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Summary

Photovoltaics industry is growing rapidly to meet the increasing demand of green pow-
er. The technologies will further develop and improve with regard to energy and materi-
al efficiency. That is why the current supply situation of silicon crystalline photovoltaic
modules was updated and Chinese data sets for the multi-crystalline supply chain have
been established.

In the past years the PV sector developed rapidly. With the increasing production of
crystalline silicon photovoltaic systems a shift in their production from Europe to China
and Asia & Pacific occurred. This study describes the current market situation with re-
gard to the production of polysilicon, of single and multi-crystalline silicon, of wafers,
and of photovoltaic cells, laminates and panels. It also covers the market shares of pro-
duction and installation of crystalline silicon photovoltaic modules worldwide.

Single and multi-crystalline silicon, wafers and photovoltaic cells, laminates and panels
are mainly produced in China, having a share on the world market of between 73 % and
81 % (reference year 2011). Polysilicon manufacture is more evenly spread with China
having a market share of 41 %. While production is mainly concentrated in Asia, three
out of four photovoltaic panels and laminates are still sold and mounted in Europe.

The supply chain is modelled according to the market shares information of the four
world regions China, Europe, Americas and Asia & Pacific. The existing datasets de-
scribing the photovoltaic supply chain in Europe and China are used as a basis for the
life cycle inventories of the supply chain of the two new regions Americas and Asia &
Pacific. The electricity consumption on all process levels is modelled with specific elec-
tricity mixes corresponding to the different regions of the world. All other inputs and
outputs are not changed because of lacking information about the material, energy and
environmental efficiencies of the production in the different regions of the world.

The functional unit is 1 kWh electricity produced with single and multi-crystalline pho-
tovoltaic laminates, installed on slanted roofs in Switzerland. The non-renewable cumu-
lative energy demand amounts to 1.12 MJ oil-eq, 93.7 g CO,-eq of greenhouse gases are
emitted and 127 eco-points (according to the ecological scarcity method 2013) are
caused by the production of 1 kWh electricity with single-Si PV.

The environmental impacts per KWh electricity quantified in this study tend to be higher
compared to values published earlier due to the significantly higher share of Chinese
production in the silicon supply chain (from 33 % to between 73 % and 81 %).

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain treeze Ltd.
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Fig. S.1  Greenhouse gas emissions according to IPCC (2013, Tab. 8.A.1, 100a), environmental impacts
assessed with ecological scarcity 2013 according to Frischknecht & Busser-Kndpfel (2013),
non-renewable cumulative energy demand according to Frischknecht et al. (2007b), acidifica-
tion, human toxicity, photochemical ozone creation potential, particulate matter emissions and
land competition according to Goedkoop (2009) of 1 kWh of electricity produced with single
crystalline silicon-based photovoltaic laminate (slanted-roof); module efficiency: 15.1 %;
mounted in Europe with an annual yield of 975 kWh/kWp and a life time of 30 years; 100 %:
environmental impacts of PV electricity according to Jungbluth et al. (2012)

The non-renewable energy payback time (NREPBT) of single-crystalline silicon based
photovoltaic laminate (slanted-roof installation) operated in Europe corresponds to
about 2.7 years. Photovoltaic laminate operated in Switzerland, Germany and Spain
shows NREPBT of about 2.9, 3.3 and 1.9 years.

Conclusions

Market dynamics ask for a rather frequent update of life cycle inventory data of photo-
voltaic electricity. The increasing share of Chinese production in the supply chain of
crystalline silicon photovoltaic electricity influences its environmental impacts substan-
tially.

The study was financed by the Swiss Federal Office of Energy (SFOE) in the frame-
work of the Task 12 of the Photovoltaic Powers System Programme (PVPS) of the In-
ternational Energy Agency (IEA).
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Introduction and background 7

1 Introduction and background

Life cycle assessment (LCA) is an environmental management tool for analysing, com-
paring and improving products or technologies. A basic requirement for LCA is life
cycle inventory (LCI) data describing the inputs and outputs of each stage of the life
cycle. The ecoinvent database provides such data for currently more than 4000 unit pro-
cesses (ecoinvent Centre 2007). The data are used within all major LCA software prod-
ucts.

The last data update of silicon based PV electricity was made in 2012 (Jungbluth et al.
2012), where a market share of Chinese production was introduced for the first time.

The shift in the production of photovoltaic systems from Europe to China and Asia &
Pacific continued since then. The aim of this study is to update the global supply chain
of photovoltaic systems. For that purpose, the existing data sets of the silicon crystalline
photovoltaic supply chain are extended to represent four main world regions covering
the production worldwide.

Furthermore, the LCI data of the single crystalline silicon production (Czochralski pro-
cess), the multi crystalline silicon production, the silicon wafer production, the silicon
module production and the production of copper-indium-(gallium)-selenide (CIGS)
cells & modules are updated based de Wild-Scholten (2014).

LCI data on the actual Chinese silicon supply chain and photovoltaic module production
are still missing. As a first step LCI data of the Chinese multi-crystalline silicon supply
chain and photovoltaic module production are established in cooperation with Chinese
partners and the support of other members of the IEA Task 12.

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain treeze Ltd.
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2 Goal and Scope

2.1 Goal of the study

The first goal of this study is to assess the environmental impacts of single- and multi-
crystalline silicon based photovoltaic electricity with a special focus on the market sit-
uation regarding the production of polysilicon, wafer, cells, laminates and panels, and
regarding the installation of PV laminates and panels. The work focuses on the update
of the life cycle inventory data of the production of single-crystalline silicon, multi-
crystalline silicon, silicon wafers, silicon cells, silicon modules, CIGS cells, CIGS mod-
ules and market mixes within the silicon crystalline supply chain.

The second goal is the preparation of LCI data sets of the Chinese multi-crystalline sili-
con supply chain including the metallurgical grade silicon production, the solar grade
silicon production, the multi-crystalline ingot and wafer production, the multi-
crystalline cell production and the multi-crystalline module production based on actual
Chinese data and the comparison of the results of the currently used proxy data sets and
the actual data sets for Chinese production.

2.2 Functional unit

The functional unit used in this study is 1 kWh electricity produced with a small-scale
PV plant of 3 kWp and supplied to the grid. Some intermediate results are calculated
using various different reference flows such as kg wafer, cells or m? panel.

2.3 System boundary

The life cycle inventories of photovoltaic electricity includes the silicon supply chain
(from raw material extraction to wafer and cell production), the manufacture of PV
modules, the mounting of the modules, their operation (electricity production) and their
end of life treatment. The product system includes all relevant balance of system com-
ponents, in particular the inverter and the mounting system.

2.4 Assumptions related to the operation of photovoltaic modules

The use phase of the photovoltaic power plants is characterised by the following three
main parameters: annual yield, degradation rate and life time.

The annual yield depends on the location of installation, the mounting and orientation of
the modules (facade versus roof top, inclination and orientation) and the degradation.
Tab. 2.1 shows the cumulative installed photovoltaic power in Europe according to
IEA-PVPS (2013) and the country specific average yield at optimal angle in urban areas
according to EPIA (2012). The annual average yield of optimally oriented modules in
Europe weighted according to the cumulative installed photovoltaic power corresponds
to 1°090 kWh/kWp (excluding degradation effects).

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain treeze Ltd.
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Tab. 2.1 Cumulative installed photovoltaic power in Europe in 2012 according to IEA-PVPS (2013) and
country specific average annual yield in KWh/kWp at optimal angle in urban areas according to
EPIA (2012), based on calculations performed with PVGIS®; degradation is not included, un-
derlying performance ratio is not known.

awerage yield
Cumulative at optimal
Country installed Share angle in
power (MW) urban areas
(KWh/kWp)
Austria 363 0.6% 1027
Belgium 2'698 4.2% 930
Germany 32462 51.1% 936
Denmark 332 0.5% 945
Spain 4706 7.4% 1471
France 4033 6.3% 1117
United Kingdom 1'901 3.0% 920
Italy 16'450 25.9% 1'326
Netherlands 345 0.5% 933
Portugal 210 0.3% 1494
Sweden 24 0.0% 826
Europe (PVPS members) 63'524 100.0% 1'090

In line with the IEA PVPS methodology guidelines (Fthenakis et al. 2011) and the
ADEME methodology guidelines (Payet et al. 2013), a degradation of 0.7 % per year is
applied leading to a loss in yield of 21 % during the last year of an operation time of 30
years. Hence, the weighted average yield of a PV module installed in Europe and
operated during 30 years is 10.5 % below th average yield shown in Tab. 2.1. The
European PV modules will thus be modelled with an annual yield of 975 kWh per kWp.

2.5 Geographical, temporal and technical validity

The global photovoltaic supply chain covers four different world regions (and coun-
tries), namely Europe, North America, Asia & Pacific and China. In combination with
information on all the levels of the photovoltaic supply chain, specific market mixes for
the four world regions are derived and modelled. This includes both produced and in-
stalled PV capacities in the four regions mentioned.

! (accessed on 29.04.2014)

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain treeze Ltd.
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The data established within this project are valid for the period of 2010 to 2012 (market
shares) and 2011 with regard to manufacturing efficiencies. Data represent average
technology of producing polysilicon, solar grade silicon and of manufacturing wafers,
cells and panels.

2.6 Data sources and modelling

A commercial LCA software (SimaPro, 7.3.3) is used to model the product systems, to
calculate the life cycle inventory and impact assessment results (PRé Consultants 2012).
Background data are represented by ecoinvent data v2.2 (ecoinvent Centre 2010) and
further updates (LC-inventories 2012). Datasets are documented and published in Eco-
Spold v1 format.

2.7 Impact assessment methods
The following set of indicators is used in this study:

e Global Warming Potential in kg CO,-eq according to IPCC (2013, Tab. 8.A.1, 100a)

e Environmental impacts assessed with ecological scarcity 2013 according to
Frischknecht & Busser-Knopfel (2013)

e Cumulative energy demand, non-renewable (MJ oil-eq, Frischknecht et al. 2007a)

o Acidification potential (kg SO-eq, ReCiPe midpoint H/A Europe, Goedkoop et al.
2009)

e Human toxicity (kg 1,4-DB eq, ReCiPe midpoint H/A Europe, Goedkoop et al.
2009)

e Photochemical ozone creation potential (kg NMVOC, ReCiPe midpoint H/A Eu-
rope, Goedkoop et al. 2009)

e Particulate matter formation (kg PM1o-eq, ReCiPe midpoint H/A Europe, Goedkoop
et al. 2009)

e Land competition (agricultural and urban land occupation, ReCiPe midpoint H/A
Europe, Goedkoop et al. 2009)

2.8 Non-renewable energy payback time

The energy payback time (NREPBT, Fthenakis et al. 2011, Frischknecht et al. 2007b) is
defined as the period required for a renewable energy system to generate the same
amount of energy (in terms of primary energy equivalent) that was used to produce the
system itself. It covers non renewable energy sources such as hard coal, lignite, crude
oil, natural gas and uranium. The calculation of the energy payback time is described by
the following formula:

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain treeze Ltd.
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Emat + Emanuf + Etrans + Einst + EEOL

11

Energy Payback Time = Eagen
m—_ Eogm
Emat: Primary energy demand to produce materials comprising PV system
Emanut: Primary energy demand to manufacture PV system
Etrans: Primary energy demand to transport materials used during the life cycle
Einst: Primary energy demand to install the system
Eeol: Primary energy demand for end-of-life management
Eagen: Annual electricity generation
Eoem: Annual energy demand for operation and maintenance
Ne: Grid efficiency, average primary energy to electricity conversion efficiency at the demand

side

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain
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3 LCI of the global supply chain

3.1 Description of the supply chain

Fig. 3.1 shows the supply chain of photovoltaic electricity production according to
Jungbluth et al. (2012). The already existing supply chains for Europe and China (Bauer
et al. 2012, Jungbluth et al. 2012) are extended with two more world regions, namely
North America (US) and Asia & Pacific (APAC). Furthermore, world markets are in-
troduced on the level of the production of polysilicon, the wafer production and the
panel production.

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain treeze Ltd.
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Fig. 3.1  Supply chain of silicon based photovoltaic electricity production. MG-silicon: metallurgical
grade silicon; EG-silicon: electronic grade silicon; SoG-silicon: solar-grade silicon; a-Si:
amorphous silicon; CZ: Czochralsky; kWp: kilowatt peak
(according to Jungbluth et al. (2012)).

3.2 Market Mixes

Fig. 3.2 shows the market shares of the four world regions on the different levels of the
supply chain. The production is given in MW of photovoltaic power and based on the
2012 market report of the photovoltaic power systems programme (IEA-PVPS 2013).
The amount of silicon in tonnes is converted to MW based on an average consumption
of about 6’900 kg of polysilicon per MW of photovoltaic power capacity using supply
chain data published in Jungbluth et al. (2012). The market shares of the different re-
gions of the world have been cross-checked with the global market shares reported by
EPIA (EPIA 2013). The values of the IEA-PVPS programme have been used for the
actual calculation of the market shares, since this source provides absolute numbers on
the market shares on all levels of the supply chain. The data are given on the country
level and aggregated to the four world regions.

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain treeze Ltd.
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The polysilicon production is spread rather evenly across the four world regions with
China having the highest share. China and Asia & Pacific contribute more than 60 % to
the world market of polysilicon. Wafers, cells and modules are mainly produced in Chi-
na (with a share of between 73% and 81 % of the world production) with Europe and
Asia and Pacific each producing about 9 % of these products. The production in the
Americas is of minor importance (about 1 % to 4 %). In contrast to production, which
mainly takes place in China, photovoltaic modules are still mainly installed in Europe
(>75 %), followed by China (9 %), Asia and Pacific (8 %) and the Americas (8 %).

Photovoltaic power in MW (based on actual production in 2011)
0 5'000 10'000 15'000 20'000 25'000 30'000 35'000

Polysilicon

Wafers

C-SiCells

C-Si Modules (incl. High efficiency)

Installed Modules

Installed Modules C-S.i MOdl_JI?S fincl. C-Si Cells Wafers Polysilicon
High efficiency)
M Europe 21'029 2'992 3'037 2'698 5'393
W Americas 2'151 944 1'066 360 5'902
M Asia and Pacific 2'290 3'501 3'760 2'761 6'352
M China 2'500 20'090 21'528 24'500 12'194

Fig. 3.2 Market shares of the four world regions on polysilicon, wafer production, crystalline silicon
cells and modules manufacture, and installed crystalline silicon modules, in MW power capaci-

ty

Tab. 3.1, Tab. 3.2 and Tab. 3.3show the supply volumes and market shares derived from
the information shown in Fig. 3.2. The market shares are determined with the simplify-
ing assumption that production volumes in Europe, the Americas, and Asia and Pacific
are fully absorbed by the subsequent production step in the same region. Furthermore, it
is assumed that the missing supply volumes are imported from China first and then from
Asia & Pacific. Excess production is shipped to China in case of polysilicon and to the
European Market in case of the (installed) modules.

Tab. 3.1 shows the supply volumes and market mixes of polysilicon used in wafer pro-
duction in China, the Americas, Asia and Pacific and Europe. All regions except China
rely on their own production. The Chinese polysilicon supply mix corresponds to the
surplus production volumes from the other regions available for export after covering
their domestic demand.

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain treeze Ltd.
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Tab. 3.1 Supply volumes and market mixes of polysilicon used in wafer production in China, the Amer-
icas, Asia and Pacific and Europe, and wafer production volumes as reported in EPIA (2013)

China Americas Asia and Pacific Europe Total

MW % MW % MW % MW % MW
Europe 2'695 11.2% 0 0.0% 0 0.0% 2'698 100.0% | 5'393
Asia and Pacific | 3'591 14.9% 0 0.0% 2'761 | 100.0% | O 0.0% 6'352
Americas 5'542 23.1% 360 100.0% 0 0.0% 0 0.0% 5'902
China 12'194 50.8% 0 0.0% 0 0.0% 0 0.0% 12'194
Total 24021 100.0% | 360 100.0% 2'761 | 100.0% | 2'698 100.0% | 29'840
Water 24500 | 102.0% | 360 | 100.0% | 2761 | 100.0% | 2%698 | 100.0% | 30'319
production

Tab. 3.2 shows the supply volumes and market mixes of wafers used in cell production
in China, the Americas, Asia & Pacific and Europe. All wafers required in Chinese cell
production are produced domestically. One third of the American wafer demand (as a
feedstock to cell production in the Americas) is covered by American production. The
remaining two thirds are imported from China. Three quarter of the wafer demand in
Asia & Pacific are covered by domestic production. The remaining quarter is imported
from China. In Europe wafer production covers 88.8 % of the demand. 11.2 % of the
European wafer demand is imported from China to complement the domestic supply.

Tab. 3.2 Supply volumes and market mixes of wafers used in cell production in China, the Americas,
Asia and Pacific and in Europe and production volume of cells

China Americas Asia & Pacific Europe Total

MW % MW % MW % MW % MW
Europe 0 0.0 % 0 0.0 % 0 0.0 % 2'698 88.8% 2'698
Asia and Pacific 0 0.0 % 0 0.0 % 2761 734% 0 0.0 % 2761
Americas 0 0.0 % 360 33.8% 0 0.0 % 0 0.0 % 360
China 22'456 100 % 706 66.2% 999 26.6% 339 11.2% 24'500
Cell production 21'528 959 % 1'066 100.0 % 3760 100.0 % 3'037) 100.0 % 29'391

Tab. 3.3 shows the supply volumes and market mixes of panels installed in China, the
Americas, Asia & Pacific and Europe. Panels installed in Europe are produced in China
(78 %), Europe (14 %) and Asia & Pacific (6 %). There is a slight deficit in modules
produced in 2011. All panels installed in China are produced domestically. The same
holds true for panels mounted in Asia & Pacific. In the Americas somewhat less than

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain treeze Ltd.




LCI of the global supply chain 16

half of the installed modules are produced domestically, the rest is imported from Chi-
na.

Tab. 3.3 Supply volumes and market mixes of panels installed in China, the Americas, Asia and Pacific

and Europe.

China Americas Asia and Pacific Europe Total

MW % MW % MW % MW % Mw
Europe 0 0.0 % 0 0.0 % 0 0.0 % 2992 14.2 % 2'992
Asia and Pacific 0 0.0 % 0 0.0 % 2'291] 100.0 % 1'210 5.8 % 3'501
Americas 0 0.0 % 944 439 % 0 0.0 % 0 0.0 % 944
China 2'500 100.0 % 1'207) 56.1 % 0 00% 16383 77.9%  20'090
Panels installed 2'5000 100.0 % 2'151 100.0 % 2'291) 100.0 % 20'586f 97.9 % 27'527

3.3 General approach

The existing datasets describing the photovoltaic supply chain in Europe and China
(Jungbluth et al. 2012) are used as a basis for the life cycle inventories of the supply
chain of the two new regions Americas and Asia & Pacific. The electricity consumption
on all process levels is modelled with specific electricity mixes corresponding to these
two world regions. The supply chains of the regions are modelled based on the market
shares describe in Subchapter 3.2. All other inputs and outputs are not changed because
of lacking information about the material, energy and environmental efficiencies of the
production in the different world regions.

In addition, the LCI data of the single-crystalline silicon production, the multi-
crystalline silicon production, the silicon wafer production, the silicon cell production,
the silicon module production, the CIGS cell production and the CIGS module produc-
tion are updated based on recent information published by de Wild-Scholten (2014).

3.4 Basic silicon products

3.4.1 Metallurgical grade silicon

The first level in the photovoltaic supply chain is the production of metallurgical grade
silicon (MG-silicon). Tab. 3.4 shows the unit process data of the MG-Silicon production
in Europe (NO), China (CN), North America (US) and Asia & Pacific (APAC). Europe-
an MG-silicon factories are located in Norway, which implies the Norwegian electricity
mix. The South Korean electricity mix is selected for the APAC region, because South
Korea produces the highest share of MG-Silicon in the APAC region. The US electricity
mix is used to model electricity consumption in the North American production.

All other data about material and energy consumption as well as about emissions corre-
spond to the life cycle inventory data of MG-silicon published by Jungbluth et al.
(2012).

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain treeze Ltd.
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Tab. 3.4 Unit process data of MG-Silicon production in Europe (NO), China (CN), North America (US)
and Asia & Pacific (APAC).

