. It can be a
reliable and pollution-free producer of electricity [4] -[5]. It
will save nearly two tonnes of carbon dioxide every year on
a 4 kilowatts peak (kWp) solar PV system [2]. It does not
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only combat global climate change through the significant
reduction of greenhouse gas emissions, but also contribute
substantially to global energy security by consuming free
sunlight as renewable resources [6] -[7]. Solar electricity
also provides a cost-effective power supply in locations
where it is expensive or impossible to send electricity
through the conventional power lines [3]. Besides that, PV
systems can be designed to meet any electrical requirement,
no matter how large or how small it is, because of their
modularity [8].

To compete with fossil fuels, there are two challenges to
be met for renewable energies, like solar energy. They are
increasing efficiencies and reducing production costs [9] -
[10]. The key component for both efficiency and production
cost is in the types of solar cell technology itself, especially
in its module technology [3].

In accordance with the development of science and
technology, the types of solar cell technology have been
developed with a range of innovations. These innovations
which are usually called by generations, are done to get solar
cell which is highly efficient, cheap and easy to be made
[11]. It has to be studied to determine what generation that is
the most suitable for solar cell technology in emphasizing on
the infrastructure, sources and the effects to the environment.

This research aims to map out trade-off between
generations of solar cells that were ever invented. Then, in
order to be able to capture more value and to mitigate the
inherent risks of the supply chain [12], this paper also
describes the solar value chain to evaluate activities within
and around and relates them, which value each particular
activity adds to the solar power. It is crucial to build strong
partnerships with others in the value chain because close
coordination across the value and supply chains is key to
moving things forward [13]. Based on this value chain, it
will be identified about the supply chain of solar energy to
know which areas in Indonesia that can be used as a source
for material constituent of solar PV. This paper also
describes about solar financial to discuss the economics of
solar modules. Then, this paper will discuss about trends in
global PV supply and demand. They are important
measurement that can be used to determine the international
competitiveness in global market shares of PV system.

II. GENERATIONS OF SOLAR CELLS

Solar cells, as the basic building blocks of a PV system,
consist of semiconductor materials [14]. Various materials
display varying efficiencies and costs. Materials for efficient
solar cells must have characteristics matched to the spectrum
of available light. Only sunlight of certain wavelengths will
work efficiently to create electricity. PV systems can still
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produce electricity on cloudy days, but not as much as on a
sunny day [15].

The performance of PV is measured in terms of its
efficiency at converting sunlight into electricity [3]. There
are a variety of solar cell materials available, which vary in
conversion efficiency. They are usually divided into four
main categories called generations.
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Fig. 1. Comparison of efficiency and production costs between generations

of solar cells.

A. First Generation

The first generation includes cells consisting of silicon or
germanium, that are doped with phosphorus to get silicon
material type n and boron to get silicon material type p, in a
pn-junction [16]-[17]. This generation is dominating the
commercial market. It contains solar cells that have a quite
high efficiency, but are relatively expensive to produce
compared to the power output, due to very pure silicon is
needed [17]. So many researchers assume that the solar cell
from first generation is inefficient to be alternative energy
sources.

Bulk silicon is separated into multiple categories
according to crystalline and crystal size in the resulting
ingot, ribbon, or wafer. They are monocrystalline silicon (c-

Si), polycrystalline silicon, or multicrystalline silicon, (poly-
Si or mec-Si), ribbon silicon, and mono-like-multi silicon
[18]-[19].

B. Second Generation

The second generation is solar cell used from thin film
technology. Thin-film technologies reduce the amount of
material required in creating the active material of solar cell
in order to decrease the cost of making solar cells [20]. They
only need less than 1 % silicon materials if compared to the
materials for wafer silicon type [21]. Although this
generation contains types of solar cells that are much
cheaper to produce, such that the cost per watt is lower than
in first generation cells, but they have not become
mainstream solar products due to their lower efficiency and
corresponding larger area consumption per watt production
[20].

Cadmium telluride (CdTe), Coper indium gallium
selenide (CIGS) and amorphous silicon (a-Si) are three thin-
film technologies often used as outdoor photovoltaic solar
power production [20]. CdTe technology is most cost
competitive among them. CdTe technology costs about 30%
less than CIGS technology and 40% less than A-Si
technology in 2011 [22].

C. Third Generation

Many research attempts to make cheaper solar cells so
that they led to this third generation technology. This
generation is the technology of manufacturing of solar cells
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from polymer materials, or also usually known as organic
solar cells and photo electrochemical solar cells. Solar cells
made from organic materials such as polyphenylene vinylite
organic semiconductors and fullerenes [23]. This generation
is usually called by dye-sensitized solar cells (DSSC) [24].

