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ABSTRACT

This study has overall goal to investigate the solar cell power plant in Thailand
over its entirz life cycle by integrated analysis of energy, environmental and
economical issues. The solar cell power plant in this study is Mae Hong Son solar cell
power plant with a capacity of 500 kWp. Two types of the solar cell modules, which
are multicrystalline silicon (m-Si) and thin film amorphous silicon (a-Si), are analyzed
and compared their results. Life cycle assessment or LCA technique is applied to
assess the energy and environmental burdens. Life cycle cost or LCC technique is
applied to evaluate economic burden. All of analytical results are reported per
functional unit of electricity generation of 1 kWh. In life cycle boundary, there are
three phases to be considered, the solar module manufacturing, transportation from
manufacturer to the power plant and the operation of the power plant. In the data
inventory step, Activity-based data collection model has been created to collect all
data of the solar module processes for the more accurate data the more accurate
results.

Life cycle energy analysis is focused on energy consumption for the solar
module manufacturing and electricity generation from the module. Energy analytical
resuits are explained by Energy Payback Time (EPBT) and Electricity Generated
Efficiency (EGE). The power output model is developed and wsed to predict power
output of the four selected cities in Theiland which are Chiang Mai, Bangkok,
Ubonratchathani and Sengkhla. The results are found that EPBT of the m-5i solar cell
power plant is in a range of 1.63 — 1.77 years while the value of the a-8i module is in
a range of 0.58 — 0.63 years. The EPBT of the a-Si module is less than that of the m-
Si module due to it requires input energy less than the m-Si requires. For the EGE, the
a-Si module also gives the better values of 15.89 —17.22 while the m-5i module gives
the values of 14.14-15.35 due to the same reason of energy input. When compare the
four cities results, the module located at Bangkok gives the highest EGE and the
lowest EPBT because the average solar radiation in Bangkok is highest. The average
eleciricity generation for entire the modules life cycle of the m-5i (25 years) is
4114.73 kWh per module and the a-Si (10 years) is 725.75 kWh per module.
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The environmental analytical results are shown in term of environmental load
which arc calculated from Numerical Environmental Total Standard (NETS) method
and SimaPro software. In total environmental impact comparison, it is obviously
showed that the a-Si solar cell power plant gives less negative environmental impacts
than those of the m-Si power plant. Both of impact assessment methods, NETS
method and SimaPro software, get the unanimity results. The m-Si power plant gives
higher environmental impacts due to there are the more relative industries of the m-Si
celi production. However, the main impacts do not occur in the direct module
production and the direct energy consumption of the power plant electricity
generation. Secondary input material, aluminum frame, is the main cause of natural
resource depletion which is the most violent impact to environment. To get less
negative environmental impacts, the improvement analysis should focus on material
changes of the module frame. The improved analytical result is found that frameless
module give the least environmental impacts when compare with 0% recycle
aluminum and 100% recycle aluminum.

In economic analysis, life cycle costs of the solar cell power plant are identified.
Internal costs or private costs are analyzed separate to the external costs and the total
costs are final sumnmarized. Furthermore, this study focuses on development of LCA-
Externality evaluation model which can be applied to address the externality costs of
the solar cell power plant. The results are found that the total cost throughout life
cycle of the m-Si power plant and the a-Si power plant, excluding externality, are
0.490 US$/kWh and 0.639 US$kWh, respectively. Cost of the a-8i power plant is
higher than that of the m-Si because of its lower efficiency and lower lifespan. For
LCA-NETS externality evaluation, the externality costs of the m-Si and the a-Si .
power plants are 0.0266 US$/kWh and 0.0141 USS/kWh, respectively, For LCA-
SimaPro externality evaluation, the externality costs of the m-Si and the a-Si power
plants are 3.9802 US$/kWh and 2.6603 US$/kWh, respectively. Externality analysis
by LCA-8imPro gives much more externality cost value than that of LCA-NETS
method due to its consideration covers more impact categories and more impact
substances in each category. The m-Si solar cell power plant gives higher externality
costs than those of the a-Si power plant due to the environmental impacts of the m-Si
are higher. For final summary of the life cycle economic analysis, the m-5i solar cell
power plant is better than the a-Si in case of economic cost consideration. In case of
environmental concern or externality consideration, the a-Si solar cell power plant is
better due to lower environmental impacts and lower environmental damage costs.

In final conclusion, the a-Si solar cell power plant is better than the m-Si m!ar
cell power plant in energy efficiency and environmental impact issues while its life
cycle cost is worse than cost of the m-Si.