. > o
c 2o 2 2
2 ER] = MG-silicon, MG-silicon, MG-silicon, MG-silicon g “ T3
© 59 E i i b b ©
Name S a E =} atplant atplant atplant atplant gPpes CeleiaConnent
3 £% 5 8¢
Location NO CN us APAC
InfrastructureProcess 0 0 0 0
Unit kg kg kg kg
product MG-silicon, at plant NO 0 kg 1 0 0 0
MG-silicon, at plant CN 0 kg 0 1 0 0
MG-silicon, at plant us 0 kg 0 0 1 0
MG-silicon, at plant APAC 0 kg 0 0 0 1
technosphere electricity, medium voltage, at grid NO 0 kwh  1.10E+1 0 0 0 1 110 (2:221,1,3); Literature, lower range to
account for heat recovery
electricity, medium voltage, at grid CN 0  Kkwh 0 1.10E+1 0 0 1 110 @22113)Lierature, lower range to
account for heat recovery
electricity, medium voltage, at grid us 0 kwh 0 0 1.10E+1 0 1 110 (2.2.21,1.3); Literature, lower range o
account for heat recovery
electricity, medium voltage, at grid KR 0 kwh 0 0 0 1.10E+1 1 110 (2:221,1,3); Literature, lower range to
account for heat recovery
wood chips, mixed, u=120%, at forest RER 0 m3 3.25E-3 3.25E-3 3.25E-3 3.25E-3 1 110 (2,2,2,1,1,3); Literature, 1.35 kg
hard coal coke, at plant RER 0 Ml 2.31E+1 2.31E+1 2.31E+1 2.31E+1 1 110 (2,2,2,1,1,3), Literature, coal
graphite, at plant RER 0 kg 1.00E-1 1.00E-1 1.00E-1 1.00E-1 1 1.10 (2,2,2,1,1,3); Literature, graphite electrodes
charcoal, at plant GLO 0 kg 1.70E-1 1.70E-1 1.70E-1 1.70E-1 1 110 (2,2,2,1,1,3); Literature
petroleum coke, at refinery RER 0 kg 5.00E-1 5.00E-1 5.00E-1 5.00E-1 1 1.10 (2,2,2,1,1,3); Literature
silica sand, at plant DE 0 kg 2.70E+0 2.70E+0 2.70E+0 2.70E+0 1 1.10 (2,2,2,1,1,3); Literature
oxygen, liquid, at plant RER 0 kg 2.00E-2 2.00E-2 2.00E-2 2.00E-2 1 1.29 (3,4,3,3,15); Literature
disposal, slag from MG silicon
production, 0% water, to inert material CH 0 kg 2.50E-2 2.50E-2 2.50E-2 2.50E-2 1 110 (2,2,2,1,1,3); Literature
landfill
silicone plant RER 1 unit 1.00E-11 1.00E-11 1.00E-11 1.00E-11 1 3.05 (1,2,2,1,3,3); Estimation
transport, transoceanic freight ship OCE 0 tkm 2.55E+0 2.55E+0 2.55E+0 2.55E+0 1 209 gtgg;(,:na,na,na); Charcoal from Asia
4, H ki
transport, lorry >16t, fleet average RER 0 tm 156E-1  156E-1  156E-1  156E-1 1 209 (ZOE"":;&’S;%"B) Standard distance S0km,
transport, freight, rail RER 0 tkm 6.90E-2 6.90E-2 6.90E-2 6.90E-2 1 2.09 (4,5na,na,na,na); Standard distance 100km
emission air, low .
population Heat, waste - . M 7.3E+1  743E+l  743E¢1 743841 1 110 (@2?21L3)Calculaion based on fuel and
density electricity use minus 25 MJ/kg
Arsenic - - kg 9.42E-9 9.42E-9 9.42E-9 9.42E-9 1 5.09 (34,3,3,15); Literature, in dust
Aluminium - - kg 1.55E-6 1.55E-6 1.55E-6 1.55E-6 1 5.09 (34,3,3,1,5); Literature, in dust
Antimony = = kg 7.85E-9 7.85E-9 7.85E-9 7.85E-9 1 5.09 (3,4,3,3,1,5); Literature, in dust
Boron - - kg 2.79E-7 2.79E-7 2.79E-7 2.79E-7 1 5.09 (3,4,3,3,1,5); Literature, in dust
Cadmium - - kg 3.14E-10 3.14E-10 3.14E-10 3.14E-10 1 5.09 (34,33,15) Literature, in dust
Calcium - - kg 7.75E-7 7.75E-7 7.75E-7 7.75E-7 1 5.09 (34,33,15) Literature, in dust
Carbon monoxide, biogenic - - kg 6.20E-4 6.20E-4 6.20E-4 6.20E-4 1 5.09 (34,33,15); Literature
Carbon monoxide, fossil - - kg 1.38E-3 1.38E-3 1.38E-3 1.38E-3 1 5.09 (34,33,15); Literature
Carbon dioxide, biogenic = - kg 1.61E+0 1.61E+0 1.61E+0 1.61E+0 1 1.10 (2,2,2,1,1,3); Calculation, biogenic fuels
Carbon dioxide, fossil - - kg 3.58E+0 3.58E+0 3.58E+0 3.58E+0 1 1.10 (2,2,2,1,1,3); Calculation, fossil fuels
Chromium - - kg 7.85E-9 7.85E-9 7.85E-9 7.85E-9 1 5.09 (34,33,15) Literature, in dust
Chlorine - - kg 7.85E-8 7.85E-8 7.85E-8 7.85E-8 1 161 (3/4,33,15); Literature
Cyanide - - kg 6.87E-6 6.87E-6 6.87E-6 6.87E-6 1 1.61 (34,3,3,15); Estimation
Fluorine - - kg 3.88E-8 3.88E-8 3.88E-8 3.88E-8 1 161 (3,4,3,3,15); Literature, in dust
Hydrogen sulfide - - kg 5.00E-4 5.00E-4 5.00E-4 5.00E-4 1 1.61 (3,4.3,3,1,5); Estimation
Hydrogen fluoride - - kg 5.00E-4 5.00E-4 5.00E-4 5.00E-4 1 1.61 (3,4,3,3,1,5); Estimation
Iron - - kg 3.88E-6 3.88E-6 3.88E-6 3.88E-6 1 5.09 (34,33,15) Literature, in dust
Lead = = kg 3.44E-7 3.44E-7 3.44E-7 3.44E-7 1 509 (34,3,3,15); Literature, in dust
Mercury - - kg 7.85E-9 7.85E-9 7.85E-9 7.85E-9 1 5.09 (34,3,3,1,5); Literature, in dust
N -meth latils i
MVOC, non-methane volatile organic kg 9.60E-5 9.60E-5 9.60E-5 960E5 1 161 (3433.15) Literatre

compounds, unspecified origin
(3,2,2,1,1,3); Calculation based on

Nitrogen oxides - - kg 9.74E-3 9.74E-3 9.74E-3 9.74E-3 1 152
environmental report
Particulates, > 10 um - - kg 7.75E3 7.75E-3 7.75E-3 7.75E-3 1 152 $22113); Calculation based on
environmental report
Potassium - - kg 6.20E-5 6.20E-5 6.20E-5 6.20E-5 1 5.09 (3,4,3,3,1,5); Literature, in dust
Silicon - - kg 751E-3 751E-3 751E-3 751E-3 1 5.09 (3,4,3.3,1,5); Literature, SiO2 in dust
Sodium - - kg 7.75E-7 7.75E-7 7.75E-7 7.75E-7 1 5.09 (34,33,15) Literature, in dust
Sulfur dioxide - - kg 12262 12262 12262 12262 1 113 ©22113);Calculationbased on
environmental report
Tin - - kg 7.85E-9 7.85E-9 7.85E-9 7.85E-9 1 5.09 (34,3,3,15); Literature, in dust

3.4.2 Electronic grade silicon

Tab. 3.5 and Tab. 3.6 show the unit process data of the electronic grade silicon produc-
tion in China (CN), North America (US), Asia & Pacific (APAC) and Europe (DE). The
South Korean electricity mix is selected for the APAC region, because South Korea
produces the highest share of electronic grade silicon in the APAC region. The US elec-
tricity mix is used to model electricity consumption in the North American production.

All other data about material and energy consumption as well as about emissions corre-
spond to the life cycle inventory data of electronic grade (and off-grade) silicon pub-
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lished by Jungbluth et al. (2012). The European (DE) and Chinese (CN) production of

solar and electronic grade silicon remain unchanged.

Tab. 3.5 Unit process data of electronic grade silicon production in China (CN) and North America

(US)

Name

Location

InfrastructureProcess
Unit

silicon, electronic grade, at plant

silicon, electronic grade, off-grade, at plant
silicon, electronic grade, at plant

silicon, electronic grade, off-grade, at plant

resource, in water Water, cooling, unspecified natural origin

MG-silicon, at plant

MG-silicon, at plant

polyethylene, HDPE, granulate, at plant
hydrochloric acid, 30% in H20, at plant
hydrogen, liquid, at plant

tetrafluoroethylene, at plant

sodium hydroxide, 50% in H20, production mix,
atplant

graphite, at plant
transport transport, lorry >16t, fleet average

transport, freight, rail

water, completely softened, at plant

heat, at cogen 1MWe lean burn, allocation
exergy

electricity, at cogen 1MWe lean burn, allocation
exergy

electricity, hydropower, at run-of-river power
plant

energy

electricity, medium voltage, at grid
electricity, medium voltage, at grid

electricity, medium voltage, at grid
disposal, plastics, mixture, 15.3% water, to
municipal incineration

silicone plant

waste

emission air, high
population density

Heat, waste

emission water, river AOX, Adsorbable Organic Halogen as CI
BODS5, Biological Oxygen Demand
COD, Chemical Oxygen Demand
Chloride

Copper, ion

Nitrogen

Phosphate

Sodium, ion

Zinc, ion

Iron, ion

DOC, Dissolved Organic Carbon

TOC, Total Organic Carbon
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Location

CN
CN
us
us

CN
us

RER

RER

RER

RER

RER

RER

RER

CN

us

KR

CH
RER

InfrastructurePr

oocoo

o oo

ocess

Unit

kg
kg
kg
m3
kg
kg

kg
kg
kg
kg
kg

kg

tkm

kg

kwh
kwh
kWh
kwh
kwh

kg

unit

kg
kg
kg
kg
kg
kg
kg
kg
kg
kg
kg

kg

silicon,

electronic

grade, at
plant

CN
0
kg
1
0
0
0
6.23E+1

1.05E+0
0

6.79E-4
1.43E+0
8.97E-2
6.39E-4
4.63E-1

7.10E-4
2.15E+0

9.31E-2
1.85E+1
1.74E+2
0
0
1.63E+2
0
0

1.32E-3
1.07E-11

3.92E+2

1.26E-5
2.05E-4
2.02E-3
3.60E-2
1.02E-7
2.08E-4
2.80E-6
3.38E-2
1.96E-6
5.61E-6
9.10E-4

9.10E-4

silicon,

electronic
grade, off-
grade, at plani

CN
0

kg

0

1

0

0
1.66E+1

1.05E+0
0

1.81E-4
3.82E-1
2.39E-2
1.70E-4
1.24E-1

1.89E-4
2.15E+0

2.48E-2
4.94E+0
4.65E+1
0
0
4.35E+1
0
0

3.52E-4
2.84E-12

1.05E+2

3.37E-6
5.46E-5
5.39E-4
9.60E-3
2.73E-8
5.53E-5
7.48E-7
9.01E-3
5.23E-7
1.50E-6
2.43E-4

2.43E-4

silicon,
electronic
t grade, at plant

us
0

kg

0

0

1

0
6.23E+1

0
1.05E+0

6.79E-4
1.43E+0
8.97E-2
6.39E-4
4.63E-1

7.10E-4
2.15E+0

9.31E-2
1.85E+1
1.74E+2
0
[
[
1.63E+2
0

1.32E-3
1.07E-11

3.92E+2

1.26E-5
2.05E-4
2.02E-3
3.60E-2
1.02E-7
2.08E-4
2.80E-6
3.38E-2
1.96E-6
5.61E-6
9.10E-4

9.10E-4

silicon,
electronic
grade, off-
grade, at plant

us

0

kg

0

[

0

1
1.66E+1

0
1.05E+0

181E-4
3.82E-1
2.39E-2
1.70E-4
124E-1

1.89E-4

2.15E+0

2.48E-2
4.94E+0
4.65E+1
0
0
0
4.35E+1
0

3.52E-4
2.84E-12

1.05E+2

3.37E-6
5.46E-5
5.39E-4
9.60E-3
2.73E-8
5.53E-5
7.48E-7
9.01E-3
5.23E-7
1.50E-6
243E-4

243E-4

UncertaintyType

BoR e e

-

StandardDeviati
on95%

134
126
1.26

169

169
3.05

3.05

GeneralComment

(4,4,3,3,1,5); Literature 1997
(3,1,3,1,1,5); Literature 1998
(3,1,3,1,1,5); Literature 1997
(4,4,4,3,4,5); Literature, Hagedorn,
different plastics

(3,na,1,1,1,na); Estimation, produced
on site

(4,4,3,3,1,5); Literature 1997, produced
on site

(4,4,4,3,45); Hagedorn 1992, fittings

(4,4,33,1,5); Literature 1997,
neutralization of wastes

(4,4,4,3,4,5); Hagedorn 1992, graphite

(4,5,na,na,na,na); Standard distances
100km, MG-Si 2000km

(4,5,na,na,na,na); Standard distances
200km

(2,2,1,1,3,3); Environmental report 2002

(3.1,3,1,1,5); Literature 1997, basic
uncertainty=1.5
(3,1,3,1,1,5); Literature 1997, basic
uncertainty = 1.5
(3,1,3,1,1,5); Literature 1997, basic
uncertainty = 1.5
(3,1,3,1,1,5); Literature 1997, basic
uncertainty = 1.5
(3,1,3,1,1,5); Literature 1997, basic

(3,1,3,1,1,5); Literature 1997, basic
uncertainty = 1.5

(4,4,4,3,45), Hagedorn 1992

(1,1,1,1,3,3); Estimation
(1,2,1,1,3,3); Calculation with electricity
use minus 180 MJ per kg produced
silicon

(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
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Tab. 3.6

products

resource, in water
technosphere

transport

energy

waste

emission air, high
population density

emission water, river
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Unit process data of electronic grade silicon production in Asia & Pacific (APAC) and Europe

(DE)

Name

Location

InfrastructureProcess
Unit

silicon, electronic grade, at plant
silicon, electronic grade, off-grade, at plant
silicon, electronic grade, at plant
silicon, electronic grade, off-grade, at plant
Water, cooling, unspecified natural origin
MG-silicon, at plant
MG-silicon, at plant

polyethylene, HDPE, granulate, at plant
hydrochloric acid, 30% in H20, at plant
hydrogen, liquid, at plant

tetrafluoroethylene, at plant

sodium hydroxide, 50% in H20, production mix,
atplant

graphite, at plant
transport, lorry >16t, fleet average

transport, freight, rail

water, completely softened, at plant

heat, at cogen 1MWe lean burn, allocation
exergy

electricity, at cogen 1MWe lean burn, allocation
exergy

electricity, hydropower, at run-of-river power
plant

electricity, medium voltage, at grid
electricity, medium voltage, at grid

electricity, medium voltage, at grid

disposal, plastics, mixture, 15.3% water, to
municipal incineration
silicone plant

Heat, waste

AOX, Adsorbable Organic Halogen as CI
BODS, Biological Oxygen Demand
COD, Chemical Oxygen Demand
Chloride

Copper, ion

Nitrogen

Phosphate

Sodium, ion

Zinc, ion

Iron, ion

DOC, Dissolved Organic Carbon

TOC, Total Organic Carbon

3.4.3 Solar grade silicon

Tab. 3.7 shows the unit process data of solar grade silicon production in Europe (RER),
China (CN), North America (US) and Asia & Pacific (APAC). The South Korean elec-
tricity mix is selected for the APAC region, because South Korea produces the highest
share of solar grade silicon in the APAC region. Electricity from hydro power is chosen
to model electricity consumption in the North American production, since one of the
most important North American producers mainly relies on hydroelectric power.

Location

DE
DE
APAC
APAC

NO
APAC

RER

RER

RER

RER

RER

RER

CN

us

KR

CH

InfrastructurePr

© oo . o000

ocess

Unit

tkm

tkm

kwh

kwh

kwh

kwh

kwh

unit

silicon,
electronic
grade, at plant

APAC

0

kg

0

0
1.00E+00

0
6.23E+1

0
1.05E+0

6.79E-4
1.43E+0
8.97E-2
6.39E-4
4.63E-1

7.10E-4

2.15E+0

9.31E-2
1.85E+1
1.74E+2

0

0

0

0
1.63E+2

1.32E-3
1.07E-11

3.92E+2

1.26E-5
2.05E-4
2.02E-3
3.60E-2
1.02E-7
2.08E-4
2.80E-6
3.38E-2
1.96E-6
5.61E-6
9.10E-4

9.10E-4

silicon,
electronic
grade, off-
grade, at
plant

APAC

0

kg

0

0

0

1.00E+00

1.66E+1

0
1.05E+0

1.81E-4
3.82E-1
2.39E-2
1.70E-4
1.24E-1

1.89E-4

2.15E+0

248E-2
4.94E+0
4.65E+1

0

0

0

0
4.35E+1

3.52E-4
2.84E-12

1.05E+2

3.37E-6
5.46E-5
5.39E-4
9.60E-3
273E-8
5.53E-5
7.48E-7
9.01E-3
5.23E-7
1.50E-6
2.43E-4

243E-4

silicon, electronic
grade, at plant

DE

0

kg
1.00E+00

0

0

0
6.23E+01
1.05E+00

0

6.79E-04
1.43E+00
8.97E-02
6.39E-04
4.63E-01

7.10E-04

2.15E+00

9.31E-02
1.85E+01
1.74E+02
1.24E+02
3.92E+01
0.00E+00
0.00E+00
0.00E+00

1.32E-03
1.07E-11

3.92E+02

1.26E-05
2.05E-04
2.02E-03
3.60E-02
1.02E-07
2.08E-04
2.80E-06
3.38E-02
1.96E-06
5.61E-06
9.10E-04

9.10E-04

silicon, electronic
grade, off-grade, at
plant

DE

0

kg

0
1.00E+00

0

0
1.66E+01
1.05E+00

0

1.81E-04
3.82E-01
2.39E-02
1.70E-04
1.24E-01

1.89E-04
2.15E+00

2.48E-02
4.94E+00
4.65E+01
3.31E+01
1.05E+01
0.00E+00
0.00E+00
0.00E+00

3.52E-04
2.84E-12

1.05E+02

3.37E-06
5.46E-05
5.39E-04
9.60E-03
2.73E-08
5.53E-05
7.48E-07
9.01E-03
5.23E-07
1.50E-06
2.43E-04

2.43E-04

UncertaintyType

StandardDeviati
on95%

134
1.26
1.26

1.69
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GeneralComment

(4,4,3,3,1,5); Literature 1997
(3,1,3,1,1,5); Literature 1997
(3,1,3,1,1,5); Literature 1998
(4,4,434,5); Literature, Hagedorn,
different plastics

(3,na,1,1,1,na); Estimation, produced
on site

(4,4,3,3,1,5); Literature 1997, produced
on site

(4,4,43,4,5); Hagedorn 1992, fittings

(4,4,3,3,1,5); Literature 1997,
neutralization of wastes

(4,4,43,4,5); Hagedorn 1992, graphite

(4,5,na,na,na,na); Standard distances
100km, MG-Si 2000km

(4,5,na,na,na,na); Standard distances
200km

(2,2,1,1,3,3); Environmental report 2002

(3,1,3,1,1,5); Literature 1997,
uncertainty= 1.5
(3,1,3,1,1,5); Literature 1997,
uncertainty=1.5
(3,1,3,1,1,5); Literature 1997,
uncertainty = 1.5
(3,1,3,1,1,5); Literature 1997,
uncertainty=1.5
(3,1,3,1,1,5); Literature 1997,
uncertainty = 1.5
(3,1,3,1,1,5); Literature 1997,
uncertainty = 1.5

basic
basic
basic
basic
basic

basic

(4,4,4,3,4,5), Hagedorn 1992

(1,1,1,1,3,3); Estimation
(1,2,1,1,3,3); Calculation with electricity
use minus 180 MJ per kg produced
silicon

(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
(1,2,1,1,3,3); Environmental report
2002, average Si product
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All other data about material and energy consumption as well as about emissions corre-
spond to the life cycle inventory data of solar grade silicon published by Jungbluth et al.
(2012).

Tab. 3.7 Unit process data of solar grade silicon production in Europe (RER), China (CN), North Amer-
ica (US) and Asia & Pacific (APAC).

c é 2 silicon, solar silicon, solar silicon, solar silicon, solar £ a8 §
s S§ - i i i ifed § E o
Name ] % & 2 grade, modified  grade, modified  grade, modified  grade, modified g 82 GeneralComment
g ©g& Siemens process, Siemens Siemens Siemens g8 E2
- Ec atplant process, atplant process, atplant process, atplant S % S
Location RER CN us APAC
InfrastructureProcess 0 0 0 0
Unit kg kg kg kg
product silicon, solar grade, modified Siemens process, RER 0 i 1 0 0 0
atplant
product silicon, solar grade, modified Siemens process, cN 0 kg 0 1 0 0
atplant
product silicon, solar grade, modified Siemens process, us 0 kg 0 0 1 0
atplant
product silicon, solar grade, modified Siemens process, APAC 0 kg 0 0 0 1
atplant
technosphere MG-silicon, at plant NO 0 kg 1.13E+0 0 0 0 1 110 (2,3,1,2,1.3);Literature
MG-silicon, at plant CN 0 kg 0 1.13E+0 0 0 1 110 (2,3,1,2,13); Literature
MG-silicon, at plant US 0 kg 0 0 1.13E+0 0 1 110 (2,3,1,2,1,3); Literature
MG-silicon, at plant APAC 0 kg 0 0 0 1.13E+0 1 110 (2,3,1,2,1,3); Literature
(3,3,1,2,1,3); de Wild 2007, share of
hydrochloric acid, 30% in H20, at plant RER 0 kg 1.60E+0 1.60E+0 1.60E+0 1.60E+0 1 114 NaOH,HCland H2 estimated with EG-Si
data
(3,3,1,2,1,3); de Wild 2007, share of
hydrogen, liquid, at plant RER 0 kg 5.01E-2 5.01E-2 5.01E-2 5.01E-2 1 114 NaOH,HCland H2 estimated with EG-Si
data
i i (3.3,1.2,1,3); de Wild 2007, share of
9
::’dl'::t' helioxelb Ol zeipiocucionl LN = PR N 3.48E-1 3.48E-1 3.48E-1 348E-1 1 114 NaOH,HCland H2 estimated with EG-Si
P data
transport, lorry >16t, fleet average RER 0 tkm 2.66E+0 2.66E+0 2.66E+0 2.66E+0 1 209 (Snananana);Distance 2000km plus
100 km for chemicals
transport, freight, rail RER 0 tkm 2.40E40 2.40E40 2.40E+0 2.40E+0 1 200 (Snananana)600km forchemicals
including solvent
transport, transoceanic freight ship OCE 0 tkm 5.30E+0 0 0 0 1 206 (2:3,2.2:3.2); Transport of REC silicon
from US to European market
electricity, at cogen 1MWe lean burn, allocation R0 [ e @ 9 2 1 110 (231213)0n-site plantof Wacker in
exergy Germany
(2,3,1,2,1,3); production of REC and of
-of- +
electricity, hydropower, at run-of-river power plant  RER 0 kWh 6.17E+1 0 1.10E+2 0 1 110 Wackers hydropower plant
electricity, medium voltage, atgrid NO 0 kwh  125E+1 o 0 0 1 110 (B312L3)producton ofElkem in
Norway
electricity, medium voltage, at grid CN 0 kwh 0 1.10E+2 0 0 1 110 (2,3,1,2,13);productionin China
electricity, medium voltage, at grid US 0 kwh 0 0 0 0 1 110 (2,3.12.1,3); production in US
electricity, medium woltage, at grid KR 0  kwWh 0 0 0 1.10E+2 1 110 (2,3,1,2,1.3); production in Asia and Pacific
heat, atcogen 1MWe lean burn, allocation exergy RER 0 M) 1.85E+2 1.85E+2 1.85E+2 1.85E+2 1 110 (2,31,21,3);literature, for process heat
silicone plant RER 1 unit 1.00E-11 1.00E-11 1.00E-11 1.00E-11 1 305 (1,3,1,233); Estimation
emission air  Heat, waste - - M) 3.51E+2 3.51E+2 3.51E+2 3.51E+2 1 110 (2,3,1,2,1,3); Calculation
EMISSIoN -, adsorbable Organic Halogen as CI - - kg 1.26E-5 1.26E-5 1.26E-5 1.26E-5 1 156 (-+2113.3); Environmental report 2002,
water, river average Si product
BODS, Biological Oxygen Demand - - kg 2.05E-4 2.05E-4 2.05E-4 2.05E-4 1 1se (121133) Environmental report 2002,
average Si product
COD, Chemical Oxygen Demand - - kg 2.02E-3 2.02E-3 2.02E-3 2.02E-3 1 156 (121133); Environmental report 2002,
average Si product
Chloride - -k 3.60E-2 3.60E-2 3.60E-2 3.60E-2 1 aos (h211.33)Environmental report 2002,
average Si product
Copper, ion - -k 10267 10267 10267 1.02E-7 1 506 (121133);Environmental report 2002,
average Si product
Nitrogen - -k 2.08E-4 2.08E-4 2.08E-4 2.08E-4 1 156 (121133 Environmental report 2002,
awverage Si product
Phosphate - - kg 2.80E-6 2.80E-6 2.80E-6 2.80E-6 1 156 (121133); Environmental report 2002,
average Si product
Sodium, ion - - kg 3.38E-2 3.38E-2 338E-2 3.38E-2 1 156 (H21133):Environmental report 2002,
average Si product
Zinc, ion - - kg 1.96E-6 1.96E-6 1.96E-6 1.96E-6 1 506 (Lb21133);Environmental report 2002,
average Si product
ron, ion - - kg 561E-6 561E-6 5.61E-6 5.61E-6 1 506 (1+21133); Environmental report 2002,
average Si product
DOC, Dissolved Organic Carbon - -« 9.10E-4 9.10E-4 9.10E-4 91064 1 s (1211:33);Enironmentalreport 2002,
average Si product
TOC, Total Organic Carbon - - kg 9.10E-4 9.10E-4 9.10E-4 9.10E-4 1 156 (1+21133); Environmental report 2002,

average Si product

3.4.4 Silicon production mix

Tab. 3.8 shows the unit process data of the silicon production mixes of global and Euro-
pean production (GLO), China (CN), North America (US) and Asia & Pacific (APAC).
The shares of the different world regions are based on the production volumes shown in
Tab. 3.1. The shares of the different silicon qualities used in producing polysilicon,
electronic grade (14.6 %), off-grade (5.2 %) and solar grade (80.2 %) according to
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Jungbluth et al. (2012), are assumed to be the same in all four world regions. The shares
shown in Tab. 3.1 are multiplied with the shares of the different silicon qualities accord-
ing to Jungbluth et al. (2012), resulting in the shares given in Tab. 3.8.