Although this third generation solar cells still have a big
problem in terms of efficiency, age of active cells still too
short [24], and is not yet commercial, but there is a lot of
research going on in this area. This type of solar cells will be
able to have a huge impact in the next ten years given the
price and the manufacturing process that would be very
cheap.

D. Fourth Generation

Solar cell from fourth generation is based on ‘inorganics-
in-organics’, offers improved power conversion efficiency to
third generation solar cells, while maintaining their low cost
base [25]. This generation defined combine —within a single
layer— the low cost and flexibility of conducting polymer
films (organic) with the lifetime stability of novel
nanostructures (inorganic), and leverage the properties of
these new, hybrid active materials for performance beyond
that of the third generation device [26].

For renewable energies, like solar energy, to compete
with fossil fuels, there are two challenges to be met that are
increasing efficiencies and reducing production costs. The
comparisons efficiency and production costs between
generations of solar cells are shown in fig. 1 [9]. Then, the
changes materials from the first generation (1G) to the last
generation (4QG) are displayed in fig. 2 to describe about the
development of solar cells nowadays [25].
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Fig. 2. The changes from first generation (1G) to fourth generation (4G)

III. VALUE CHAIN AND SOURCE AREAS

A. Value Chain of Solar Cells

The value chain of solar cells needs to be studied for
evaluating activities within and around and relates them so
that it will be known what activities will give value added to
the photovoltaic technology. The value chain of electric car
batteries is found in Fig. 3 [27].
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region, are not connected to the National Grid [28] -[30]. It
is difficult task to make the installation and operation of
electrical grids in those locations, on islands that are not
easily accessible.

The conditions for solar energy are perfect in Indonesia,
as the country is blessed with daily sunshine. Solar energy
potential in Indonesia is 4,8 kWh/m® per day of 1.906.240
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availability of raw materials for solar cells. It is expected
that the raw materials do not depend on import. In terms of
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according to the latest data of The Ministry of Energy and
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various locations in Indonesia [31].

The quality of silica in each region is different. Quality
silica which has reached 99% is equivalent to the
metallurgical grade silicon. It is usually found in the
province of Riau. Table 1 below shows data for silica
potential in various provinces in Indonesia [32].

Fig. 3. The solar cells value chain

The solar value chain consists of several distinct steps,
starting with the extraction of quartzite through to the
production of solar modules which are used in systems to
generate electricity from the sun. Beginning from the first

column, a compound of silicon and oxygen in the form of TABLEI
. . J DATA FOR SILICA POTENTIAL IN VARIOUS PROVINCES IN INDONESIA
quartz sand or quartzite must be changed to obtain silicon - - - -

1 L. fir . No Province Countable  Indicated  Identified  Hypothetical SiO2
only. To obtain it, oxygen must be re;noyed om quartzite at (ton) (ton) (ton) (ton) )
high temperature. The next column is mixing quartzite with I North Sumatera  225.430 94,08
carbon (in the form of coal, charcoal and petroleum coke) ~ 2 Riau 5.405.175 1.300.000  85.100.000 99,51

d d chibs i lectri f d heated at 3 West Sumatera 780.000  10.772.110 3.751.000.000  Good
and wood chips m an clectric-arc urhace and neated a 4 SouthSumatera 59.350.653 11.575.000 8327.836  14.951.100  87.4-99.68
temperatures up to 2,500°C. The intense heat allows the 5 West Java 11.043.092 10.252.000  73,54-99,33
oxygen to migrate from quartzite to carbon, leaving liquid 6 Central Java 572.189 886.737  14.050.000  68,37-96,00
silicon to collect at the bottom. The result of this step is | L>t!@ 1168854 2725000 - 8965988

. . T . p 8  West Borneo 330.950.000 96,65-99,63
Metallurgical-grade silicon (Mg-Si). In order to purify Mg- 9  South Borneo 810.700 49.000.000  97,99-99,50
Si further to solar grade silicon, Mg-Si is transformed into a 10 East Borneo 4.000.000  not identified

11 South Sulawesi 95.530.000  90,00-97,17

feed liquid called trichlorosilane (TCS).