Tab. 3.8 Unit process data of the silicon production mixes of global and European production (GLO),
China (CN), North America (US) and Asia & Pacific (APAC).

P I
8 g g
8 S5
c o silicon, silicon, silicon, silicon, E &
g % = ion mix, mix, ion mix, jonmix £ 3
g S5 E £
Name g 2 5 s et s i s et ics,at 8 % & GeneralComment
- 2 plant plant plant plant § K}
8 5 e
= 8
£ 2]
Location CN GLO us APAC
InfrastructureProcess 0 [ 0 0
Unit kg kg kg kg
product silicon, production mix, photovoltaics, at plant CN 0 kg 1 0 0 0
silicon, production mix, photovoltaics, at plant GLO 0 kg 0 1 0 0
silicon, production mix, photovoltaics, at plant US 0 kg 0 0 1 0
silicon, production mix, photovoltaics, at plant APAC O kg 0 0 0 1
technospher |
5 silicon, electronic grade, at plant CN 0 kg 7.4% 0.0% 0.0% 0.0% 1 111 (3,1,1,1,1,1); Literature
silicon, electronic grade, off-grade, at plant CN 0 kg 27% 0.0% 0.0% 0.0% 1 111 (3,1,1,1,1,1); Literature
silicon, solar grade, modified Siemens process, atplant ~ CN 0 kg 40.7% 0.0% 0.0% 0.0% 1 111 (3,1,1,1,1,1); Literature
silicon, electronic grade, at plant DE 0 kg 1.6% 14.6% 0.0% 0.0% 1 111 (3,1,1,1,1,1); Literature
silicon, electronic grade, off-grade, at plant DE 0 kg 0.6% 5.2% 0.0% 0.0% 1 111 (3,1,11,11); Literature
silicon, solar grade, modified Siemens process, atplant RER 0 kg 9.0% 80.2% 0.0% 0.0% 1 111 (31,1,1,1,1); Literature
silicon, electronic grade, at plant us 0 kg 3.4% 0.0% 14.6% 0.0% 1 111 (3,1,1,1,1,1); Literature
silicon, electronic grade, off-grade, at plant US 0 kg 1.2% 0.0% 5.2% 0.0% 1 111 (3,1,11,11); Literature
silicon, solar grade, modified Siemens process, at plant us 0 kg 18.5% 0.0% 80.2% 0.0% 1 111 (3,1,1,1,1,1); Literature
silicon, electronic grade, at plant APAC 0 kg 2.2% 0.0% 0.0% 14.6% 1 111 (31,1,1,1,1) Literature
silicon, electronic grade, off-grade, at plant APAC 0 kg 0.8% 0.0% 0.0% 5.2% 1 111 (3,1,1,1,1,1); Literature
silicon, solar grade, modified Siemens process, atplant APAC 0 kg 12.0% 0.0% 0.0% 80.2% 1 111 (31,1,1,1,1) Literature

(4,5,na,na,na,na); (4,5,na,na,na,na); Import
transport, transoceanic freight ship OCE 0 tkm 7.72E+0 - - - 1 2.09 ofmodules from CN-EU: 19994 km, CN-US:
20755 km, CN-APAC: 4584 km

(4,5,na,na,na,na); (4,5na,na,na,na);
Standard distance 200km
2.09 (4,5.na,nanana); (4,5nananana);

transport, freight, rail RER 0 tkm 2.00E-1 2.00E-1 2.00E-1 2.00E-1

-

transport, lorry >16t, fleet average RER 0 tkm 5.00E-2 5.00E-2 5.00E-2 5.00E-2

-

3.5 Single and multi-crystalline silicon

Tab. 3.9 and Tab. 3.10 show the unit process data of the single- and multi-crystalline
silicon production in Europe (RER), China (CN), North America (US) and Asia & Pa-
cific (APAC). The South Korean electricity mix is selected for the APAC region, be-
cause South Korea produces the highest share of single-and multi-crystalline silicon in
the APAC region. The US electricity mix is chosen to model electricity consumption in
the North American production.

The LCI data on material and energy consumption as well as about emissions are updat-
ed based on LCI data of single- and multi-crystalline silicon published by de Wild-
Scholten (2014).
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Tab. 3.9 Unit process data of the single-crystalline silicon production in Europe (RER), China (CN),
North America (US) and Asia & Pacific (APAC); red added exchanges compared to Jungbluth
etal. (2012).

® CZsingle Czsingle Czsingle czsingle 2 3
§ 28 - crystalline crystalline crystalline cystaline 2 S 3
Name § 28 5 silicon, silicon, silicon, siicon, & 5 GeneralComment
S g«¢ at at ics, at at § £2
£ plant plant plant plant 58
Location cN us APAC RER
InfrastructureProcess 0 [) 0 0
Unit kg kg kg kg
product CZsingle crystalline silicon, photowltaics, atplant ~ CN 0 kg 1 ) [) [}
CZsingle crystalline silicon, photovoliaics, at plant Us 0 kg 0 1 0 0
CZsingle crystalline silicon, photowltaics, atplant ~ APAC 0 kg 0 0 1 0
Czsingle crystalline silicon, photowltaics, atplant ~ RER 0 kg 0 0 ) 1
(1.4.1.2,1,5); de Wild-Scholten (2014) Life Cycle of
resource, in water Water, cooling, unspecified natural origin - - m3  509E+0 5.09E+0 5.00E+0 090 1 L2s e 2011, Part Data Collenion (abie ©)
(141,2,1,5); de Wild-Scholten (2014) Life Cycle of
W ey (i) 1 124 o) Slovoltaics Status 2011, Part 1 Data Collection (table 9)
. . . (141,2,1,5); de Wild-Scholten (2014) Life Cycle of
technosphere  electricity, medium voltage, production ENTSO, atgrid ENTSO 0 kWh BBZEML 1 Laa e 2011 Part 1 Data Collosion (abie ©)
) (1.4,1,2,1,5); de Wild-Scholten (2014) Life Cycle of
eecnctimediipiatacelaliid @& @ GEr=E - - - 1 124 b otovoltaics Status 2011, Part 1 Data Collection (table 9)
(141,2,1,5); de Wild-Scholten (2014) Life Cycle of
cectcimethpisiaoelatand U 0 ¥ Az 1 124 o) Slovoltaics Status 2011, Part 1 Data Collection (table 9)
) . " 3 (141,2,1,5); de Wild-Scholten (2014) Life Cycle of
electricity, medium voltage, at grid KR 0 kwh 6.82E+1 L2 e St 2011, art 1 DA Colloson (able 9)
natural gas, burned in industrial furnace low-NOX (14,1,2,1,5); de Wild-Scholten (2014) Life Cycle of
>100kW =R O Ger=A CS2EL C2E 682841 1 124 by iovoltaics Status 2011, Part 1 Data Collection (table 9)
(14,1,2,1,5); de Wild-Scholten (2014) Life Cycle of
water tap water, atuser RER 0 kg 9.41E41 9.41E41 9.41E+1 SAIEH 1 L2s e 2011, Part1 Data Collenion (abe ©)
(1,4,1,2,1,5); de Wild-Scholten (2014) Life Cycle of
water water, deionised, at plant CH 0 kg 401E+0 4.01E+0 401E+0 AOLER 1 2n e 01 par 1 Data Colloston (ablo &)
. i . § (1.4,1,2,1,5); de Wild-Scholten (2014) Life Cycle of
silicon, production mix, photowltaics, at plant 6o 0 kg TRIEL L 126 e 2011 bart 1 Data Collontin (bls 9)
(141,2,1,5); de Wild-Scholten (2014) Life Cycle of
silicon, production mix, photowltaics, at plant CN 0 kg 7.81E-1 L2 Gt 2011, Par 1 DA Collosion (able 9)
) 3 . . (141,2,1,5); de Wild-Scholten (2014) Life Cycle of
silicon, production mix, photovoltaics, at plant Us 0 kg 781E-1 L2 St 2011, art 1 DA Collosion (able 9)
B . " ’ ) (1.4,1,2,1,5); de Wild-Scholten (2014) Life Cycle of
silicon, production mix, photowltaics, at plant APAC 0 kg 781E-1 L 2n s 2011, Part 1 Data Callastion (atls 8
: (141.2,1,5); de Wild-Scholten (2014) Life Cycle of
materials argon, liquid, at plant RER 0 kg 1.00E+0 1.00E+0 10040 L0001 L2s e 2011, Part 1 Data Collenion (abie ©)
» y y ’ (3.433.3,3.5); de Wild-Scholten (2014) Life Cycle of
hydrogen fiuoride, at plant GO 0 kg 1.00E-2 100E-2 100E-2 LOEZ 1 136 e 2011 part 1 Data Colloston (abie 8
y y y y (3.4.3.3:3.5); de Wild-Scholten (2014) Life Cycle of
nitrc acid, 50% in H20, at plant RER 0 kg 6.68E-2 6.68E-2 6.68E-2 BEBE2 L 136 L e 2011 bart 1 Data Collontion (bls 9)
(3.43.3:3.5); de Wild-Scholten (2014) Life Cycle of
Beettaiibesinlzelatpiant R @ (g - - - - 1 136 oy tovoltaics Status 2011, Part 1 Data Collection (table 9)
(3.433.3,3.5); de Wild-Scholten (2014) Life Cycle of
XS, eI BERIC] 1 136 o otovoltaics Status 2011, Part 1 Data Collection (table 9)
sodium hydroxide, 50% in H20, production mix, at y y § y (3.4.3.3:3.5); de Wild-Scholten (2014) Life Cycle of
plant RER 0 kg 41562 4152 41582 415E2 1 136 b oovoltaics Status 2011, Part 1 Data Collection (table 9)
(1.4,1.2,1,5); de Wild-Scholten (2014) Life Cycle of
ceramic tiles, at regional storage CH 0 kg 167E-1 1.67E-1 1.67E-1 167E-1 1 124 Photovoltaics Status 2011, Part 1 Data Collection (table 9)
lime, hydrated, packed, at plant CH 0 kg 22262 22062 22262 222E2 1 136 (343.335);waste water reatment, Hagedom 1992
v
transport transport, lorry >16t, fleet average RER 0 tkm 91261 9.12E-1 9121 9.12E-1 1 209 g‘;ggfr;‘"a'"a'"a)‘ Standard distance 100km, sand 50km, silicon
(4,5.na,na,na,na); de Wild-Scholten (2014) Life Cycle Assessment of
transport,freight, rail RER 0 tm  141E+0 L41E+0 141E+0 LAIE0 1200 e 11, Part1 Dam Collecton (able 9
infrastructure silicone plant RER 1 unit  LOOE-11 100E-11 100E-11  ” LO0E-11 1 305 (12.133);Estimation
disposal, waste, Si waferprod., inorg, 9.4% water, to § § § } (1.4,1,2,1,5); de Wild-Scholten (2014) Life Cycle of
residual material landill CH 0 kg L7EL L67EL LE7EL LO7EL 1 12% pyoiowoltaics Status 2011, Part 1 Data Collection (table 9)
emission air, high (3:32,3,1,5); de Wild-Scholten (2014) Life Cycle of
° Heat, e = 246E+2 246E+2 24642 246642 1 12!
population density %" 25 w OE+ OE+ OE+ OE+ ® Photovoltaics Status 2011, Part 1 Data Collection (table 9)
emission water, o . i . . (3.43.3,1,5); de Wild-Scholten (2014) Life Cycle of
river (i kg 1 308 oy tovoltaics Status 2011, Part 1 Data Collection (table 9)
o . i . i (3.43.3,1,5); de Wild-Scholten (2014) Life Cycle of
Lipcaiop=i=necied kg 1 308 b otovoltaics Status 2011, Part 1 Data Collection (table 9)
(3.43.3,1,5); de Wild-Scholten (2014) Life Cycle of
H - - ke 7E-1 7E-1 7E-1 7E-1 1
bz 9 & &5 & ES 308 o otowoltaics Status 2011, Part 1 Data Collection (table )
(3:43.3,1,5); de Wild-Scholten (2014) Life Cycle of
Acetic acid - K - - a - 1 308
etic acl 9 Photowoltaics Status 2011, Part 1 Data Collection (table 9)
BODS, Biological Oxygen Demand B 1.30E-1 1.30E-1 130E-1 13081 1 11,
COD, Chemical Oxygen Demand -k 1.30E-1 1.30E-1 130E-1 13061 1
DOC, Dissolved Organic Carbon B 4.05E-2 4.05E-2 4.05E2 4052 1
TOC, Total Organic Carbon B 4.05E-2 4.05E-2 4.05E2 405E2 1
: 9
— S i ) i i 1 161 (3433,L5) Envionmental report Wacker 2006, 50% of total
emissions
(3.4,3.3,15); de Wild-Scholten (2014) Life Cycle of
(i ees kg ae=e St SECE2 SSeE2 1 181 o stowltaics Status 2011, Part 1 Data Collection (table 9)
Nitrate - -k 8.35E-2 8.35E-2 8.35E-2 8.35E-2 1 161 G43318)de (2014) Life Cycle of

Photovoltaics Status 2011, Part 1 Data Collection (table 9)

25 % of the solar grade silicon input is recycled silicon in case of the CZ single crystal-
line silicon production. This corresponds to an input of 0.26 kg recycled silicon per kg
of CZ single crystalline silicon. The input of recycled silicon is not listed in Tab. 3.9. It
is assumed that recycled silicon mainly arises from the cutting losses of the round sin-
gle-crystalline ingot to the rectangular wafers.

Further details on the recycling shares and the recycling processes can be found in
de Wild-Scholten (2014).
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Tab. 3.10 Unit process data of the multi-crystalline silicon production in Europe (RER), China (CN),
North America (US) and Asia & Pacific (APAC) ; red added exchanges compared to Jungbluth

etal. (2012).

c

2

Name g

-1

3

Location
InfrastructureProcess
Unit

product silicon, multi-Si, casted, at plant CN

silicon, multi-Si, casted, at plant us
silicon, multi-Si, casted, at plant APAC
silicon, multi-Si, casted, at plant RER

resource, in water Water, cooling, unspecified natural origin

tap water, at user RER

technosphere electricity, medium voltage, production ENTSO, atgrid ENTSO

electricity, medium voltage, at grid CN
electricity, medium voltage, at grid us
electricity, medium voltage, at grid KR
argon, liquid, at plant RER
helium, at plant GLO

sodium hydroxide, 50% in H20, production mix, at

RER
plant
nitrogen, liquid, at plant RER
ceramic tiles, atregional storage CH
silicon, production mix, photovoltaics, at plant GLO
silicon, production mix, photovoltaics, at plant CN
silicon, production mix, photovoltaics, at plant us
silicon, production mix, photovoltaics, at plant APAC
transport, lorry >16t, fleet average RER
transport, freight, rail RER
silicone plant RER

emission air Heat, waste

InfrastructureProcess

oo oo

Unit

kg

kg

kg

kg

m3

kg

kWh

kWh

kWh

kwh

kg

kg

kg

kg

kg

kg

kg

kg

silicon, multi-
Si, casted, at
plant

& ©

cocokr

9.43E-1

1.55E+1

2.52E-1

7.76E-5

5.00E-3

3.04E-2

2.14E-1

7.00E-1

7.25E-1

1.55E-1

1.00E-11
5.58E+1

silicon, multi-
Si, casted, at
plant

& o

oo r o

9.43E-1

1.55E+1

2.52E-1

7.76E-5

5.00E-3

3.04E-2

2.14E-1

7.00E-1

7.25E-1

1.55E-1

1.00E-11
5.58E+1

silicon, multi-
Si, casted, at
plant

9.43E-1

1.55E+1

2.52E-1

7.76E-5

5.00E-3

3.04E-2

2.14E-1

7.00E-1

7.25E-1

1.55E-1

1.00E-11
5.58E+1

silicon, multi-
Si, casted, at
plant

=
a

rooo

9.43E-1

1.55E+1

2.52E-1

7.76E-5

5.00E-3

3.04E-2

2.14E-1

7.00E-1

7.25E-1

1.55E-1

1.00E-11
5.58E+1

UncertaintyType
StandardDeviation95

1

1

1

1

B

GeneralComment

(3,4,2,3,1,5); de Wild-Scholten (2014) Life
Cycle Assessment of Photowoltaics Status
2011, Part 1 Data Collection (table 12)
(3,3,2,3,1,5); de Wild-Scholten (2014) Life
Cycle Assessment of Photovoltaics Status
2011, Part 1 Data Collection (table 12)
(1,2,1,1,1,3); de Wild-Scholten (2014) Life
Cycle Assessment of Photovoltaics Status
2011, Part 1 Data Collection (table 12)
(1,2,1,1,1,3); de Wild-Scholten (2014) Life
Cycle Assessment of Photowvoltaics Status
2011, Part 1 Data Collection (table 12)
(1,2,1,1,1,3); de Wild-Scholten (2014) Life
Cycle Assessment of Photowvoltaics Status
2011, Part 1 Data Collection (table 12)
(1,2,1,1,1,3); de Wild-Scholten (2014) Life
Cycle Assessment of Photovoltaics Status
2011, Part 1 Data Collection (table 12)
(1,2,1,1,1,3); de Wild-Scholten (2014) Life
Cycle Assessment of Photowoltaics Status
2011, Part 1 Data Collection (table 12)
(1,2,1,1,1,3); de Wild-Scholten (2014) Life
Cycle Assessment of Photowoltaics Status
2011, Part 1 Data Collection (table 12)
(3,3,2,3,1,5); de Wild-Scholten (2014) Life
Cycle Assessment of Photowvoltaics Status
2011, Part 1 Data Collection (table 12)
(1,2,1,1,1,3); de Wild-Scholten (2014) Life
Cycle Assessment of Photovoltaics Status
2011, Part 1 Data Collection (table 12)
(1,2,1,1,1,3); de Wild-Scholten (2014) Life
Cycle Assessment of Photovoltaics Status
2011, Part 1 Data Collection (table 12)
(1,2,1,1,1,3); de Wild-Scholten (2014) Life
Cycle Assessment of Photovoltaics Status
2011, Part 1 Data Collection (table 12)
(1,2,1,1,1,3); de Wild-Scholten (2014) Life
Cycle Assessment of Photovoltaics Status
2011, Part 1 Data Collection (table 12)
(1,2,1,1,1,3); de Wild-Scholten (2014) Life
Cycle Assessment of Photovoltaics Status
2011, Part 1 Data Collection (table 12)
(1,2,1,1,1,3); de Wild-Scholten (2014) Life
Cycle Assessment of Photovoltaics Status
2011, Part 1 Data Collection (table 12)
(4,5,na,na,na,na); Standard distances 50km,
silicon 1000km

(4,5,na,na,na,na); Standard distances 100km

(1,2,1,1,3,3); Estimation
(3,3,2,3,1,5); Calculation

30 % of the solar grade silicon input is recycled silicon in case of the multi-crystalline
silicon production. This corresponds to an input of 0.3 kg recycled silicon per kg of
multi-crystalline silicon. The input of recycled silicon is not listed in Tab. 3.10. It is
assumed that recycled silicon mainly arises from the cutting losses of the round single-
crystalline ingot to the rectangular wafers (and is used as input for the multi-crystalline

silicon casting).

Further details on the recycling shares and the recycling processes can be found in

de Wild-Scholten (2014).
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3.6 Silicon wafer production

The LCI data on material and energy consumption as well as about emissions are updat-
ed based on LCI data of single- and multi-crystalline silicon published by de Wild-
Scholten (2014).

Tab. 3.11 shows the unit process data of the single- and multi-crystalline silicon wafer
production in Europe (RER), China (CN), North America (US) and Asia & Pacific
(APAC). The Japanese electricity mix is selected for the APAC region, because Japan
produces the highest share of the single-and multi-crystalline wafers in the APAC re-
gion. The US electricity mix is chosen to model electricity consumption in the North
American production.

The LCI data on material and energy consumption as well as about emissions are updat-
ed based on LCI data of single- and multi-crystalline silicon published by de Wild-
Scholten (2014).
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Tab. 3.11 Unit process data of the single- and multi-crystalline silicon wafer production in China (CN)
and North America (US); red added exchanges compared to Jungbluth et al. (2012).

Name 5 ¢ E singleSi muli-Si singleSi muli-Si § £ GeneralComment
§ 8 7 waler, wakrat waler, waferat 2 2
g & photowlt  plant  photowolt  plant £ S
s aics, at aics, at E
3 plant plant g 3
H 5 7
Location cN cN us us
InfrastructureProcess 0 0 0 0
Unit m2 m2 m2 m2
product mult-Si wafer, at plant cN 0 m2 0 1 0 0
single-Si wafer, photowoltaics, at plant CN 0 m2 1 0 0 0
multi-Si wafer, at plant uUs 0 m2 o o o 1
single-Si wafer, photovoltaics, at plant Us 0 m2 0o 0 1 0
mult-Si wafer, at plant APAC 0 m2 0 0 0 0
single-Si wafer, photovoltaics, at plant APAC 0 m2 0 0 0 0
product single-Si water, photovoltaics, at plant RER 0 m2 0 0 0 0
single-Si wafer, electronics, at plant RER 0 m2 0 0 0 0
multi-Si wafer, at plant RER 0 m2 o o o o
mult-Si wafer, ibbon, at plant RER 0 m2 0 0 0 0
technosphere  electricity, medium voltage, production ENTSO, ENTSO 0 kWh - B B - 1 207 (34,13,15); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
atgrid
electricity, medium voltage, at grid CN 0 KWh 257E+1 208E+1 - - 1 207 (34.13,15); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
electricity, medium voltage, at grid Us 0 kwh - - 257E+1 208E+1 1 2,07 (34.13,15)de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
electricity, medium voltage, at grid P 0 kwh - - - - 1 207 (34.13,1,5); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
natural gas, burned in industrial fumace low- ~ RER 0 MJ 400E+0 400E+0 400E+0 400E+0 1 107 (121.1.3);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
NOX>100kW.
water tap water, atuser RER 0 kg 600E3 164E+2 600E3 164E+2 1 107 (121.113);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
water, completely softened, at plant RER 0 kg - - E E 1107 (12.1,1,1,3); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
water, deionised, at plant CH 0 kg 180E+1 B 1.80E+1 - 1 1.26 (3.4,2,3,15); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
material silicon, mult-Si, casted, at plant RER 0 kg - - - E 1107 (12,1,1,1,3); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
Czsingle crystalline silicon, photowltaics,at ~ RER 0 kg - - - -1 107 (121.113); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
plant
silicon, mult-Si, casted, at plant CN 0 kg - L0260 - - 1107 (12.11,1,3); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
CZsingle crystalline silicon, photovoltaics, at CN 0 kg 158E+0 B B B 1 107 (1.2,1,1,1,3); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
plant
silicon, mult-Si, casted, at plant Us 0 kg - - - 102E+0 1 107 (121,1.3); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
CZsingle crystalline silicon, photowoltaics,at ~ US 0 kg - - 1S8ER0 - 1107 (1,2.1,1,3); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
plant
silicon, multi-Si, casted, at plant APAC 0 kg - - - - 1 107 (12.11,1,); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
Czsingle crystalline silicon, photowoltaics,at ~ APAC 0 kg - - - - 1 107 (1,2,1,1,1,3); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
plant
silicon, production mix, photovoltaics, atplant ~ GLO 0 kg - - - E 1107 (12,1,1,1,3); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
silicon carbide, at plant RER 0 kg 620E1 620E1 620E-1 620E1 1 107 (121.113);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
silicon carbide, recycling, at plant RER 0 kg 141E+0 141E+0 141E+0 141E+40 1 107 (12,1.1,13);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
ausiliary graphite, at plant RER 0 kg - = = - 1 1.07 (1,2,1,1,1,3); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
material
flat glass, uncoated, at plant RER 0 kg O99E-3 408E2 999E-3 4.08E2 2 126 (34:2315) de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
argon, liquid, at plant RER 0 kg - - - - 1 126 (34:2.3,15); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
sodium hydroxide, 50% in H20, production mix, RER 0 kg 150E-2 150E-2 1S50E2 150E2 1 107 (1.211.3);de Wild-Scholten (2014)Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
atplant
hydrochloric acid, 30% in H20, at plant RER 0 kg 270E3 270E3 270E3 270E3 1 107 (121.113),de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
acetic acid, 98% in H20, at plant RER 0 kg 390E2 390E2 390E2 390E2 1 107 (121.1.13);de Wild-Scholten (2014)Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
nitric acid, 50% in H20, at plant RER 0 kg - - - - 1 158 (54.13,15); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
riethylene glycol, at plant RER 0 kg 218E1 218E-1 218E-1 218E1 1 107 (121.1.13);de Wild-Scholten (2014)Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
riethylene glycol, recycling, at plant RER 0 kg 195640 195E+0 195E+0 195640 1 107 (12,1.1,13);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
dipropylene glycol monomethyl ether, at plant RER 0 kg 300E-1 300E-1 300E-1 3.00E-1 1 107 (1,2,1,1,13);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
alkyibenzene sulfonate, linear, petrochemical, RER 0 kg 240E-1 240E-1 240E-1 240E-1 1 107 (1.2,1.13);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
atplant
acnylic binder, 34% in H20, at plant RER 0 kg 200E3 38563 200E3 38563 1 107 (121.113),de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
glass wool mat, at plant CH 0 kg - = = - 1 107 (2,2.1,1,1,na); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
paper, woodiree, coated, atintegrated mill RER 0 kg - - - - 1 129 (34.33,15); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
polystyrene, high impact, HIPS, at plant RER 0 kg - - - - 1 134 (44.33,15); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
packaging film, LDPE, at plant RER 0 kg - B B - 1 134 (4.4,33,15); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
brass, at plant CH 0 kg 744E-3 7.44E-3 744E-3 744E-3 1 107 (1,21,1.13); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
steel, low-alloyed, at plant RER 0 kg 79761 79761 797E1 797E1 1 107 (121.113),de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
wire drawing, steel RER 0 kg B0SE1 80SE-1 805E-1 BOSEL 1 107 (12,1.,13)de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
wastes disposal, waste, silicon wafer production, 0% ~ DE 0 kg 110E1 170E1 110E1 170E1 1 107 (1.211.13);de Wild-Scholten (2014)Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
water, to underground deposit
disposal, municipal solid waste, 22.9% water, CH 0 kg - - - - 1 124 (24,13,15); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
to sanitary landfil
disposal, waste, Si waferprod., inorg, 9.4% CH 0 kg - - - - 1 124 (24,13,15), de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
water, to residual material landfll
transport transport, lorry >16t, fleet average RER 0 tkm 929E-1 B846E-1 9.29E-1 846E-1 1 2.09 (4,5nananana);deWild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 19,25)
wransport, freight, rail RER 0 tm 384E+0 386E+0 384E+0 386E+0 1 209 (45nananana); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 19,25)
infrastructure  wafer factory DE 1 unit 400E6 400E6 400E-6 400E6 1 300 (12.1.113);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
emissionair  Heat, waste - - Ml 925E+1 7.49E+1 925E+1 7.49E+1 1 126 (34,13.5), de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
Nitrogen oxides - - kg - - - - 1 158 (24.13,15); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
emission AOX, Adsorbable Organic Halogen as CI - - kg - = = - 1 158 (2,4,13,1,5); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
water, river
Cadmium, ion - - kg - B B - 1 3.06 (2.4,.2,3,15); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
Chromium, ion - - kg = - o B 1 306 (2.4,23,15); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
COD, Chemical Oxygen Demand - - kg 295E-2 295E-2 295E-2 295E-2 1 158 (2,4,1315); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
Copper,ion B - - E E 1 3.06 (24,2,3,15), de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
Lead - - kg - B B - 1 5.07 (2,4,2,3,1,5); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
Mercury - - kg - - - - 1 507 (24.23,1,5); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
Nickel, ion - - kg - = = - 1 5.07 (2,4,231,5); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
Nitrogen - - kg - - - - 1 158 (24.13,15); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
Phosphate - - kg - B B B 1 158 (2,4,13,1,5); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
BODS, Biological Oxygen Demand - - kg 29562 295E-2 295E-2 295E-2 1 159 (34,23,15);de Wild-Sch (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
DOC, Dissolved Organic Carbon - - kg 111E2 111E-2 111E-2 111E-2 1 159 (3,4,23,1,5); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
TOC, Total Organic Carbon - - kg L11E2 11162 111E2 111E2 1 159 (34,23.15):de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 19,25)
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Tab. 3.12 Unit process data of the single- and multi-crystalline silicon wafer production in Europe (RER)
and Asia & Pacific (APAC); red added exchanges compared to Jungbluth et al. (2012).

product

product

technosphere

water

material

ausliary
material

wastes

transport

infrastructure
emission air

emission
water, river

Name

Location

InfrastructureProcess
Unit

multi-Si water, at plant

single-Si wafer, photovoliaics, at plant

multi-Si water, at plant

single-Si wafer, photovoliaics, at plant

multi-Si wafer, at plant

single-Si wafer, photovoltaics, at plant

single-Si wafer, photovoltaics, at plant

single-Si wafer, electronics, at plant

multi-Si water, at plant

multi-Si wafer, ribbon, at plant

electicity, medium voltage, production ENTSO,

atgrid
electricity, medium voltage, at grid

electricity, medium voltage, at grid

electricity, medium woltage, at grid

natural gas, burned in industrial fumace low-
NOx >100kwW

tap water, at user

water, completely softened, at plant

water, deionised, at plant

silicon, multi-Si, casted, at plant

Czsingle crystalline silicon, photowoltaics, at
plant

silicon, multi-Si, casted, at plant

CZsingle crystalline silicon, photowoltaics, at
plant

silicon, mult-Si, casted, at plant

CZsingle crystalline silicon, photowoltaics, at
plant

silicon, mult-Si, casted, at plant

CZsingle crystalline silicon, photowoltaics, at
plant

silicon, production mix, photowltaics, at plant
silicon carbide, at plant

silicon carbide, recycling, at plant

graphite, at plant

flat glass, uncoated, at plant
argon, liquid, at plant
sodium hydroxide, 50% in H20, production mix.

atplant
hydrochloric acid, 30% in H20, at plant

acetic acid, 98% in H20, at plant

nitric acid, 50% in H20, at plant

triethylene glycol, at plant

triethylene glycol, recycling, at plant
dipropylene glycol monomethyl ether, at plant
alkylbenzene sulfonate, linear, petrochemical,
atplant

acnyiic binder, 34% in H20, at plant

glass wool mat, atplant

paper, woodfree, coated, atintegrated mill
polystyrene, high impact, HIPS, at plant
packaging film, LDPE, at plant

brass, atplant

steel, low-alloyed, at plant

wire drawing, steel

disposal, waste, silicon wafer production, 0%
water, to underground deposit

disposal, municipal solid waste, 22.9% water,
to sanitary landfill

disposal, waste, Si waferprod., inorg, 9.4%
water, to residual material landfil

wransport lorry >16t, fleet average

wransport, freight, rail

water factory

Heat, waste

Nitrogen oxides.

AOX, Adsorbable Organic Halogen as CI

Cadmium, ion
Chromium, ion

COD, Chemical Oxygen Demand
Copper, ion

Lead

Mercury

Nickel, ion

Nitrogen

Phosphate

BODS, Biological Oxygen Demand
DOC, Dissolved Organic Carbon
TOC, Total Organic Carbon

Location

RER
RER
CH
RER
RER

cN
cN

RER
RER
RER

RER

RER
RER

RER
RER

RER

RER
RER
RER
CH
RER
RER
DE

InfrastructureProcess

ccoocooo

cooocooooo

Unit

tkm

tkm

unit

single-Si
wafer,

photowolt
aics, at
plant

APAC

257E+1
4.00E+0

6.00E-3

180E+1

158E+0

6.20E-1
141E+0

9.99E-3
150E-2

2.70E-3
3.90E-2
2.18E1
1.95E+0
3.00E-1
2.40E-1

3.85E-3

7.44E-3
797E1
8.05E-1
170E-1

9.29E-1
3.84E+0

4.00E-6
9.25E+1

2.95E-2
111E2
111E2

multi-Si
wafer, at
plant

APAC

®

coccocoroocoo3 o

2.08E+1
4.00E+0

164E+2

1.02E+0

6.20E-1
141E+0

4.08E-2
150E-2

270E-3
3.90E-2
218E-1
1.95E+0
3.00E-1
2.40E-1

385E-3

7.44E-3
797E1
8.05E-1
170E-1

8.46E-1
3.86E+0

4.00E-6
7.49E+1

29562

2.95E-2
111E-2
111E-2

single-Si
wafer,

photovolt
aics, at

®

corooocococo3o

0
257E+1

4.00E+0
6.00E-3
180E+1

158E+0

6.20E-1
141E+0

9.99E-3
150E-2

270E-3
3.90E-2
2.18E-1
1.95E+0
3.00E-1
2.40E-1

2.00E-3

7.44E-3
79761
8.05E-1
110E-1

9.29E-1
3.84E+0

4.00E-6
9.25E+1

multi-Si
wafer, at
plant

roococooooo

0
2.08E+1

4.00E+0

164E+2

1.026+0

2.70E-3
3.90E-2

218E-1
1.95E+0

3.00E-1
2.40E-1

8.46E-1
3.86E+0

4.00E-6
749E+1

UncertaintyType

StandardDeviation95%

2,07
2,07
2,07
107

107
107
126

107

107
107

107
107

107
107

107

126
126
107

107
107
158

107
107
107

107

134
107
107
107

107

GeneralComment

Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19.25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)

(3.4,1,3,1.5); de Wild-Scholten (2014) Life Cycle of
Id-Scholten (2014) Life Cycle of
(3.41,3,1.5): de Wild-Scholten (2014) Life Cycle
(3.4,1,3,1.5); de Wild-Scholten (2014) Life Cycle of
(12,1,1,1.3); de Wild-Scholten (2014) Life Cycle of
(121,1,1.3); de Wild-Scholten (2014) Life Cycle of
(12.1,1,1.3); de Wild-Scholten (2014) Life Cycle of
(34.2.3.1,5); de Wild-Scholten (2014) Life Cycle Ass of
1.3); de Wild-Scholten (2014) Life Cycle of
(1,2,1,1,1,3); de Wild-Scholten (2014) Life Cycle of
3); de Wild-Scholten (2014) Life Cycle of
(1,2,1,1,1,3); de Wild-Scholten (2014) Life Cycle of
@2 Id-Scholten (2014) Life Cycle of
@2 Id-Scholten (2014) Life Cycle of
@2 Id-Scholten (2014) Life Cycle of
@2 Id-Scholten (2014) Life Cycle of
Id-Scholten (2014) Life Cycle of
Id-Scholten (2014) Life Cycle of
Id-Scholten (2014) Life Cycle of
(121,1,1.3); de (2014) Life Cycle of
(3.4.2315);de (2014) Life Cycle of
(2014) Life Cycle of
(121,1,1,3); de Wild-Scholten (2014) Life Cycle of
(12,1,1,1,3); de Wild-Scholten (2014) Life Cycle of
1.3); de Wild-Scholten (2014) Life Cycle of
(5.4,1,3,1.5); de Wild-Scholten (2014) Life Cycle of
1,3); de Wild-Scholten (2014) Life Cycle of
(12,1,1,1,3); de Wild-Scholten (2014) Life Cycle of
(12,1,1,1.3); de Wild-Scholten (2014) Life Cycle of
(12.1,1,1,3); de Wild-Scholten (2014) Life Cycle of
(12,1,1,1.3); de Wild-Scholten (2014) Life Cycle of
Id-Scholten (2014) Life Cycle of
Id-Scholten (2014) Life Cycle of
Id-Scholten (2014) Life Cycle of
(4433,1.5);, de (2014) Life Cycle of
(1,2,1,1,1,3); de Wild-Scholten (2014) Life Cycle of
(121,1,1,3); de Wild-Scholten (2014) Life Cycle of
(121,1,1.3); de Wild-Scholten (2014) Life Cycle of
(121,1,1.3); de Wild-Scholten (2014) Life Cycle of
(24,1,3,1.5); de Wild-Scholten (2014) Life Cycle of
(24,1,3,1.5); de Wild-Scholten (2014) Life Cycle of
(455.na,na,na,na); de Wild-Scholten (2014) Life Cycle of
(455.na,na,na,na); de Wild-Scholten (2014) Life Cycle of
Id-Scholten (2014) Life Cycle of
Id-Scholten (2014) Life Cycle of
Id-Scholten (2014) Life Cycle of
Id-Scholten (2014) Life Cycle of
(24,23,1.5);, de (2014) Life Cycle of
23, Id-Scholten (2014) Life Cycle of
Id-Scholten (2014) Life Cycle of
(24,2,3,1.5); de Wild-Scholten (2014) Life Cycle of

Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Statws 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)

(24.2.31.5); de

15);de

(2014) Life Cycle

Tab. 3.13 shows the unit process data of the si
(RER), North America (US) and Asia & Pacific (APAC). The values correspond to the
shares given in Tab. 3.2. The transport distances with freight ships depend on the world

region. Distances of 19°994 km, 20’755 km and 4584 km are assumed for the transport

Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)
Status 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)

Stats 2011, Part 1 Data Collection (Table 19,25)

Status 2011, Part 1 Data Collection (Table 19,25)

licon wafer market mixes in Europe

from China (Shanghai) to Europe (Rotterdam), from China (Shanghai) to North Ameri-
ca (New York) and from China (Shanghai) to APAC (Port Klang), respectively. Fur-
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thermore, 50 km transport by lorry and 200 km transport by train are assumed inde-
pendent of the region.

Tab. 3.13 Unit process data of the silicon wafer market mixes in Europe (RER), North America (US) and
Asia & Pacific (APAC).

single-Si single-Si single-Si

o o o o 23
s 2y _ multi-Si v, multi-Si e, multi-Si W, E. 8 §
= 3¢ E wafer, at 5 wafer, at q wafer, at =1
Name 8 5¢ 5 . photovoltaics, N photovoltaics, ) photowoltaics, € @ € GeneralComment
S B¢ regional > regional > regional > 586
S €a atregional atregional atregional o £ %
E storage storage storage cg
£ storage storage storage S 0
Location RER RER us us APAC APAC
InfrastructureProcess 0 0 0 0 0 0
Unit m2 m2 m2 m2 m2 m2
multi-Si wafer, at regional storage RER 0 m2 1 0 0 0 0 0
single-Si wafer, photowoltaics, at regional RER 0 m2 0 1 0 0 0 0
storage
multi-Si wafer, at regional storage us 0 m2 0 0 1 0 0 0
single-Si wafer, photowoltaics, at regional Us 0 m2 0 0 0 1 0 0
storage
multi-Si wafer, at regional storage APAC 0 m2 0 0 0 0 1 0
single-Si wafer, photowoltaics, at regional APAC O m2 0 0 0 0 0 1
storage
modules multi-Si wafer, at plant RER 0 m2 8.88E-1 - - - - 1 1.56 (5,1,1,1,1,5); Market shares European wafers
single-Si wafer, photovoltaics, at plant RER 0 m2 - 8.88E-1 - = B - 1 1.56 (5,1,1,1,1,5); Market shares European wafers
multi-Si wafer, at plant CN 0 m2 112E-1 - 6.62E-1 - 2.66E-1 - 1 1.56 (5,1,1,1,1,5); Market shares Chinese wafers
single-Si wafer, photowoltaics, at plant CN 0 m2 - 1.12E-1 - 6.62E-1 - 2.66E-1 1 156 (5,1,1,1,1,5); Market shares Chinese wafers
multi-Si wafer, at plant us 0 m2 = 3.38E-1 B = 1 1.56 (5,1,1,1,1,5); Market shares US wafers
single-Si wafer, photowoltaics, at plant us 0 m2 - 3.38E-1 - 1 156 (5,1,1,1,1,5); Market shares US wafers
multi-Si wafer, at plant APAC 0 m2 - 7.34E-1 - 1 1.56 (5,1,1,1,1,5); Market shares APAC wafers
single-Si wafer, photowoltaics, at plant APAC 0 m2 - 7.34E-1 1 1.56 (5,1,1,1,1,5); Market shares APAC wafers
(4,5,na,na,na,na); Import of modules from CN-
transport transport, transoceanic freight ship OCE 0 tkm 2.23E+0 2.23E+0 1.37E+1 1.37E+1 1.22E+0 1.22E+0 1 2.09 EU: 19994 km, CN-US: 20755 km, CN-APAC:
4584 km
transport, freight, rail RER 0 tkm 2.00E-1 2.00E-1 2.00E-1 2.00E-1 2.00E-1 2.00E-1 1 2.09 (4,5,na,na,na,na); Standard distance 200km
transport, lorry >16t, fleet average RER 0 tkm 5.00E-2 5.00E-2 5.00E-2 5.00E-2 5.00E-2 5.00E-2 1 2.09 (4,5,na,na,na,na); Standard distance 50km

3.7 Photovoltaic cell, laminate and panel production

3.7.1 Photovoltaic cells

The LCI data on material and energy consumption as well as about emissions are updat-
ed based on LCI data of single- and multi-crystalline cells published by de Wild-
Scholten (2014).

Tab. 3.14 and Tab. 3.15 show the unit process data of the photovoltaic cell production
in Europe (RER), China (CN), North America (US) and Asia & Pacific (APAC). The
Japanese electricity mix is selected for the APAC region, because Japan produces the
highest share of single-and multi-crystalline cells in the APAC region. The US electrici-
ty mix is chosen to model electricity consumption in the North American production.

The LCI data on material and energy consumption as well as about emissions are updat-
ed based on LCI data of single- and multi-crystalline cells published by de Wild-
Scholten (2014).

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain treeze Ltd.
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Tab. 3.14 Unit process data of the photovoltaic cell production in China (CN) and North America (US);
red added exchanges compared to Jungbluth et al. (2012).