Next, high purity TCS and hydrogen are fed into a
thermal deposition reactor, where it solidifies on heated
rods, in order to obtain solar-grade polysilicon (Poly-Si).
Solar grade Poly-Si has a purity of 99,9999% or higher.
Then, Poly-Si are melted down and crystallized to form
multisilicon  blocks (Casting Process) or round
monocrystalline ingots (Czochralsky process). The ingots
are cut into bricks to achieve the desired shape. These are
then sliced into ultra-thin wafers. In order to enhance
conductivity of silicon material, certain impurities are
deliberately introduced into it, a process also known as
“doping”.

Solar cells, otherwise known as photovoltaic cells, are the
units that collect the sunlight and convert light into usable
electricity. These are the building elements of modules.
Solar modules are clusters of solar cells soldered together on
a plate. This is followed by encapsulation under a sheet of
glass. Lastly, a power socket is installed on the reverse side
of the module. The final column of the chain is aligning
modules in large numbers to create industrial scale solar
power plants or used individually for residential use.

B. Sources of Material

Indonesian government statistics show that only 65% of
Indonesia’s 240 million citizens have access to electricity.
Because the large population is distributed on over 17.000
islands, some of the villages, especially in the easternmost

ISBN: 978-988-19253-3-6
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

Besides data in table 1 above, there are data from the
Central Bureau of Statics about the total silica deposits in
Indonesia that is about 3137,4 billion tons, which can be

seen in table 2 below [32].
TABLE I
TOTAL DATA FOR SILICA IN VARIOUS REGIONS IN INDONESIA

No Region Total (billion tons)
1  Central Borneo 88,4
2 Sumatera (Aceh, Lampung, Bangka, Belitung) 327.5
3 West Java 2700
4 Papua 21,5
Total 3137,4

Generally, silica located in Indonesia has predominant
compositions that are silicon oxide (SiO,), alumina oxide
(ALLO;) and potassium oxide (K,O) with varied levels for
each region in Indonesia. The compositions of silica found
in Indonesia can be seen in table 3 below [32].

TABLE Il
THE COMPOSITION OF SILICA IN INDONESIA
Composition %
Sio, 72,92
Al,O; 14,73
K,0 6,17
CaO 2,31
Na,O 1,59
MgO 0,65
Fe,0; 0,31
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With those potential, Indonesia should begin to improve
in support of national energy security. Now, the solar cell
market is still dominated by silicon solar cells, both mono
and multi-crystal silicon. A market non-silicon solar cell is
expected to rise to 13 % of the total production of solar cells
in the next 10 years because of the relatively lower cost of
production [33]. Non-silicon solar cells are partly based thin
film solar cell, organic solar cells and polymer, and dye-
sensitized solar cell (DSSC). Research on the type of solar
cell based on dye technology such as low-sensitized solar
cell -DSSC- began to be studied for development in
Indonesia [31], [34] -[38], because this type of solar cells do
not require high-tech equipment for the fabrication process
so that with these conditions, the researchers in Indonesia
could also participate in the part of the DSSC development
world and also for the possibility of mass production locally.

The Indonesian government expects to generate 25%
power from renewable sources by 2025. With the new solar
projects, the government hopes for more of its citizens to an
electrical supply source [29].

IV. SupPLY AND DEMAND

Currently the top five solar energy markets are Germany,
the US, China, Spain and Japan with Germany leading the
way [24]. In fact, US led to PV shipments before 1999, but
lost market leadership over the subsequent decade —first to
Japan and then to Europe (primarily Germany), and finally
to China or Taiwan which shipped 46% of total product in
2009. All those countries had strong production growth rates
in the past decade, but market share in Japan, Europe and
US dropped due to the emergence of China and Taiwan.
They surged to dominance primarily due to price leadership
[35].
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Fig. 4. Global PV supply and demand (% of annual shipments MW)
(a) supply and (b) demand

Fig. 4 shows about global PV supply and demand (cell
and module shipment).It is seen that 86% of demand is in
Europe, especially 53% from Germany, and much of it
supplied from Asia. China and Taiwan surged to dominance
primarily in supply dimension, whose 38% of 61% is theirs
[35].

The major solar panel technologyn manufacturing
countries are China, Japan, Europe and the US. China
produced zero solar panels in 1999 and has grown to be the
largest solar panel manufacturer with 40% of the global
market production in 2008. Chinais currently putting
infrastructure in place to build up to 20 GW (equivalent to
20 nuclear power plants) in solar power generation capacity
by 2020. In comparison, the US is planning to build up to
3000 GW of solar power generation capacity by 2050 to
reduce dependence on fossil fuels. The US was a leader in
polysilicon production in 2008, but this is probably no
longer the case that Chinese PV cell and module
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manufacturers have invested in polysilicon facilities to lock
up supply [35].