2
£
< g
5 & .
Name g 5
H
£
Locaiion
nfiastrucureprocess

Unit

Photovoltaic cell, mult-Si,at plant N 0 me 0 1 [ [
photovoltaic cel, single-Si,at plant oN 0 m 1 [ o o
photovoltaic cell, mult-Si, at plant us o0 m 0 o o 1
PEEEe plant us 0 m2 o o 1 o
photovoltaic cell, mul APAC 0 m2 o o o o
photovoltaic cell, single-Si upl APAC 0 m2 0 o o o
photovoltaic cell, single-Si, at plant RER 0 m2 0 o o o
photovoltaic cell, mult-Si,atp RER 0 m2 0 o o o
photovoltaic cll ribbon-Si, at lant RER 0 m2 0 o o o
Water, cooling, unspecified natural origin --om - - - 1107 (2111 (2014) Life Cel Status 2011, Part 1 (Table 3031)
tap water, atuser RER 0 kg 171Es2  251E+2 1716+  251E:2 1 107 (12.113)de Wild-Scholten (2014) Life Cycle Assessmentof Photowoltaics Status 2011, Part 1 Data Collection (Table 30,31)
;:’"'"‘"'V' medium woliage, production ENTSO.at gy o jown - - - - 1107 (121113);de Wild-Scholten (2014) Life Cycl Status 2011, Part 1 (Table 30,31)
electicity, medium wltage, atgrid CN 0 KWh 14441 144Ee1 - B 1107 (2141 (2014) Life Cycl Status 2011, Part 1 (Table 3031)
electrcity, medium voltage, atgrid Us 0 kwh 140E4 La4ERL 1107 (12111 (2014) Life Cyel Status 2011, Part 1 (Table 30.31)
electrcity, medium voltage, at grid P 0 kwh 1107 (12,1,1.3): de Wild-Scholten (2014) Life Cycl Status 2011, Part 1 (Table 30.31)
Jota gas bUMedinindusTAI NS NN er o W) GosE2 24761 G0BE2 24761 1 107 (12.1113)deWid-Scholten (2014) il Cycl Status 2011, Part1 (Table 3031)
e bumed in ndustial fumace IMLONgeg oy - 27083 - 2703 1 (2014) Life Cyci Status 2011, Part 1 (Table 3031)
photowoltaic cell factory. DE 1 unt 400E7  400E7  400E7  4Q0ET 1 3 fen (2014) Life Cycle Status 2011, Part 1 (Table 3031)
mult-Si water, at regional storag RER 0 m2 1 1,3);de Wild-Scholten (201¢) Life Cycle Assessmentof Photovoliaics Status 2011, Part 1 Data Collection (Table 30,31)
R e e ) auegmnal swage  RER 0 m2 - - - - 1300 (12.111,9) de WidSchoten (zou) L G Status 2011, Part 1 (Table 30,31)
mult-Si water, ribbon, at plant RER 0 m2 - - - - 1107 @211 (2014) Life Cyci Status 2011, Part 1 (Table 3031)
mult-Si wafer, at plant oN 0 m2 - " 104E40 B - 1107 (12111 (2014) I.ﬂe Cyele Status 2011, Part 1 (Table 30,31)
single-Si water, photowltaics, at plant CN 0 m2" 10340 = - 1107 (121113) lten (2014) Life Cycle Status 2011, Part 1 (Table 30,31)
mult-Si water, at regional storage. us 0 m - - - 10U 1300 (12,1113 de Wit Scholen Q0L Ll Gl Asessmentf Poiolics Sats 201, Par 1 Dat Colecton (Table 031
single-Si waler, photowoltaics, atregional storage. U 0 m2 ” - 7 - 103840 11300 (12119 de Wit Schaen 2014)Lie © Status 2011, Part (Table 3031)
mult-Si waer, atregional storage orC 0 m2 - - - 1 (2014) Life Cycl Stas 2011, ot (Table 30,31)
single-Si water, photowltaics, at regional storage ~ APAC 0 m2 " - - - - 1 1 (2014) Life Cycl Status 2011, Part 1 (Table 30,31)
metallization paste, front side, at plant RER 0 kg 575E3 91263 57563 91263 1 13) n (2014) Life Cyel Status 2011, Part 1 (Table 3031)
metalization paste, back side, at plant RER 0 kg 384E3  534E3  3B4E3  SMEI 1 e W oo (2014) Life Cyci Status 2011, Part 1 (Table 3031)
metalizaion paste, back side, aluminium, atplant  RER 0 kg 559E2 5062  550E2 59682 1 13 de i Scholen (2014)Lie Cyc Status 2011, Part 1 (Table 30,31)
ammonia, liquid, at regional storehouse RER 0 kg 21982  B92E3  219E2  89E3 1 (2014) Life Cycl Status 2011, Part 1 (Table 30,31)
::‘:“f"“"‘ acid. fertlser gade, 70% in 208t G5 o g 86363 - 8633 1 1 (2014) Life Cyci Status 2011, Part 1 (Table 30.31)
phosphony chioride, at plant RER 0 kg 1332 27462 132  274E2 1 fe Wild-Scholten (2014) Life Ccl Status 2011, Part 1 (Table 3031)
titanium dioide, production mix,at plant RER 0 kg E 1 1.3 e Vi Schaen (014 i Cc Status 2011, Part 1 (Table 3031)
ethanol from ethyene, at plant RER 0 kg - - - - 1 le Wid-Scholten (2014) Life Cyc Status 2011, Part 1 (Table 30,31)
isopropanol,at plant RER 0 kg 17761  B10E4 17761 B10E4 1 1 (2014) Life Cyel Status 2011, Part 1 (Table 3031)
solvents, organic, unspecified, at plant GO 0 kg - 11382 - 11382 1 1 1 flen (2014) Life Cycle Status 2011, Part 1 (Table 3031)
silicone product,at plant RER 0 kg - - - 1107 (121.11.3) de Wild-Scholen (2014) Lite Cyi Status 2011, Part 1 (Table 3031)
sodium silcate, spray powder 80%, at plant RER 0 kg - - - - 1 u), de Wild-Scholten (2014) e Cyck Status 2011, Part 1 (Table 3031)
calcium chloride, CaCI2, atregional storage CH 0 kg - 31562 - s1sE2 1 le Wid-Scholten (2014) Life Cyc Status 2011, Part 1 (Table 3031)
acetic acid, 989 in H20, at plant RER 0 kg - - - - 1 (2014) Life Cyci Status 2011, Part 1 (Table 3031)
hygrochioric acid, 30% in H20, at lant RER 0 kg 62064  B59E3  G629E4  BS59E3 1 (2014) Life Cyci Status 2011, Part 1 (Table 30.31)
hyrogen fluoride, at plant GLO 0 kg  645E4  403E1  GASE4 4031 1 3); de Wild-Scholten (2014) Life Cycl Status 2011, Part 1 (Table 30.31)
nitic acid, 50%in H20, atplant RER 0 kg 20381 - 2031 1 1,3); de Wild-Scholten (2014) Life Cycl Stats 2011, Part 1 (Table 3031)
5"“'“"‘ Pydroide, S0%in H20, productionmixal pep o g eoaE1  TO7E2  604E1  T07E2 1 13 (2014) Life Cyci Status 2011, Part 1 (Table 30,31)
Ivme hydrated, packed, at plant CH 0 kg 1S1E2  218E1 15182  218E1 1 107 (12141 (2014) Life Cyel Photowliaics Status 2011, Part 1 (Table 3031)
hydrogen peroside, 50% in H20, at plant RER 0 kg 45264 - 45264 1 107 3) de Wild-Scholten (2014) Life Cycle ASsessment of Photowwliaics Status 2011, Part 1 Data Collection (Table 30.31)
g RER 0 kg - 10161 - 101E1 1 107 3); de Wild-Scholten (2012) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 30,31)
refrigerant R134a, at plan RER 0 kg 31265 2735 31265 27385 1 Staws 2011, Part 1 (Table 30.31)
potassium hydroide, at mgmna\ storage RER 0 kg 30082 - 30082 1 Status 2011, Part 1 (Table 3031)
ammonium sulphate, as N, atregional storehouse  RER 0 kg - 21082 - 21062 1 Photovoltaics Status 2011, Part 1 (Table 3031)
argon, liquid, at plant RER 0 kg - - - - 1 Stats 2011, Part 1 (Table 3031)
ongen, liquid, atplant RER 0 kg - 82263 - 82263 1 Status 2011, Part 1 (Table 3031)
nitiogen, liquid, at plant RER 0 kg  LISEs0 135640  11SE+0 135640 1 1 ). Status 2011, Part 1 (Table 3031)
RER 0 kg - - - - 1107 @211 (2014) Life Cycl Status 2011, Part 1 (Table 3031)
RER 0 kg 29163  261E3 20183  261E3 1 om Life Cycl Photowliaics Status 2011, Part 1 (Table 3031)
T G A RER 0 kg 1 : de Wild-Scholien (2014) L Cycl Status 2011, Part 1 (Table 30.31)
wanspor lorry 16, fleet average RER 0 tm 27461 52261 27481 52261 1 209 (45nananana);deWid-Schollen (2014) Life Cycle Assessmentof Photovoltaics Stalus 2011, Part 1 Data Collection (Table 30,31)
wanspon, freight,rail RER 0 tm 1526%0  394E1 1S40  394E1 1 209 (45nananana);de Wid-Scholien (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 30,31)
water, completely sofiened, at plant. RER ) - - - - 1107 (2111 fen (2014) Life Cycle Status 2011, Part 1 (Table 30.31)
ey Prcproducioneuent OWASIWALT oy o m3 11 789E2 191 789E2 1 107 (121113)deWid-Scholien (2014)Life Cyck Stats 2011, Part 1 (Table 3031)
disposal, waste, Si waferprod. inorg, 9.4% water, 1o » » » » P .
s CH 0 kg 23340 274Es0 23340 274880 1 107 (2014) Life Status 2011, Part 1 (Table 3031)
isbosal sohSnBmbtue scsRisRLs CH 0 kg 17261  108E2 17261  108E2 1 107 : de Wild-Scholten (2014) Life Cycle Assessment of Photovwliaics Status 2011, Part 1 Data Collection (Table 30,31)
azardous wase incineration
wanspor, ransoceanic freight ship OCE 0 tm  306E2 - 30662 - 1 200 3);de Wild-Scholten (2014) Life Cycle Assessmentof Photovoltaics Status 2011, Part 1 Data Collection (Table 30,31)
Heat, waste S - M) 518EH 51841 518Es1  518Es1 1 107 (12141 (2014) Life Cyci Status 2011, Part 1 (Table 3031)
- -k 77ES  TIE6 7736 TI3E6 1 500 fe Wild-Scholten (2014) Life Ccl Status 2011, Part 1 (Table 3031)
™ 1 151 (121113);de Wild-Scholten (201¢) Life Cycl Status 2011, Part 1 (Table 3031)
Hycrogen chioride E - - - - 1 151 (121113):deWild-Scholien (2014) Life Cycl Status 2011, Part 1 (Table 30,31)
Hydrogen fluoride. - - kg 138E4  690E4  13BE4  6O0E4 1 151 (12111 014) Life Cyck Status 2011, Part 1 (Table 3031)
Lead - - kg 773ES 7736 7736 7736 1 500 (12141 (zou) Life Cyel Status 2011, Part 1 (Table 30.31)
O F D ST, - kg - - - E 1151 (12,1,1,3) de Wild-Scholten (2014) Life Cycl Status 2011, Part 1 (Table 3031)
ides R - - - - 111611343319 de Wit Schotn (zou) L G Status 2011, Part 1 (Table 30,31)
Vethane, tetialuoro-, R-14 -k - - - - 1 Status 2011, Part 1 (Table 30,31)
Partculates, <25 um S - - - - 1 Status 2011, Part 1 (Table 30.31)
s - - kg 317E8  317E8  317E8  317E8 1 Status 2011, Part 1 (Table 3031)
- - kg 7736 7736 77386 7736 1 Status 2011, Part 1 (Table 3031)
™ - - - - 1 500 @2 1,3), e senaen (2014) Life Cel Status 2011, Part 1 (Table 30,31)
- - kg 7736 7736 77386 77366 1 500 (12141 (2014) Life Cyci Status 2011, Part 1 (Table 30,31)
Ammonia - - kg 3735 52264  373ES 52264 1 121 (12.1,1,13)de Wid-Scholien (2014) me g Status 2011, Part 1 (Table 3031)
Carbon dioxide, fossil - - kg 167E1  682E1  167E1  682E1 1 107 (12113 de Wid-Scholien (2014)Life Cycl Photovoltaics Status 2011, Part 1 (Table 3031)
Chiorin S - kg 4B0ES - 46055 - 1151 (121,1,1,3);de Wild-Schotten (2014) T Cycle Assessment of Photowwliaics Status 2011, Part 1 Data Collection (Table 30.31)
Hydrogen - - kg 110E2 44464 L10E2 4444 1 151 (12.1113)de Wid-Schollen (2014) Life Cycl Photovoltaics Status 2011, Part 1 (Table 3031)
2.propanol S - kg 1aTE2 - 147E2 1 151 (12.,1,1,3) de Wild-Scholten (2014) Life Cycl Status 2011, Part 1 (Table 3031)
Acetaldehyde - - kg 6334 - 63364 1 151 (1211,3);de Wild-Scholten (2014) Life Cycl Photowliaics Status 2011, Part 1 (Table 3031)
Ethane, 1,1,1.2 evafluoro-, HFC-134a - - kg 31265 2735 31265 2735 1 151 (121113);de Wid-Scholten (2014) Life Cycle Assessmentof Photowltaics Status 2011, Part 1 Data Collection (Table 30,31)
Silicon - - kg 3334 147E4 3334 14764 1 3);de Wild-Scholten (2014) Life Cyc Photovoltaics Status 2011, Part 1 (Table 3031)
s - - kg 2633 6006  263E3  GOOE6 1 500 (12111 (2014) Life Cel Photowwliaics Status 2011, Part 1 (Table 3031)
:nspnecu‘ﬁg‘;';:;?’"‘ CEIDCEIREEITINE - kg 126E2 3534 126E2 3534 1 3);de Wild-Scholten (201¢) Life Cycle Assessment of Photovoliaics Status 2011, Part 1 Data Collection (Table 30,31)
Water S - kg LIGEML  596EW  L16Esl 596840 1  de Wild-Scholten (2014) Life Cyci Staws 2011, Part 1 (Table 30,31)
Nitic acid - - 11964 - 119E4 1 151 (121113)de Wild-Scholien (201) Life Cycls Status 2011, Part 1 (Table 3031)
Nitogen oxides - - 12082 - 12062 1 151 (12111 (2014) Life Cyci Photowliaics Status 2011, Part 1 (Table 30.31)
R - 36463 - 36463 1 3) de Wild-Scholten (2014) L Cycle Assessment of Photowwliaics Status 2011, Part 1 Data Collection (Table 30.31)
] - - 1 3);de Wild-Scholten (201¢) Life Cycle Assessmentof Photovoltaics Status 2011, Part 1 Data Collection (Table 30,31)
- . . . . 1 : de Wild-Scholten (2014) Life Cycl Status 2011, Part 1 (Table 30,31)
-k a s 2 - 1 3);de Wild-Scholten (2014) Life Cycl Status 2011, Part 1 (Table 30,31)
lworide Sk - - - - 1 (2014) Life Cyci Photowliaics Status 2011, Part 1 (Table 3031)
Phosphate B - - - - 1 151 (121113);de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 30,31)
Ammonium, ion R - - - - 1 3);de Wild-Scholten (201¢) Life Cycle Assessmentof Photovoltaics Status 2011, Part 1 Data Collection (Table 30,31)
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LCI of the global supply chain

29

Tab. 3.15 Unit process data of the photovoltaic cell production in Europe (RER) and Asia & Pacific
(APAC); red added exchanges compared to Jungbluth et al. (2012).

Name

Location

InfrastructurePracess
unit

photovoltaic cell, multi-Si, at plant
photovoltaic cell, single-Si,at plant
photovoltaic cell, mult-Si, at plant
photovoltaic cell, single-Si,at plant
photovwltaic cell, mul-Si, at plant
photovoltaic cell, single-Si, at plant
photovoltaic cell, single-Si,at plant
photovoltaic cell, mult-Si, at plant
photovoltaic cell ibbon-Si, at plant
Water, cooling, unspecified natural ori

tap water, atuser
elecmcny, medium voltage, production ENTSO, at

elecllluly medium oliage, at grid
electicity, medium woltage, at grid

elecucity, medium woltage, at

natural gas, burned in industral furnace low-NOX
>100kW

lightfuel oil burned in industral furnace 1MW, non-
modulatin

photowwliaic cell factory

muli-Si wafer, atregional storage

single-Si wafer, photovoltaics, at regional storage
muli-Si wafer, ibbon, at plant

mult-Si wafer, at plant

single-Si wafer, photovoltaics, atplant

single-Si wafer, photooltacs, Mmg\onnl storage
mult-Si wafer, at regional storag

single-Si wafer, photovoltaics, almgmnal storage
metaliization paste, front side, at plant
metaliization paste, back side, at plant
metallization paste, back side, aluminium, at plant
‘ammonia, liquid, at regional storehouse.
phosphoric acid, fertliser grade, 70% in H20, at
plant

phosphony chioride, at plant
titanium dioxide, production mix atplant

ethanol from ethyene, at plant

isopropanol, atplant

solvents, organic, unspecified, at plant

silicone product at plant

sodium silicate, spray powder 80%, at plant
calcium chloride, CaCI2, at regional storage
acetc acid, 98% in H20, atplant

hydrochloric acid, 30% in H20, at plant

hydrogen fluoride, at plant

nitic acid, 50% in H20, at plant

swmm hydroside, 50%in H20, production mix at

ume hydrated, packed, at plant
hydrogen peroxide, 50% in H20, at plant
sulphuric acid, liquid, at plant
reffigerant R134a, atplant
potassium hydroide, atregional storage
ammonium sulphate, as N, atregional storefouse
argon, liquid, atplant
oxgen, liquid, at plant
flisea liquid, at plant
tetrafluoroethylene, at plant
silicon tewahytiride, at plant
polystyrene, expandable, at plant

transport,lorry >16t, fleet average:

wanspon, freight,rail
water, completely softened, at plant

L A e T
wreatment, clas

e erate T e e e
residual material landiil

disposal, solvents mixure, 16 5% water, to
hazardous waste incineration

wansport transoceani reight ship

Heat, waste

Auminium
Ethane, hexafluoro-, HFC-116
Hydrogen chioride

Hydrogen fluoride:

Lead

NMVOC, non-methane volatile organic compounds,
unspecified origin

Nirogen oxides

Methane, tetrafluoro-, R-14.

Particulates.

Silicon

Silver

Sodium

Tin

monia
Carbon diovide, fossil

Chiorine

Hydrogen

2-Propanal

Acetaldehyde

Ethane, 11,1 2-etrafluoro-, HFC-134a

Silicon

silicon
MVOC, non-methane volatile organic compounds,

unspecified origin

Water

Nitric acid

Nitrogen osides
Nitrogen osides

Ammonium, ion

Location

RER

InfrastructureProcess

. cococcoccococo

o coo o o

© 900000000000 © 000000000000 © CO00000000000R O

Unit

5 Z552555555555 5555888 ¢

171642

La4ErL
608E2

4.00E7

62964
6.45E4

604E-1
151E2

31265

115640
291E3

27481

152640

159E-1
233840
17261
306E2
518E41
77386

13864
77366

11082
14762

63364
31265
33364
26363

12682
L16E41

251842

La4ErL
24761

27063
400E7

104E+0.
91263
53463
596E2
892E3

863E3
27482

810E4
11362
31562
859E3

40381
29361

70762

21881
45264
10161
27365
3.00E2
21082

82263
135640

26163
52261

394E:1

789E2
274840

108E2

518E41

77366

6.90E-4
77366

171602
144E+1

6.08E-2

400E7

103E+0

62964
6.45E-4

6.04E-1
15162

31265

115640

2913

27481

152640

159E1
233840

17261
3.06E2

5.18E+
77366

13864
77366

26363

12682
116E+1

251602
144E+1

24761

27083

400E7
104E+0

8.10E-4
11362

31562

859E3
40361
29361

70782

21861
45264
10164
27385
3.00E-2
21062

82263
135E+0

26183

52261

39481

7.89E2
274840

10862

5.18E+

77366

6.90E-4
77366

31768
77366

77366
52264
6.82E-1

44484

27365
14764

6.00E6

35364
5.96E+0
11964
12482
364E-3

107 (121113)de

107 (1211.13);de

107 (1211.13)de

107 (121113):de

209 (45nananana); de

209 (45nananana);de
107 (121113)de

107 (2,

107

107

200

(2014) Life Cycl Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cyc Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cycl Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cycl Stats 2011, Part
(2014) Life Cycl Status 2011, an Daa Colesion (Table 30, 31)
(2014) Life Cyc tatus 2011, Part 1
(2014) Life Cye Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cycl Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cyel tatus 2011, Part
(2014) Life Cycl Status 2011, Part 1 Data Collection (Table 30; :1)
(2014) Life Cyel tats 2011, Part 1 )
(2014) Life Cycl Status 2011, Part 1 Data Colletion (Table 30.31)
14) Status 2011, Part 1 Data Collection (Table 30.31)
(2014) Life Cycl Status 2011, Part
14) Lie Cycl Status 2011, an Daa calasion (Table 30; 31)
14) Life Cych tatus 2011, Part 1
A; 1) de Wild-Scholten (2014) Life Cycle Assessment of Photowwliaics Status 2011, Part 1 Data Colection (Table 30 :1)
@o14)Li tatus 2011, Part 1
(2014) Life Cycl ics Status 2011, Part 1 Data Collection (Table 30 :1)
(@o14)Li Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cycl ics Status 2011, Part 1
o141 Staws 2011 Part 1 Data Collecion (Table 30.31)
(2014) Life Cycl Status 2011, Part 1 X
@o14)Li tatus 2011, Part 1
(2014) Life Cycl ics Status 2011, Part 1 Data Collection (Table 30 :1)
@o14)Li Status 2011, Part 1 Data Collection (Table 30 :u)
(2014) Life Cycl Status 2011, Part 1
(2014) Life Cycl Status 2011, Part 1 Data Colection (Table 30, 31)
(2014) Life Cyel tatus 2011, Part 1
(2014) Life Cycl Status 2011, Part 1 Data Collection (Table 30; :1)
@o14)Li tatus 2011, Part 1
(2014) Life Cycl Status 2011, Part 1 Data Collection (Table 30 :1)
@o14)Li Status 2011, Part 1 Data Collection (Table 30 :u)
(2014) Life Cycl ics Status 2011, Part 1
(2014) Life Cycl Status 2011, Part 1 Data Collection (Table 30 31)
(2014) Life Cycl Stats 2011, Part 1
(2014) Life Cyc Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cycle Status 2011, Part 1 Data Colection (Table 30,31)
(2014) Life Cycl Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cyel Status 2011, Part 1 Data Collection (Table 30.31)
(2014) Lite C, Status 2011, Part 1 Data Collection (Table 30.31)
(2014) Life Cyc Status 2011, Part 1 Data Coliection (Table 30,31)
(2014) Life Cycl ics Staws 2011, Part 1 Data Collection (Table 30,31)
(2014) Li tatus 2011, Part 1 31)
(2014) Life Cycl ics Stats 2011, Part 1
@o14)Li Staws 2011 Part 1 Data Collecion (Table 30.31)
(2014) Life Cyel Status 2011, Part 1 Data Colection (Table 30,31)
(2014) Life Cycl Status 2011, Part 1 Data Collection (Table 30,31)
ife Cel Photovoltaics Status 2011, Part 1 don (Table 30.31)
ife Cycl Status 2011, Part 1 (Table 30,31)
(2014) Life Cyc Status 2011, Part 1 Data Collection (Table 30,31)
: (2014) Life Cycl Status 2011, Part 1 X
(2014) Life Cyec Status 2011, Part1 31)
(2014) Life Cye Status 2011, Part 1 Data Collection (Table 30,31)
d (2014) Life Cycl Status 2011, Part 1 Data Collection (Table 30.31)
(2014) Life Cycl Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cycl Stats 2011, Part 1
(2014) Life Cycl Staws 2011 Pan 1 Data Collecon (Table 30, 31)
(2014) Life Cyc tat
(2014) Life Cycl Staws 2011, Plnl Data Collection Table 30.31)
o141 tatus 2011, Part 1 ¥

500 (121113) de

151 (12,
161 (34.3318)de

1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoliaics Status 2011, Part 1 Data Collection (Table 30,31)

(2014) Life Cyel Stats 2011, Part 1
13);de (2014) Life Cycl Statws 2011, Part 1 Data Collection (Table 30 :1)
(2014) Life Cyel . Part1
(2014) Life Cycl Status 2011, Part 1
(2014 Li Stats 2011, Part 1 Data Collecton (Table 30.31)
(2014) Life Cyel ics Status 2011, Part 1
(2014)Li Status 2011, Part 1 Data Collection (Table 30.31)
(2014) Life Cyel Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cy Statws 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cyel Status 2011, Part 1 Data Collection (Table 30,31)

13);de

1, :) de ‘Wild-Scholten Azma) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 30,31)

Life Cyel Status 2011, Part 1 Data Collection (Table 30,31)

o (2014) Life Cycle Statws 2011, Part 1 Data Collection (Table 30.31)
(2014) Life Cyel Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cy Status 2011, Part 1 Data Collection (Table 30.31)
o (2014) Life Cycl Statws 2011, Part 1 Data Collection (Table 30.31)
(2014) Life Cycle Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cyel Status 2011, Part 1 Data Collection (Table 30,31)

1, 1) de Wild-Scholten (2014) Life Cycle Assessment of Photowliaics Status 2011, Part 1 Data Collection (Table 30,31)

14) Life Cycl Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cyel Status 2011, Part 1 Data Collection (Table 30,31)
(2014) Life Cy Statws 2011, Part 1 Data Collection (Table 30.31)
(2014) Life Cyel Status 2011, Part 1 Data Collection (Table 30,31)
o AzmA) Lwe Cyel Statws 2011, Part 1 Data Collection (Table 30.31)

Status 2011, Part 1 Data Collection (Table 30,31)

1, 1) de ‘Wild-Scholten AZUH) m Cyel Assessmentof Photvolics Sats 2011, Part 1 Daa Collecion (Table 20.31)
st

us 2011, Part 1 Data Collection (Table 30,31)

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain

treeze Ltd.



LCI of the global supply chain 30

3.7.2 Photovoltaic laminate and panels

The LCI data on material and energy consumption as well as about emissions are updat-
ed based on LCI data of single- and multi-crystalline modules published by de Wild-
Scholten (2014).

Tab. 3.16 to Tab. 3.19 show the unit process data of the photovoltaic laminate and panel
production China (CN), North America (US), Asia & Pacific (APAC) and in Europe
(RER).

The Japanese electricity mix is selected for the APAC region, because Japan produces
the highest share of single-and multi-crystalline laminate and panel in the APAC region.
The US electricity mix is chosen to model electricity consumption in the North Ameri-
can production.

The LCI data on material and energy consumption as well as about emissions are updat-
ed based on LCI data of single- and multi-crystalline modules published by de Wild-
Scholten (2014).
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Tab. 3.16 Unit process data of the photovoltaic laminate and panel production in China (CN) ; red added
exchanges compared to Jungbluth et al. (2012).

§
Name 3
s
Location
InfrastructureProcess
Unit
product photovoltaic panel, multi-Si, at plant oN
photovoltaic panel, single-Si, at plant oN
photovoltaic laminate, multi-Si, at plant oN
photovoltaic laminate, single-Si, atplant ~ CN
photovoltaic panel, multi-Si, at plant us
photovoltaic panel, single-Si, at plant us
photovoltaic laminate, multi-Si, at plant us
photovoltaic laminate, single-Si, atplant ~ US
photovoltaic panel, multi-Si, at plant APAC
photovoltaic panel, single-Si, at plant APAC
photovoltaic laminate, multi-Si, atplant  APAC
photovoltaic laminate, single-Si, atplant  APAC
photovoltaic laminate, single-Si, atplant  RER
photovoltaic panel, single-Si, at plant RER
photovoltaic laminate, multi-Si, at plant RER
photovoltaic panel, multi-Si, at plant RER
photovoltaic laminate, ribbon-Si, atplant ~ RER
photovoltaic panel, ibbon-Si, at plant RER
electicity, medium voltage, production
technosphere £ 0 N e ENTSO
electicity, medium voltage, at grid oN
electicity, medium voltage, at grid us
electicity, medium voltage, at grid P
natural gas, bumed in industral furnace e
low-NOX>100kW
diesel, bumed in building machine 6Lo
infrastructure photovoltaic panel factory 6Lo
tap water, at user RER
tempering, flat glass RER
wire drawing, copper RER
cells photovoltaic cell, multi-Si, at plant RER
photovoltaic cell, single-Si, at plant RER
photovoltaic cell, ribbon-Si, at plant RER
photovoltaic cell, mult-Si, at plant oN
photovoltaic cell, single-Si, at plant oN
photovoltaic cell, mult-Si, at plant us
photovoltaic cell, single-Si, at plant us
photovoltaic cell, mult-Si, at plant APAC
photovoltaic cell, single-Si, at plant APAC
materials aluminium alloy, AMg3, at plant RER
nickel, 99.5%, at plant GLo
brazing solder, cadmium free, at plant RER
tin, at regional storage RER
lead, at regional storage RER
silver, atregional storage RER
diode, unspecified, at plant 6Lo
polyethylene, HDPE, granulate, atplant  RER
solar glass, low-iron, at regional storage  RER
copper, at regional storage RER
glass fibre reinforced plastic, polyamide, oo
injection moulding, at plant
ethylinylacetate, foil, at plant RER
polynyifiuoride film, at plant us
polyethylene terephthalate, granulate, =
amorphous, at plant
silicone product, at plant RER
auxiiary acetone, liquid, at plant RER
materials methanol, at regional storage cH
vinyl acetate, at plant RER
lubricating oil, at plant RER
corrugated board, mixed fibre, single wall, oo
atplant
1-propanol, at plant RER
EUR-flat pallet RER
hydrogen fluoride, at plant GLo
isopropanol, at plant RER
potassium hydroxide, atregional storage  RER
soap, atplant RER
transport transpor, lorry >16t, fleet average RER
wransport, freight,rail RER
disposal CiSPosal municipal solid waste, 229% ¢,
water, to municipal incineration
disposal, polyinylfuoride, 0.2% water, 0
municipal incineration
disposal, plastics, mixture, 15.3% water, 0,
municipal incineration
disposal,used mineral oil 10% water, 0
hazardous waste incineration
treatment, sewage, from residence, to o
wastewater treatment, class 2
emissionair  Heat, waste .
wansport, transoceanic freight ship ocE
wansport, aircra, freight RER

NMVOC, non-methane volatile organic
compounds, unspecified origin
Carbon dioxide, fossil

InfrastructureProcess

© ©00Co0co0o0 O COCOO © OO © COCOCOCO00O000C00000000KRO O OO0 O RRRERERERERERERRRRRERRRRRB

Unit

photovoltaic  photovoltaic
panel, single- panel, muli-

si,atplant S, atplant
CN CN
1 1
m2 m2
0 1
1 o
o o
o o
0 0
o o
o o
o o
0 0
0 0
o o
o o
o o
0 0
o o
o o
o o
0 0
3.73E+0 3.73E+0
8.75E-3 8.75E-3
4.00E-6 4.00E-6
503E+0  5.03E+0
8B1E+0  BBIE+0
1.03E-1 1.03E-1
- 9.35E-1
9.35E-1 -
2.13E+0 2.13E+0
1.29€E-2 129€E-2
7.25E-4 7.25E-4
281E-3 2.81E-3
2.38E-2 2.38E-2
8BIEX0  BBIE+0
1.03E-1 1.03E-1
295E-1 295E-1
8.75E-1 8.75E-1
112E-1 112E-1
3.46E-1 3.46E-1
1.22E-1 122E-1
7.63E-1 7.63E-1
159E-2 159E-2
5.00E-2 5.00E-2
6.24E-2 6.24E-2
14TE4 147E-4
5.14E-2 5.14E-2
1.16E-2 1.16E-2
5.85E+0 5.85E+0
4.25E+1 4.25E+1
3.00E-2 3.00E-2
112E-1 1.12E-1
164E40  164E+0
161E-3 161E-3
5.03E-3 5.03E-3
134E41 134641
806E3  B8O6E3
2.18E-2 2.18E-2

photovoltaic
laminate,
single-Si, at
plant

5]
z

®

cococococococococoococoorooodk

373E+0

7.63E-1

159E-2
5.00E-2
6.24E-2
147E-4
5.14E-2
1.16E-2
5.64E+0
4.12E41

3.00E-2
11261
164E+0
161E-3

5.03E3
134E+1

8.06E-3
2.18E-2

photovoltaic
laminate,
multi-Si, at
plant

ccloooocoooososs oo

7.63E-1

159E-2
5.00E-2
6.24E-2
147E-4
5.14E-2
116E-2
5.64E+0
4.12E41

3.00E-2
11261
164E+0
161E3

5.03E3
134E+1

8.06E-3
218E-2

UncertaintyType

GeneralComment

StandardDeviation95%

1.14 (33,1,1,1,3); de Wild
1.14 (33,1,11,3); de Wild
1.14 (33,1,1,1,3); de Wild
1.14 (33,1,1,1,3); de Wild
114 (33.,1,1,3); de Wild
1.29/(3.4,3,3,1,5); de Wild
302 (1,4.1,3,1,3); de Wild
113 (1,4.1,3,1,3); de Wild
113 (1,4.1,3,1,3); de Wild
113 (1,4.1,3,1,3); de Wild
113 (14,1,31,3); de Wild
113 (14,1,3,3); de Wild
1.13 (14,1,3,3); de Wild
1.13 (14,1,3,3); de Wild
1.13 (14,1,31,3); de Wild
113 (14,1,3,1,3); de Wild
113 (14,1,31,3); de Wild
113 (1,4.1,3,1,3); de Wild
113 (1,4.1,3,1,3); de Wild
113 (1,4.1,3,1,3); de Wild
113 (14,1,3,1.3); de Wild
113 (1,4.1,3,1,3); de Wild
1.29/(34.3,3,1,5); de Wild
1.29/(3.4,3,3,1,5); de Wild
1.29/(3.4,3,3,1,5); de Wild
1.29/(3.4,3,3,1,5); de Wild
1.29/(3.4,3,3,1,5); de Wild
1.24 (14,1,33,3); de Wild
113 (14,1,31.,3); de Wild

113 (14,1,31,3); de Wild

113 (14,1,31,3); de Wild
113 (14,1,31,3); de Wild

113 (1.,4,1,3,1.3); de Wild

113 (1,4,1,3,1,3); de Wild
113 (1,4,1,3,1,3); de Wild
113 (1,4,1,3,1,3); de Wild
113 (14,1,3,1,3); de Wild
113 (14,1,3,1,3); de Wild
113 (1,4,1,3,1,3); de Wild
113 (14,1,3,1,3); de Wild
1.29/(3.4,3,3,1,5); de Wild
1.29/(3.4,3,3,1,5); de Wild
1.29/(3.4,3,3,1,5); de Wild
1.29/(3.4,3,3,1,5); de Wild
1.29/(3.4.3,3,1,5); de Wild

-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

I-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photowoliaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photowoliaics Status 2011, Part 1 Data Collection (Table 37)

)

)

)

)

)

)

)

)

)

)

)

)

=

-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
I-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
I-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
I-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
I-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)

N

I-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
I-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

)
-Scholten (2014) Life Cycle Assessment of Photowoliaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photowoliaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
-Scholten (2014) Life Cycle Assessment of Photowoliaics Status 2011, Part 1 Data Collection (Table 37)

-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

)
-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

2.09 (4,5,na,na,na,na); Standard distance 100km, cells 500km

2.09 (4,5,na,na,na,na); Standard distance 600km

113 (1,4,1,3,1,3); Aisema (personal communication) 2007, production waste.
113 (14.1,3,1,3); Calculation, including disposal of the panel after life time

113 (1,4,1,3,1,3); Calculation, including disposal of the panel after life time

113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

1.3 (14,1,31,3); Caleulation, water use
1.29 (34,3,3,15); Calculation, electricity use

209 (3,43,3,1.5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
209 (3,4,3,3,1.5); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)

161 (34331

5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

1.29 (3,4.3,3,1.5): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
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Tab. 3.17 Unit process data of the photovoltaic laminate and panel production in North America (US);
red added exchanges compared to Jungbluth et al. (2012).

product

technosphere

infrastructure

cells

materials

Name

Location
InfrastructureProcess

Unit
photowoltaic panel, multi-Si, at plant
photowoltaic panel, single-Si, at plant
photovoltaic laminate, mult-Si, at plant
photovoltaic laminate, single-Si, at plant
photovoltaic panel, mult-Si, at plant
photovoltaic panel, single-Si, at plant
photovoltaic laminate, multi-Si, at plant
photovoltaic laminate, single-Si, at plant
photowoltaic panel, multi-Si, at plant
photowoltaic panel, single-Si, at plant
photovoltaic laminate, mult-Si, at plant
photovoltaic laminate, single-Si, at plant
photovoltaic laminate, single-Si, at plant
photovoltaic panel, single-Si, at plant
photovoltaic laminate, muli-Si, at plant
photowoltaic panel, multi-Si, at plant
photowoltaic laminate, ribbon-Si, at plant
photowoltaic panel, ribbon-Si, at plant
electricity, medium voltage, production
ENTSO, atgrid

electricity, medium voltage, at grid
electricity, medium voltage, at grid
electricity, medium voltage, at grid
natral gas, bumed in industrial furnace
low-NOX>100kW

diesel, bumed in building machine
photovoltaic panel factory

tap water, atuser

tempering, flat glass

wire drawing, copper

photovoltaic cell, multi-Si, at plant
photovoltaic cell, single-Si, at plant
photovoltaic cell, ribbon-Si, at plant
photovoltaic cell, multi-Si, at plant
photovoltaic cell, single-Si, at plant
photovoltaic cell, multi-Si, at plant
photovoltaic cell, single-Si, at plant
photovoltaic cell, multi-Si, at plant
photovoltaic cell, single-Si, at plant
aluminium alloy, AIMg3, at plant

nickel, 99.5%, at plant

brazing solder, cadmium free, at plant
tin, at regional storage

lead, at regional storage

silver, at regional storage

diode, unspecified, at plant
polyethylene, HDPE, granulate, at plant
solar glass, low-iron, at regional storage
copper, atregional storage.

glass fibre reinforced plastic, polyamide,
injection moulding, at plant
ethyhinylacetate, foil at plant
polyinyifluoride film, at plant
polyethylene terephthalate, granulate,
amorphous, at plant

silicone product, at plant

auxiliary acetone, liquid, at plant

materials

methanol, at regional storage
vinyl acetate, at plant

lubricating oil, at plant

corrugated board, mixed fibre, single wall,
atplant

1-propanol, at plant

EUR-flat pallet

hydrogen fluoride, at plant

isopropanol, at plant

potassium hydroxide, at regional storage
soap, atplant

transport transport, lorry >16t, fleet average

disposal

emission air

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain

transport, freight,rail

disposal, municipal solid waste, 22.9%
water, to municipal incineration
disposal, polyinylfiuoride, 0.2% water, to
municipal incineration

disposal, plastics, mixure, 15.3% water, to
municipal incineration

disposal, used mineral oil, 10% water, to
hazardous waste incineration

treatment, sewage, from residence, to
wastewater treatment, class 2

Heat, waste

transport, transoceanic freight ship
transport, aircraft, freight

NMVOC, non-methane volatile organic
compounds, uns pecified origin

Carbon dioxide, fossil

Location

RER
ENTSO

cN
us

RER

RER

RER
RER

RER
us

RER
RER
RER
RER
RER
RER
RER
RER

RER
RER
RER
RER
RER

CH

CH

RER

InfrastructureProcess

© C0000O0O0O © COOOO © OO © COOOOOOO0O0O0000000000000RO © OO0 © RRRERERERERRERRERERERERRRRRR

Unit

photovoltaic  photovoltaic
panel, single- panel, multi-
Si, at plant Si, atplant
us us
1 1
m2 m2
o o
0 0
0 0
o o
o 1
1 o
o o
o o
0 0
0 0
o o
o o
o o
o o
o o
0 0
0 0
0 0
373E40  B73E+0
8.75E-3 8.75E-3
4.00E-6 4.00E-6
5.03E+0 5.03E+0
8BIE+0  BBIEHD
1.03E-1 1.03E-1
- 9.35E-1
9.35E-1 -
213640 213640
12962 12082
72564 72564
2.81E-3 2.81E-3
2.38E-2 2.38E-2
8.81E+0 8.81E+0
1.03E-1 1.03E-1
2.95E-1 295E-1
8.75E-1 8.75E-1
112E-1 112E-1
3.46E-1 3.46E-1
122E-1 122E-1
7.63E-1 7.63E-1
159E-2 159E-2
5.00E-2 5.00E-2
6.24E-2 6.24E-2
14764 147E-4
5.14E2 51482
11662 116E-2
585E+0  5.85E+0
4.25E+1 4.25E+1
3.00E-2 3.00E-2
112E-1 112E-1
164E40  164E+0
161E-3 161E-3
5.03E-3 5.03E-3
1.34E+1 1.34E+1
8.06E-3 8.06E-3
2.18E-2 2.18E-2

photovoltaic  photovoltaic
et

jaminate,

single-Si,at  multi-Si, at
plant plant

7.63E-1

159E-2
5.00E-2
6.24E-2
147E-4
5.14E-2
116E-2
5.64E+0
4.12E+1

3.00E-2
11261
164E+0
161E-3

5.03E-3
134E+1

8.06E-3
218E2

laminate,

cocococoococcococoroooooo

3.73E40

7.63E-1

159E-2
5.00E-2
6.24E-2
14764
5.14E-2
116E-2
5.64E+0
4.12E41

3.00E-2
11261
164E+0
161E-3

5.03E-3
134E+1

8.06E-3
218E-2

UncertaintyType

StandardDeviation95%

GeneralComment

114 (331119

): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.14 (33,1,1,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.14 (33,1,1,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
)

1.14 (3,3,1,1,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.14 (3,3,1,1,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

1.29 (3,4,3.3,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
3.02 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1.3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,13,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1.3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3); de Wild-Scholten (2012) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1.3.1,3); de Wild-Scholten (2012) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1,4,1.3.1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1.3,1,3); de Wild-Scholten (2012) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1.3.1,3); de Wild-Scholten (2012) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1.3.1,3); de Wild-Scholten (2012) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (34,3.3.1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3,4,3.3,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3,4,3.3,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3,4,3.3,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3,4,3.3.1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
):
):

1.24 (1,4,1.3.3,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1.3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

113 (1.4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

1.13 (1,41.3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1,41,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

113 (1.4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

113 (1.4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

1.13 (1.4,1.3.1,3); de Wild-Scholten (2012) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (34,3.3.1,5); de Wild-Scholten (2012) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (34,3.3.1,5); de Wild-Scholten (2012) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 ( ; de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 ( ; de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3,4,3.3.1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
2.09 (455.,na,na,na,na); Standard distance 100km, cells 500km

2.09 (4,5,na,na,na,na); Standard distance 600km

1.5
,1.5)

113 (14,1,3,1,3); Asema (personal communication) 2007, production waste
113 (1,4,1.3,1,3); Calculation, including disposal of the panel after life time
113 (14,1.3,1,3); Calculation, including disposal of the panel after life time
1.13 (1.4,1.3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)

113 (1,4,1,3,1,3); Caleulation, water use

1.29 (34,3.3.1,5); Calculation, electricity use
209 (3.4.3,3,15): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
209 (3,43,3,15): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

161 (3.4,33,15); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3.4,3,3,1.5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
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Tab. 3.18 Unit process data of the photovoltaic laminate and panel production in Asia & Pacific (APAC);
red added exchanges compared to Jungbluth et al. (2012).

product

technosphere

infrastructure

cells

materials

Name

Location
InfrastructureProcess

Unit
photowoltaic panel, multi-Si, at plant
photowoltaic panel, single-Si, at plant
photovoltaic laminate, mult-Si, at plant
photovoltaic laminate, single-Si, at plant
photovoltaic panel, mult-Si, at plant
photovoltaic panel, single-Si, at plant
photovoltaic laminate, multi-Si, at plant
photovoltaic laminate, single-Si, at plant
photowoltaic panel, multi-Si, at plant
photowoltaic panel, single-Si, at plant
photovoltaic laminate, mult-Si, at plant
photovoltaic laminate, single-Si, at plant
photovoltaic laminate, single-Si, at plant
photovoltaic panel, single-Si, at plant
photovoltaic laminate, muli-Si, at plant
photowoltaic panel, multi-Si, at plant
photowoltaic laminate, ribbon-Si, at plant
photowoltaic panel, ribbon-Si, at plant
electricity, medium voltage, production
ENTSO, atgrid

electricity, medium voltage, at grid
electricity, medium voltage, at grid
electricity, medium voltage, at grid
natral gas, bumed in industrial furnace
low-NOX>100kW

diesel, bumed in building machine
photovoltaic panel factory

tap water, atuser

tempering, flat glass

wire drawing, copper

photovoltaic cell, multi-Si, at plant
photovoltaic cell, single-Si, at plant
photovoltaic cell, ribbon-Si, at plant
photovoltaic cell, multi-Si, at plant
photovoltaic cell, single-Si, at plant
photovoltaic cell, multi-Si, at plant
photovoltaic cell, single-Si, at plant
photovoltaic cell, multi-Si, at plant
photovoltaic cell, single-Si, at plant
aluminium alloy, AIMg3, at plant

nickel, 99.5%, at plant

brazing solder, cadmium free, at plant
tin, at regional storage

lead, at regional storage

silver, at regional storage

diode, unspecified, at plant
polyethylene, HDPE, granulate, at plant
solar glass, low-iron, at regional storage
copper, atregional storage.