Despite a long history of public and private investments
in PV technology, the US continues to be a relatively
immature PV market. In 2008, the US accounted for : (1)
8% or about 440 megawatts (MW) of PV global market
demand and (2) 7% or about 385 MW of global market
supply. The technical potential of the US PV market is
substantial, but the land area required to supply all end-use
electricity in the US using PV is only about 0.6% of the
country's total land area or about 22% of the “urban area”
footprint.

In contrary, with the US, China’s PV industry has
predominantly supplied export markets, but the government
is now stimulating domestic demand. Since the industry’s
modest beginnings in 2002, domestic cell and module
manufacturers have exported more than 95 percent of their
products to overseas markets —relying on the favorable
energy policies of European governments to drive demand
for Chinese production. As China has rapidly vaulted to the
top of global solar cell manufacturing capacity, it has done
so largely due to unprecedented demand from countries like
Germany, Spain, Italy, and the United States, among others
[35].

V. SOLAR FINANCE

By using solar electricity, there are many benefits the
users get. One of them is cutting the electricity bills. In the
UK, the average domestic solar PV system is 3.5 to 4kWp
and costs around £7,000 (including VAT at 5%), with the
typical cost ranging from £5,500 to £9,500. If the system is
eligible for the Feed-In Tariff scheme (FITs), it could
generate savings and income of around £785 a year (based
on a 4 kWp solar PV system eligible for a generation tariff
of 14.9 p/kWh). Even the users will get paid for both the
electricity they generate and use, and what they don't use and
export to the grid. When applying for FITs they will need to
show evidence of their property's Energy Performance
Certificate and this will affect what tariff they can get [2].

There are variable values between PV projects based on
the choice of location, orientation of the modules,
technology choices, size of installation as well as actual
installation and operation costs. It can be estimated that by
using photovoltaic modules, it will return long payback time
that is 9-10 years, but good annual returns. The internal rate
of return is about 10% pa. The cash flow from photovoltaic
modules can be seen in fig. 5 below [12].
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Fig. 5. The cash flow from photovoltaic modules
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Fig 5 above is from a case that if 1 kW installed in Exeter,
UK where equivalent with 1400 kWh/m® the panel is
located in the roof (optimal slope facing south), the module
is crystalline Si and the degradation 0,5% pa. Then, UK FIT
is 0,361 £/kWh, export tariff is 0,03 £/kWh, installation cost
is £3500, operating is £210 pa and installation is 2% pa (for
tariff and operating cost).

In order to save money, these are factors that affect PV
installation costs [2] are (1) the more electricity the system
can generate, the more it costs, but the more it could save,
(2) larger systems are usually more cost-effective than
smaller systems (up to 4kWp), (3) PV panels are all around
the same price per kWp, but PV tiles cost much more than a
typical system made up of panels, and (4) panels built into a
roof are more expensive than those that sit on top.

VI. CONCLUSIONS

This paper analyses trade-off between generations of solar
cells that were ever invented. It is because various materials
display varying efficiencies and costs so that materials for
efficient solar cells must have characteristics matched to the
spectrum of available light. There are four generations of
solar cells that type of solar cell based on dye technology
(DSSC) is suitable in developing country like Indonesia
because this type of solar cells do not require high-tech
equipment for the fabrication.

In order to be able capture more value and to mitigate the
inherent risks of the supply chain, this paper also describes
the value chain of solar cells to evaluate activities within,
around and relates them, so that it will be known what
activities will give value added to the solar power. Based on
this value chain, it will be identified about the supply chain
of solar energy to know which areas in Indonesia that can be
used as a source for material constituent of solar PV in order
not to depend on imported raw materials. Quartzite sand
(silica) as the solar raw material scatters in various locations
in Indonesia. Quality silica, which is equivalent to the
metallurgical grade silicon is usually found in the province
of Riau.

This paper also describes about trends in global PV
supply and demand. They are important measurement that
can be used to determine the international competitiveness in
global market shares of PV system. Currently the top five
solar energy markets are Germany, the US, China, Spain and
Japan with Germany leading the way. All those countries
had strong production growth rates in the past decade, but
market share in Japan, Europe and US dropped due to the
emergence of China and Taiwan. They surged to dominance
primarily due to price leadership

In addition, based on the previous study, it is known that
using solar electricity will cut the electricity bill. It will give
variable values between PV projects based on the choice of
location, orientation of the modules, technology choices,
size of installation as well as actual installation and
operation costs. It can be estimated that by using
photovoltaic modules, it will return long payback time that is
9-10 years, but good annual returns.
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