glass fibre reinforced plastic, polyamide,
injection moulding, at plant
ethyhinylacetate, foil at plant
polyinyifluoride film, at plant
polyethylene terephthalate, granulate,
amorphous, at plant

silicone product, at plant

auxiliary acetone, liquid, at plant

materials

transport

disposal

emission air

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain

methanol, at regional storage
vinyl acetate, at plant

lubricating oil, at plant

corrugated board, mixed fibre, single wall,
atplant

1-propanol, at plant

EUR-flat pallet

hydrogen fluoride, at plant

isopropanol, at plant

potassium hydroxide, at regional storage
soap, atplant

transport, lorry >16t, fleet average:
transport, freight, rail

disposal, municipal solid waste, 22.9%
water, to municipal incineration

disposal, polyinylfiuoride, 0.2% water, to
municipal incineration

disposal, plastics, mixure, 15.3% water, to
municipal incineration

disposal, used mineral o, 10% water, to
hazardous waste incineration

treatment, sewage, from residence, to
wastewater treatment, class 2

Heat, waste

transport, ransoceanic freight ship
transport, aircratt, freight

NMVOC, non-methane volatile organic
compounds, unspecified origin

Carbon dioside, fossil

Location

RER
ENTSO

cN
us

RER

RER

RER

RER

RER
RER

RER
us

RER
RER
RER
RER
RER
RER
RER
RER

RER
RER
RER
RER
RER

CH

CH

RER

InfrastructureProcess

© C0000O0O0O © COOOO © OO © COOOOOOO0O0O0000000000000RO © OO0 © RRRERERERERRERRERERERERRRRRR

Unit

photovoltaic  photovoltaic
panel, single- panel, multi-
Si, at plant Si, atplant
APAC APAC
1 1
m2 m2
o o
0 0
0 0
o o
o o
o o
o o
o o
0 1
1 0
o o
o o
o o
o o
o o
0 0
0 0
0 0
373E40  B73E+0
8.75E-3 8.75E-3
4.00E-6 4.00E-6
5.03E+0 5.03E+0
8BIE+0  BBIEHD
1.03E-1 1.03E-1
- 9.35E-1
93561 5
213640 213640
12962 12082
72564 72564
2.81E-3 2.81E-3
2.38E-2 2.38E-2
8.81E+0 8.81E+0
1.03E-1 1.03E-1
2.95E-1 295E-1
8.75E-1 8.75E-1
112E-1 112E-1
3.46E-1 3.46E-1
122E-1 122E-1
7.63E-1 7.63E-1
159E-2 159E-2
5.00E-2 5.00E-2
6.24E-2 6.24E-2
14764 147E-4
5.14E2 51482
11662 116E-2
585E+0  5.85E+0
4.25E+1 4.25E+1
3.00E-2 3.00E-2
112E-1 112E-1
164E40  164E+0
161E-3 161E-3
5.03E-3 5.03E-3
1.34E+1 1.34E+1
8.06E-3 8.06E-3
2.18E-2 2.18E-2

photovoltaic  photovoltaic
et

jaminate,

single-Si,at  multi-Si, at
plant plant

373E+0

7.63E-1

159E-2
5.00E-2
6.24E-2
147E-4
5.14E-2
116E-2
5.64E+0
4.12E+1

3.00E-2
11261
164E+0
161E-3

5.03E-3
134E+1

8.06E-3
218E2

laminate,

cococooocorococoooooooo

3.73E40

7.63E-1

159E-2
5.00E-2
6.24E-2
14764
5.14E-2
116E-2
5.64E+0
4.12E41

3.00E-2
11261
164E+0
161E-3

5.03E-3
134E+1

8.06E-3
218E-2

UncertaintyType

StandardDeviation95%

GeneralComment

114 (331119

); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.14 (33,1,1,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

)

)

1.14 (3,3,1,1,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.14 (3,3,1,1,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

114 (3,3,1,1,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

1.29 (3,4,3.3,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
3.02 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1.3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,13,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1.3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3); de Wild-Scholten (2012) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1.3.1,3); de Wild-Scholten (2012) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1,4,1.3.1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1.3,1,3); de Wild-Scholten (2012) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1.3.1,3); de Wild-Scholten (2012) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1.3.1,3); de Wild-Scholten (2012) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (34,3.3.1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3,4,3.3,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3,4,3.3,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3,4,3.3,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3,4,3.3.1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
):
):

1.24 (1,4,1.3.3,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1.3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

113 (1.4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

1.13 (1,41.3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1,41,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

113 (1.4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

1.13 (1,4,1.3.1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1,4,1.3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1.3.1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.13 (1.4,1.3.1,3); de Wild-Scholten (2012) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (34,3.3.1,5); de Wild-Scholten (2012) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (34,3.3.1,5); de Wild-Scholten (2012) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 ( ; de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 ( ; de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3,4,3.3.1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
2.09 (455.,na,na,na,na); Standard distance 100km, cells 500km

2.09 (4,5,na,na,na,na); Standard distance 600km

1.5
,1.5)

113 (14,1,3,1,3); Asema (personal communication) 2007, production waste
113 (1,4,1.3,1,3); Calculation, including disposal of the panel after life time
113 (14,1.3,1,3); Calculation, including disposal of the panel after life time
1.13 (1.4,1.3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)

113 (1,4,1,3,1,3); Caleulation, water use

1.29 (34,3.3.1,5); Calculation, electricity use
209 (3.4.3,3,15): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
209 (3,43,3,15): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

161 (3.4,33,15); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3.4,3,3,1.5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
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Tab. 3.19 Unit process data of the photovoltaic laminate and panel production in Europe (RER); red
added exchanges compared to Jungbluth et al. (2012).

g
Name g
S
Location
InfrastructureProcess
Unit
product photovoltaic panel, mult-Si, at plant cN
photovoltaic panel, single-Si, at plant oN
photovoltaic laminate, multi-Si, at plant cN
photovoltaic laminate, single-Si, atplant ~ CN
photovoltaic panel, mult-Si, at plant us
photovoltaic panel, single-Si, at plant us
photovoltaic laminate, multi-Si, at plant us
photovoltaic laminate, single-Si, atplant  US
photovoltaic panel, muli-Si, at plant APAC
photovoltaic panel, single-Si, at plant APAC
photovoltaic laminate, muli-Si,atplant  APAC
photovoltaic laminate, single-Si, atplant  APAC
photovoltaic laminate, single-Si, atplant  RER
photovoltaic panel, single-Si, at plant RER
photovoltaic laminate, mult-Si, atplant ~ RER
photovoltaic panel, mult-Si, at plant RER
photovoltaic laminate, ribbon-Si, atplant  RER
photovoltaic panel, ribbon-Si, at plant RER
electricity, medium voltage, production
technosphere | ¢ ird0Y. e ENTSO
electricity, medium voltage, atgrid oN
electricity, medium voltage, atgrid us
electricity, medium voltage, at grid P
nawral gas, burned in industial funace oo
Tow-NOX>100kW
diesel, buned in building machine eLo
infrastructure photovoltaic panel factory cLo
tap water, atuser RER
tempering, flat glass RER
wire drawing, copper RER
cells photovoltaic cell, multi-Si, at plant RER
photovoltaic cell, single-Si, at plant RER
photovoltaic cell, ribbon-Si, at plant RER
photovoltaic cell, multi-Si, at plant oN
photovoltaic cell, single-Si, at plant cN
photovoltaic cell, multi-Si, at plant us
photovoltaic cell, single-Si, at plant us
photovoltaic cell, multi-Si, at plant APAC
photovoltaic cell, single-Si, at plant APAC
materials aluminium alloy, AMg3, at plant RER
nickel, 99.5%, at plant 6Lo
brazing solder, cadmium free, at plant RER
tin, at regional storage RER
lead, at regional storage RER
silver, at regional storage RER
diode, unspecified, at plant cLo
polyethylene, HDPE, granulate, atplant  RER
solar glass, low-iron, at regional storage  RER
copper, atregional storage RER
glass fibre reinforced plastic, polyamide,
injection moulding, at plant
ethyvinylacetate, foil, at plant RER
polyinyifiuoride film, at plant us
polyethylene terephthalate, granulate, -
amorphous, at plant
silicone product, at plant RER
auxiary acetone, liquid, at plant RER
materials methanol, at regional storage CH
vinyl acetate, at plant RER
lubricating oil, at plant RER
corrugated board, mbed fire, single wall, e
atplant
1-propanol, at plant RER
EUR-fat pallet RER
hydrogen fluoride, at plant eLo
isopropanol, at plant RER
potassium hydroxide, atregional storage  RER
soap, atplant RER
wransport ransport, lorry >161,fleet average RER
ransport, freight, rail RER
disposal {isposal. municipal solid waste 229%
water, to municipal incineration
disposal, polyinyfuoride, 0.2% water,to
municipal incineration
disposal,plastics, mixure, 15.3% water, o
municipal incineration
disposal, used mineral oil 10% water,fo
hazardous waste incineration
treatment, sewage, fom residence, to -
wastewater reatment, class 2
emissionair  Heat, waste -
ransport, transoceanic freight ship oce
transport, aircratt, freight RER

NMVOC, non-methane volatile organic
compounds, unspecified origin
Carbon dioxide, fossil -

InfrastructureProcess

© ©c0000000 © COOO0O © OO © COOOOO0000000000000000O0RO © 000 © RRRERRRERRERERRERERERERERRR

Unit

photovoltaic
panel, single-
Si, atplant

]
m
3

®

coccorococococoocoocoooocodk

373E+0

1.29E-2
7.25E-4
281E-3
238E-2
8.81E+0
1.03E-1
2.95E-1
8.75E-1
11261
3.46E-1
12261

7.63E-1

159E-2
5.00E-2
6.24E2
14764
5.14E-2
116E-2
5.85E+40
4.25E+1

3.00E-2
11261
1.64E+0
161E-3

5.03E-3
1.34E+1

8.06E-3
218E-2

photowoltaic
panel, muli-Si,
atplant

]
m
3

&

coroO0OOCOOCOOOOOOCOOOR R

3.73E+0

8.75E-3

213E+0

129E-2
72564
281E-3
238E-2
8.81E+0
1.03E-1

2.95E-1

8.75E-1
11261

346E-1
12261

7.63E-1

159E-2
5.00E-2
6.24E-2
147E-4
5.14E-2
116E-2
5.85E+0
4.25E+1

3.00E-2
11261
164E+0
161E-3

5.03E-3
134E+1

8.06E-3
218E-2

photovoltaic  photovoltaic
la lamit

minate, minate,

single-Si,at  mult-Si, at
plant plant
RER RER

1 1

m2 m2

[ 0

0 o

0 0

0 [

[ 0

0 [

0 [

0 0

0 [

[ 0

0 [

[ 0

1 [

0 0

0 1

0 0

0 [

0 0
373640 373E+0
8753 87563
4.00E-6 4.00E-6
503E+0  503E+0
881E+0  B881E+0
1.03E-1 103E-1

- 9.35E-1
935E-1 -
1.29E-2 129E2
72564 7.25E-4
281E3 281E3
238E-2 238E-2
881E+0  B881E+0
103E-1 103E-1
295E-1 295E-1
8.75E-1 8.75E-1
11261 11261
346E-1 346E-1
12261 12261
763E-1 7.63E-1
159E-2 159€-2
5.00E-2 5.00E-2
624E2 6.24E2
L47E-4 14764
514E-2 5.14E2
1.16E-2 116E2
564E+0  5.64E+0
412841 412E41
3.00E-2 3.00E-2
11261 11261
164E+0  1B4E+0
161E-3 161E3
5.03E-3 5.03E-3
134E+1  134E+1
8.06E-3 8.06E-3
2182 218E2

UncertaintyType
StandardDeviation95%

GeneralComment

114 (3,3,1,1,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

1.14 (33,1,1,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.14 (33,1,1,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.14 (33,1,1,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

114 (33,1,1,1,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

1.29 (3.4,3,3,1,5): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
3.02 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (14,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,13,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoliaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1,3,1,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoliaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1,3,1,3): de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1,3,1,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (14,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,31,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3.4,3,3,1,5): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3.4,3,3,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3.4,3,3,1,5): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
129 (3.4,3,3,1,5): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
129 (3.4,3,3,15); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.24 (1.4,1,33,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

113 (1.4,1,3.1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

113 (1.4,1,3,1,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (14,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

113 (1.4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

113 (1,4,1,3,1,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoliaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1,31,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
113 (1.4,1,3,1,3): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3.4,3:3,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3.4,3,3,1,5): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3.4,3,3,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

)

)

1.29 (3.4,33,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29 (3.4,3,3,1,5): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
2.09 (4,5,na,na,na,na); Standard distance 100km, cells 500km

2.09 (4,5,na,na,na,na); Standard distance 600km

113 (14,1,3,1,3); Alsema (personal communication) 2007, production waste

1.13 (14,1,3,1,3); Calculation, including disposal of the panel after life ime:

1.13 (1,4,1,3,1,3); Calculation, including disposal of the panel after life ime:

113 (1,4,1,3,1,3); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

113 (1,4,1,3,1,3); Calculation, water use

1.29 (3,4,33,1,5); Calculation, electricity use
209 (3.4,3,3.1,5): de Wild-Scholten (2014) Life Cycle Assessment of Photowoltaics Status 2011, Part 1 Data Collection (Table 37)
2,09 (3,4,33,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

161 (3.4,3,3,1,5); de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)
1.29/(3.4,3,3,1,5): de Wild-Scholten (2014) Life Cycle Assessment of Photovoltaics Status 2011, Part 1 Data Collection (Table 37)

Tab. 3.20 and Tab. 3.21 show the unit process data of the photovoltaic laminate and
panel market mix in Europe (RER) and North America (US). The market shares for
laminate and panels in the different regions of the world are shown in Tab. 3.3. The
European market shares are extrapolated to 100 % because supply in 2011 did not fully
match with the installed capacity in the same year.
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Tab. 3.20 Unit process data of the photovoltaic laminate and panel market mix in Europe (RER).

Name

Location
InfrastructureProcess
Unit
photovoltaic laminate, multi-Si, at
regional storage
photovoltaic laminate, single-Si, at
regional storage
photovoltaic panel, multi-Si, at regional
storage
photovoltaic panel, single-Si, at regional
storage
photowoltaic panel, multi-Si, at plant
photowoltaic panel, single-Si, at plant
photowoltaic laminate, multi-Si, at plant
photowoltaic laminate, single-Si, at plant
photowoltaic panel, multi-Si, at plant
photowoltaic panel, single-Si, at plant
photowoltaic laminate, multi-Si, at plant
photowoltaic laminate, single-Si, at plant
photovoltaic panel, multi-Si, at plant
photowoltaic panel, single-Si, at plant
photovoltaic laminate, multi-Si, at plant
photovoltaic laminate, single-Si, at plant
photovoltaic panel, multi-Si, at plant
photowoltaic panel, single-Si, at plant
photovoltaic laminate, multi-Si, at plant
photowoltaic laminate, single-Si, at plant

modules

transport transport, transoceanic freight ship

transport, freight, rail
transport, lorry >16t, fleet average

Location

RER

RER
RER

Infrastructure

Pracess

OO0 O PRRPRPRRPRPPRPRPRPEPPRPERPRRERPEPR

Unit

m2

m2

m2

m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2

tkm

tkm
tkm

photovoltaic
laminate,
multi-Si, at
regional
storage
RER
1
m2

1.00E+0

5.88E-2

2.09E+2

2.49E+0
6.22E-1

plf;oéoi\r/]lzll:zlc photowvoltaic  photowoltaic
single-Si Iat panel, multi- panel, single-
reg iona] Si, atregional Si, atregional
st?;rage storage storage
RER RER RER
1 1 1
m2 m2 m2
0 0 0
1.00E+0 0 0
0 1.00E+0 0
0 0 1.00E+0
= 1.45E-1 =
= = 1.45E-1
1.45E-1 = =
= 7.96E-1 =
= > 7.96E-1
7.96E-1 > =
= 5.88E-2 =
= > 5.88E-2
5.88E-2 > =
2.09E+2 2.53E+2 2.53E+2
2.48E+0 3.01E+0 3.01E+0
6.20E-1 7.53E-1 7.52E-1

Uncertainty Ty

PR P RPRPRPRPREPRPRRPRERRERRRPRR

GeneralComment

StandardDevi
ation95%

3.27 (5,1,1,1,1,5); modules produced in Europe
3.27 (5,1,1,1,1,5); modules produced in Europe
3.27 (5,1,1,1,1,5); modules produced in Europe
3.27 (5,1,1,1,1,5); modules produced in Europe
3.27 (5,1,1,1,1,5); module import from US

3.27 (5,1,1,1,1,5); module import from US

3.27 (5,1,1,1,1,5); module import from US

3.27 (5,1,1,1,1,5); module import from US

3.27 (5,1,1,1,1,5); module import from China
3.27 (5,1,1,1,1,5); module import from China
3.27 (5,1,1,1,1,5); module import from China
3.27 (5,1,1,1,1,5); module import from China
3.27 (5,1,1,1,1,5); module import from APAC
3.27 (5,1,1,1,1,5); module import from APAC
3.27 (5,1,1,1,1,5); module import from APAC
3.27 (5,1,1,1,1,5); module import from APAC
(4,5,na,na,na,na); Import of modules from
China: 19994.192 km and Malaysia: 15549.392
2.09 (4,5,na,na,na,na); Standard distance 200km
2.09 (4,5,na,na,na,na); Standard distance 50km

2.09

Tab. 3.21 Unit process data of the photovoltaic laminate and panel market mix in North America (US).

Name

Location
InfrastructureProcess
Unit
photovoltaic laminate, multi-Si, at
regional storage
photovoltaic laminate, single-Si, at
regional storage
photovoltaic panel, multi-Si, at regional
storage
photovoltaic panel, single-Si, at regional
storage
photowoltaic panel, multi-Si, at plant
photowoltaic panel, single-Si, at plant
photowoltaic laminate, multi-Si, at plant
photowoltaic laminate, single-Si, at plant
photowoltaic panel, multi-Si, at plant
photowoltaic panel, single-Si, at plant
photowoltaic laminate, multi-Si, at plant
photowoltaic laminate, single-Si, at plant
photowoltaic panel, multi-Si, at plant
photowoltaic panel, single-Si, at plant
photowoltaic laminate, multi-Si, at plant
photowoltaic laminate, single-Si, at plant
photowoltaic panel, multi-Si, at plant
photowoltaic panel, single-Si, at plant
photowoltaic laminate, multi-Si, at plant
photowoltaic laminate, single-Si, at plant

modules

transport transport, transoceanic freight ship

transport, freight, rail
transport, lorry >16t, fleet average

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain

Location

us

us

RER

APAC
APAC
APAC
APAC

OCE

RER
RER

Infrastructure

Process

OO0 O PRRPRRPRRPREPRPRPRPREPRLRERRRERR

Unit

m2

m2

m2

m2

m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2

tkm

tkm
tkm

photovoltaic
laminate,
multi-Si, at
regional
storage
us
1
m2

1.00E+0

1.45E+2

2.49E+0
6.22E-1

photqvoltalc photovoltaic  photovoltaic
laminate, 3 .
X . panel, multi- panel, single-
single-Si,at _. . " 8
N Si, atregional Si, at regional
regional
storage storage
storage
us us us
1 1 1
m2 m2 m2
0 0 0
1.00E+0 0 0
0 1.00E+0 0
0 0 1.00E+0
- 4.39E-1 -
- - 4.39E-1
4.39E-1 - -
° 5.61E-1 e
° 2 5.61E-1
5.61E-1 2 e
1.45E+2 1.75E+2 1.75E+2
2.48E+0 3.01E+0 3.01E+0
6.20E-1 7.53E-1 7.52E-1

Uncertainty Ty
StandardDevi

PR P RPRRPRPRPPRPRERRRRPRR

GeneralComment

ation95%

3.27 (5,1,1,1,1,5); modules produced in Europe
3.27 (5,1,1,1,1,5); modules produced in Europe
3.27 (5,1,1,1,1,5); modules produced in Europe
3.27 (5,1,1,1,1,5); modules produced in Europe
3.27 (5,1,1,1,1,5); module import from US

3.27 (5,1,1,1,1,5); module import from US

3.27 (5,1,1,1,1,5); module import from US

3.27 (5,1,1,1,1,5); module import from US

3.27 (5,1,1,1,1,5); module import from China
3.27 (5,1,1,1,1,5); module import from China
3.27 (5,1,1,1,1,5); module import from China
3.27 (5,1,1,1,1,5); module import from China
3.27 (5,1,1,1,1,5); module import from APAC
3.27 (5,1,1,1,1,5); module import from APAC
3.27 (5,1,1,1,1,5); module import from APAC
3.27 (5,1,1,1,1,5); module import from APAC
(4,5,na,na,na,na); Import of modules from
China: 20755.364 km

2.09 (4,5,na,na,na,na); Standard distance 200km
2.09 (4,5,na,na,na,na); Standard distance 50km

2.09
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3.8 CI(G)S modules

Tab. 3.22 shows the unit process data of the CI(G)S photovoltaic laminate and cell pro-
duction in Europe (Germany, DE).

The data on material, energy consumption and emissions correspond to the life cycle
inventory data of CI(G)S laminate and panels published by Jungbluth et al. (2012) up-
dated with information published by de Wild-Scholten (2014).

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain treeze Ltd.
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Tab. 3.22 Unit process data of the CI(G)S photovoltaic laminate and cell production in Europe (Germa-
ny, DE); red added exchanges compared to Jungbluth et al. (2012).

9 3
g P
8 é s
§ & . photowlaic photowltaic §
Name § 5 5  laminate, panel,CIS,at § &  GeneralComment
s s CIS, atplant plant 3 T
H g E
g 5 2
€ g
E &
Location DE DE
InfrastructureProcess 1 1
Unit m2 m2
product photovoltaic laminate, CIS, at plant DE 1 m2 100E+0 0
photowoltaic panel, CIS, at plant DE 1 m2 0 1.00E+0
technosphere  electricity, medium voltage, at grid DE 0 KWh 447E+L - 1 107 (1.111.13);compan coating, ail water ete
natural gas, burned in boiler condensing
(1,1,1,1,1,3); ild- holte e el
modulating >100kW RER 0 M 1 107 de (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
light fuel o, burned in industial fumace 1MW, o o\ VeSO | | 107 [(1.2.1.0.09): Reugel, feranre
non-modulating
infrastructure photowltaic panel factory GLO 1 unit  400E-6 B 1302 (141313 Assumption
tap water, atuser RER 0 kg  131E+2 - 1 107 (1111,13) companyinformation
tempering, flat glass RER 0 kg  7.70E+0 - 1 107 (L1111.9);Assumption
materials photowoltaic laminate, CIS, at plant DE 1 m2 - 100E+0 1 300 (L1,1113);Assumption
aluminium alloy, AMg3, at plant RER 0 kg - 220E+40 1 107 (111.1.3);companyinformation
copper, atregional storage RER 0 kg  9.77E-3 - 1 107 (1.11113);companyinformation
aluminium, production mix, at plant RER 0 kg  4.44E:2 1 107 (111.113);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
flat glass, uncoated, at plant RER 0 kg  527E+0 1107 (1.11,1,1,3); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
diode, unspecified, at plant GLO 0 kg  144E3 1107 (111113 de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
silicone product, at plant RER 0 kg  4.04E-1 1 107 (1111.1.3);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
coating molybdenum, at regional storage RER 0 kg  6.0GE-3 1113 (3221,13) comp: and for share of metals
indium, at regional storage RER 0 kg 28263 5 1113 (3221,13); comp: and for share of metals
h ’
;T‘:n';”“'“ sulphide, semiconductor-grade,at sy pgoE.4 1 107 (11.1.1,13); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
gz’\\ru:gn; semiconductor-grade. atregional  peo o o gooes . 1| 113 |@z211.2) compan and or share of metals
selenium, at plant RER 0 kg  560E-3 1 113 (322.1,1,3);compan and for share of metals
:T::mm sulphide, semiconduciorgrade.at ¢ o g . . 1| 113 |@22.1.1.2) compan and or share of metals
zinc, primary, at regional storage RER 0 kg - - 1 113 (322.1,1,3); compan and for share of metals
tin, atregional storage RER 0 kg  123E2 1 113 (322.1,1,3); compan and for share of metals
solar glass, low-iron, at regional storage RER 0 kg  7.70E+0 1 107 (1.1,1113);companyinformation
fi I yami )
0 e e plasicpelup ey RER 0 kg - 400E2 1 107 (1,11113);Raugei, literature
injection moulding, at plant
ethyhinylacetate, foil, at plant RER 0 kg  751E-1 1 107 (1.11113);companyinformation
flux, wave soldering, at plant GLO 0 ky  123E2 1 107 (1.1111.3);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
zinc oxde, at plant RER 0 kg 9.09E-3 1 107 (1,1,1,1,1,3);de Wild. hol (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
wire drawing, copper RER 0 kg  9.77E3 1107 (L11.1,13);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
Iyethylene terephthalat lat
[l D e R e, RER 0 kg  336E-1 1 107 (11.1,1,13);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
amorphous, at plant
polyethylene, HDPE, granulate, at plant RER 0 kg  4.84E2 1107 (L11.1,13); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
polyinyibutyral foil, at plant RER 0 kg  L189E-L 1107 (111.1,1,3); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
polyphenylene sulfide, at plant GLO 0 ky  BS9E:2 1 107 (1111.13);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
ausiliaries acetone, liquid, at plant RER 0 kg - - 1 116 (3.13.1.3) Cleaning agent, Ampenberg 1998
argon, liquid, at plant RER 0 kg  190E-2 - 1 107 (L111,13);protecion gas, companyinformation
buty acrylate, at plant RER 0 kg  101E-1 1107 (1.1,11.13);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
diborane, at plant GLO 0 ky  201E-4 1 107 (111.113);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
sulphuric acid, liquid, at plant RER 0 kg  331E-2 1107 (111.1,13); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
hydrogen sulphide, H2S, at plant RER 0 kg  L191E-1 . 1107 (111113 de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
h b H20,
f“‘fg“;:“plaf["x‘de 50%inH20,production  ppp o W0 33E - 1 107 (11.1.1,13); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
hydrogen peroxide, 50% in H20, at plant RER 0 kg  281E2 - 1 107 (1.11113);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
hydrochloric acid, 30% in H20, at plant RER 0 kg  9.94E-2 = 1 107 (1,1,1,,1,3); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
nitrogen, liquid, at plant RER 0 kg  L157E+l - 1 107 (1.11113);protection gas, companyinformation
ammonia, liquid, atregional storehouse RER 0 kg  9.29E-2 B 1 107 (1.1,1113);dip coating for CdS, companyinformation
urea, as N, atregional storehouse RER 0 kg 11563 1 116 (3.13.1.1.3);dip coating for CdS, Ampenberg 1998
EUR-flat pallet RER 0 unit  5.00E-2 1 107 (1.11113);de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
transport transport, lorry >16t,fleet average RER 0 tm 314E+0 22561 1 2.09 (45nananana);Standard distance 100km
wransport, freight, rail RER 0 tm 187E+1  134E+0 1 209 (45nananana);Standard distance 600km
) disposal, waste, Si waferprod., inorg, 9.4%
disposal | = L el tandil CH 0 kg 20262 1 124 (3.1.133);companyinformation, amountof deposited waste, own estimation for type
disposal, plastics, mixure, 15.3% water, to
LS P L5 Gl s CH 0 kg  751E1 400E2 1 107 (1,1,1113); Calculation for plastic parts bumed after recycling
municipal incineration
It VA e B0l (O e CH 0 kg  650E-1 - 1 107 (11.1,1,13); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
material landfill
I, glass, 0% water, t ]
?n‘ilz‘saau"fnass'o VRIS CH 0 kg  344E+0 - 1 107 (11.1,1,13); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
wreatment, glass production effluent, to
R L e e CH 0 m3 - - 1 107 (1.11113);companyinformation
(e SRR I DR qu ) @y agiEa - 1 107 (1,1,11,13); de Wild-Scholten (2014) Life Cycle of Status 2011, Part 1 Data Collection (Table 46)
treatment, class 3
emissionair  Heat, waste - - M 161ER2 - 1 107 (1.11113);Calculation
Cadmium - - kg 21068 - 1 500 (3433.15);Rough estimation

3.9 CdTe modules

Tab. 3.23 shows the unit process data of the CI(G)S photovoltaic laminate and cell pro-
duction in Europe (Germany, DE).
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The data on material, energy consumption and emissions remain unchanged and corre-
spond to the life cycle inventory data of CdTe laminate published by Jungbluth et al.

(2012).

Tab. 3.23 Unit process data of the CdTe photovoltaic laminate production in Europe (Germany, DE),
Asia & Pacific (Malaysia, MY) and North America (United States of America, US)

Explanations

Outputs

technosphere

04

Waste

air, high. pop.

Name

Location

InfrastructureProcess
Unit
photovoltaic laminate, CdTe, at plant
photovoltaic laminate, CdTe, at plant
photovoltaic laminate, CdTe, at plant

electricity, medium woltage, at grid
electricity, medium woltage, at grid
electricity, medium woltage, at grid

natural gas, burned in boiler modulating >100kwW
photovoltaic panel factory

tap water, at user

tempering, flat glass

copper, at regional storage

silicone product, at plant

solar glass, low-iron, at regional storage

flat glass, uncoated, at plant

glass fibre reinforced plastic, polyamide, injection moulding, at plant

ethylvinylacetate, foil, at plant

cadmium telluride, semiconductor-grade, at plant

cadmium sulphide, semiconductor-grade, at plant

nitric acid, 50% in H20, at plant

sulphuric acid, liquid, at plant

silica sand, at plant

sodium chloride, powder, at plant

hydrogen peroxide, 50% in H20, at plant

isopropanol, at plant

sodium hydroxide, 50% in H20, production mix, at plant

chemicals inorganic, at plant

chemicals organic, at plant

nitrogen, liquid, at plant

helium, at plant

corrugated board, mixed fibre, single wall, at plant
transport, lorry >16t, fleet average

transport, freight, rail

transport, transoceanic freight ship

disposal, municipal solid waste, 22.9% water, to municipal incineration

disposal, plastics, mixture, 15.3% water, to municipal incineration
treatment, sewage, unpolluted, to wastewater treatment, class 3
Heat, waste

Cadmium

water, unspecified Cadmium, ion

Location

DE

us

DE

MY

CH

CH
CH

Infrastructure-

Process

Unit

m2
m2

m2
kWh
kwh

kwh

unit
kg
kg
kg
kg
kg
kg

kg

kg

kg

kg

kg
kg
kg
kg
kg
kg
kg

kg

kg

kg
kg
kg
tkm
tkm

tkm

kg

kg

m3

kg

kg

laminate, CdTe,
atplant

DE

m2

2.79E+1

5.50E+0
4.00E-6
1.15E+2

8.34E+0
1.05E-2

3.07E-3
8.34E+0

8.16E+0

1.08E-1

4.77E-1

2.33E-2

3.52E-3

5.72E-2
3.93E-2
4.68E-2
4.53E-2
1.67E-2
2.08E-3
4.93E-2

3.76E-2

9.74E-3

7.32E-2
3.64E-2
5.22E-1

5.87E+0

3.00E-2

7.08E-1
3.41E-2
2.09E+2
5.34E-9

4.43E-7

laminate, CdTe,
atplant

3.02E+1

4.00E-6
2.11E+2

8.38E+0
1.16E-2

3.07E-3
8.38E+0

8.13E+0
1.08E-1

4.86E-1

2.34E-2
3.52E-3

5.72E-2
3.93E-2
4.68E-2
4.53E-2
1.67E-2
2.08E-3
4.93E-2

3.76E-2
9.74E-3

7.32E-2
3.64E-2
5.22E-1
4.13E-1
5.35E+0

2.31E+2

3.00E-2

7.08E-1

2.09E+2
5.34E-9

4.43E-7

laminate, CdTe,
atplant

us

m2

2.95E+1

1.16E+1
4.00E-6
1.32E+2

8.47E+0
1.10E-2
3.07E-3
8.47E+0

8.25E+0

1.08E-1

4.86E-1

2.58E-2

3.52E-3

5.72E-2
3.93E-2
4.68E-2
4.53E-2
1.67E-2
2.08E-3
4.93E-2

3.76E-2

9.74E-3

7.32E-2
3.64E-2
5.22E-1

7.75E+0

3.00E-2

7.08E-1
6.16E-2
2.09E+2
5.34E-9

4.43E-7

uncertainty Type

g
3

StandardDeviation

1.07
3.04
1.07

1.07
1.29
5.00

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain

GeneralComment

(1,1,1,1,1,3,BU:1.05); 2010 data for
First Solar in Germany
(1,1,1,1,1,3,BU:1.05); 2010 data for
First Solar in Malaysia
(1,1,1,1,1,3,BU:1.05); 2011 data for
First Solar in US
(1,1,1,1,1,3,BU:1.05); 2010 data for
First Solar in US
(3,4,3,1,1,3,BU:3); Assumption
(1,1,1,1,1,3,BU:1.05); 2010 data for
First Solarin US
(1,1,1,1,1,3,BU:1.05); 2010 data for
First Solar in US
(1,1,1,1,1,3,BU:1.05); 2010 data for
First Solar in US
(1,2,2,3,1,3,BU:1.05); Fthenakis,
literature

(1,1,1,1,1,3,BU:1.05); 2010 data for
First Solar in US
(1,1,1,1,1,3,BU:1.05); 2010 data for
First Solar in US

(1,4,3,3,1,3,BU:1.05); Fthenakis,
literature, sum up of several materials

(1,1,1,1,1,3,BU:1.05); 2010 data for
First Solarin US
(1,1,1,1,1,3,BU:1.05); 2010 data for
First Solar in US
(1,4,3,3,1,3,BU:1.05); Fthenakis,
literature, incl. Part of Cd compound
powder

(1,4,3,3,1,3BU:1.05); Fthenakis,
literature

(1,4,3,3,1,3,BU:1.05); Fthenakis,
literature

(1,4,3,3,1,3,BU:1.05); Fthenakis,
literature

(1,4,3,3,1,3BU:1.05); Fthenakis,
literature

(1,4,3,3,1,3,BU:1.05); Fthenakis,
literature

(1,4,3,3,1,3,BU:1.05); Fthenakis,
literature

(1,4,3,3,1,3BU:1.05); Fthenakis,
literature

(1,1,1,1,1,3,BU:1.05); 2010 data for
First Solarin US
(1,4,3,3,1,3,BU:1.05); Fthenakis,
literature, sum up of several
chemicals

(1,4,3,3,1,3,BU:1.05); Fthenakis,
literature

(1,4,3,3,1,3BU:1.05); Fthenakis,
literature

(1,1,1,1,1,3,BU:1.05); 2010 data for
First Solarin US

(1,1,1,1,1,3,BU:2); 2010 data for First
Solarin US

(1,1,1,1,1,3,BU:2); 2010 data for First
Solar in Malaysia

(1,1,1,1,1,3,BU:2); 2010 data for First
Solar in Malaysia
(1,4,3.3,1,3,BU:1.05); Asema
(personal communication) 2007,
production waste
(1,4,3,3,1,3,BU:1.05); Calculation
(1,1,1,1,1,3,BU:1.05); 2010 data for
First Solar in US
(3,4,3,3,1,5,BU:1.05); Calculation
(1,1,1,1,1,3,BU:5); 2010 data for First
Solarin US

(1,1,1,1,1,3,BU:3); 2010 data for First
Solarin US
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3.10 3 kWp photovoltaic power plants

3.10.1 Efficiencies and amount of panel per 3kWp power plant

The amount of panels necessary for a 3 kWp plant is calculated with the efficiency and
the cell surface of the panel. The efficiencies and the surface areas of the 3 kWp power
plants are shown in Tab. 3.24. For a-Si, CdTe and CI(G)S there is no “cell” as such.
Thus, the area of cell and panel is the same. Also the efficiency is not differentiated.
Thus, it is the same for cell and panel.

Tab. 3.24 Cell and panel efficiencies including amount of panels per 3 kWp power plants of the different

cell types
amount of .

cell module active panel

cell type _ . cellarea | cells | panels per .
efficiency | efficiency surface | capacity rate
3 kWp

% % cm? | unitm? m? m? Wp/m?
single-Si 16.5% 15.1% 243 37.6 19.9 18.2 151
multi-Si 16.1% 14.7% 243 37.6 20.4 18.7 147
ribbon-Si 13.7% 12.5% 243 37.6 24.0 21.9 125
a-Si 6.45% 6.5% 10000 1 46.5 46.5 65
CI(G)S 10.8% 10.8% 10000 1 27.7 27.7 108
CdTe 13.4% 13.4% 10000 1 22.4 22.4 134

3.10.2 Single-crystalline photovoltaic power plants

Tab. 3.25, Tab. 3.26, Tab. 3.27 and Tab. 3.28 show the unit process data of single-
crystalline photovoltaic power plants (installations) with a nominal output of 3 kWp,
installed in Europe (RER), North America (US), Asia & Pacific (APAC) and China
(CN). The life cycle inventory data of the photovoltaic power plants with a nominal
output of 3 kWp correspond to the life cycle inventories of 3 kWp power plants pub-
lished by Jungbluth et al. (2012).
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Tab. 3.25 Unit process data of single-crystalline photovoltaic power plants (installations) with a nominal
output of 3 KWp, installed in Europe (RER).

technosphere

emission air

product

Name

Location
InfrastructureProcess
Unit

electricity, low wltage, production ENTSO, at grid

inverter, 2500W, at plant

electric installation, photowoltaic plant, at plant
facade construction, mounted, at building
facade construction, integrated, at building
flat roof construction, on roof

slanted-roof construction, mounted, on roof
slanted-roof construction, integrated, on roof
photovoltaic laminate, single-Si, at regional
storage

photovoltaic panel, single-Si, at regional storage
operation, lorry 20-28t, empty, fleet average

transport, van <3.5t

transport, lorry >16t, fleet average

Heat, waste

3kWp facade installation, single-Si, laminated,
integrated, at building

3kWp facade installation, single-Si, panel,
mounted, at building

3kWp flat roof installation, single-Si, on roof
3kWp slanted-roof installation, single-Si,
laminated, integrated, on roof

3kWp slanted-roof installation, single-Si, panel,
mounted, on roof

Location

=NTSC

RER
CH
RER
RER
RER
RER
RER

RER

RER

CH

CH

RER

RER

RER
RER
RER

RER

InfrastructureProcess

PRl RrPreEE O

-

3kwp facade 3kwWp facade

installation, installation, 3kWp flat roof
z single-Si, single-Si, installation,
=] laminated, panel, single-Si, on
integrated, at mounted, at roof
building building
RER RER RER
i 1 1
unit unit unit
kwh 4.00E-2 4.00E-2 1.02E+0
unit 2.40E+0 2.40E+0 2.40E+0
unit 1.00E+0 1.00E+0 1.00E+0
m2 = 2.14E+1 °
m2 2.14E+1 - -
m2 - - 2.14E+1
m2 - - -
m2 = - -
m2 221E+1 - -
m2 B 2.21E+1 221E+1
vkm > > 8.00E+1
tkm 7.70E+0 4.09E+1 4.09E+1
tkm > = =
MJ 1.44E-1 1.44E-1 3.67E+0
unit 1.00E+0 0 0
unit 0 1.00E+0 0
unit 0 0 1.00E+0
unit 0 0 0
unit 0 0 0

3kwp
slanted-roof
installation,
single-Si,
laminated,
integrated,
on roof

RER
1
unit

2.30E-1

2.40E+0
1.00E+0

2.14E+1

2.21E+1

7.70E+0

8.28E-1

1.00E+0

0

3kwp
slanted-roof
installation,
single-Si,
panel,
mounted, on
roof

RER
il
unit

2.30E-1

2.40E+0
1.00E+0

2.14E+1

2.21E+1

4.09E+1

8.28E-1

1.00E+0

UncertaintyType

BR R R R R e e

-

R e

B

StandardDeviation95%

1.28

1.24
2.09
1.23
1.23
123
1.23
123

1.36

1.36
2.09
2.09

2.09
1.28

GeneralComment

(3,4,3,1,1,5); Energy use for erection of 3kWp
plant

(2,4,1,1,1,na); Literature, 1 repair in the life time
(3,4,3,1,1,5); Literature

(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3:4,3,1,1,5); Calculation, 2% of modules
repaired in the life time, 1% rejects
(3:4,3,1,1,5); Calculation, 2% of modules
repaired in the life time, 1% rejects
(3,4,3,1,1,5); crane 80km to construction place
(3,4,3,1,1,5); electric parts and panel 100km to
construction place

(3,4,3,1,1,5); 500km for import of panels and
laminates to Switzerland

(3,4,3,1,1,5); calculated with electricity use

Tab. 3.26 Unit process data of single-crystalline photovoltaic power plants with a nominal output of
America (US).

technosphere

emission air

product

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain

3 kWp, installed in North

Name

Location
InfrastructureProcess
Unit

electricity, low voltage, at grid

inverter, 2500W, at plant

electric installation, photovoltaic plant, at plant
facade construction, mounted, at building
facade construction, integrated, at building
flat roof construction, on roof

slanted-roof construction, mounted, on roof
slanted-roof construction, integrated, on roof
photovoltaic laminate, single-Si, at regional
storage

photovoltaic panel, single-Si, at regional storage
operation, lorry 20-28t, empty, fleet average

transport, van <3.5t

transport, lorry >16t, fleet average

Heat, waste

3kWp facade installation, single-Si, laminated,
integrated, at building

3kWp facade installation, single-Si, panel,
mounted, at building

3kWp flat roof installation, single-Si, on roof
3kWp slanted-roof installation, single-Si,
laminated, integrated, on roof

3kWp slanted-roof installation, single-Si, panel,
mounted, on roof

Location

us

RER
CH
RER
RER
RER
RER
RER

us

us

CH
CH

us

us
us
us

us

InfrastructureProcess

PRrEeRrPRe O

-

i

3kWp facade 3kWp facade

installation, installation, 3kWp flat roof
= single-Si, single-Si,  installation,
= laminated, panel, single-Si, on
integrated, at mounted, at roof
building building
us us us
1 1 1
unit unit unit
kwh 4.00E-2 4.00E-2 1.02E+0
unit 2.40E+0 2.40E+0 2.40E+0
unit 1.00E+0 1.00E+0 1.00E+0
m2 - 2.14E+1 -
m2 2.14E+1 - -
m2 - - 2.14E+1
m2 - - -
m2 - - -
m2 221E+1 - -
m2 - 221E+1 2.21E+1
vkm - - 8.00E+1
tkm 7.70E+0 4.09E+1 4.09E+1
tkm ° = =
M 1.44E-1 1.44E-1 3.67E+0
unit  1.00E+0 0 0
unit o 1.00E+0 0
unit o 0 1.00E+0
unit o 0 0
unit 0 0 0

3kWp
slanted-roof
installation,
single-Si,
laminated,
integrated,
on roof

us
1
unit
2.30E-1

2.40E+0
1.00E+0

2.14E+1
2.21E+1

7.70E+0

8.28E-1

1.00E+0

[

3kWp
slanted-roof
installation,
single-Si,
panel,
mounted, on
roof

us
1
unit

2.30E-1

2.40E+0
1.00E+0

2.14E+1

2.21E+1

4.09E+1

8.28E-1

1.00E+0

UncertaintyType

BR R R R R e

-

B

B

StandardDeviation95%

128

1.24
2.09
1.23
1.23
1.23
1.23
123

1.36
136
2.09
2.09

2.09
1.28

GeneralComment

(3.4,3,1,1,5); Energy use for erection of 3kwWp
plant

(2,4,1,1,1,na); Literature, 1 repair in the life ime
(3,4,3,1,1,5); Literature

(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,4,3,1,1,5); Calculation, 2% of modules
repaired in the life time, 1% rejects
(3/4,3,1,1,5); Calculation, 2% of modules
repaired in the life time, 1% rejects
(3,4,3,1,1,5); crane 80km to construction place
(3,4,3,1,1,5); electric parts and panel 100km to
construction place

(3,4,3,1,1,5); 500km for import of panels and
laminates to Switzerland

(3,4,3,1,1,5); calculated with electricity use
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Tab. 3.27 Unit process data of single-crystalline photovoltaic power plants (installations) with a nominal
output of 3 KWp, installed in Asia & Pacific (APAC).

technosphere

emission air

product

Name

Location
InfrastructureProcess
Unit

electricity, low woltage, at grid

inverter, 2500W, at plant

electric installation, photowoltaic plant, at plant
facade construction, mounted, at building
facade construction, integrated, at building
flat roof construction, on roof

slanted-roof construction, mounted, on roof
slanted-roof construction, integrated, on roof

photovoltaic laminate, single-Si, at plant

photovoltaic panel, single-Si, at plant
operation, lorry 20-28t, empty, fleet average

transport, van <3.5t

transport, lorry >16t, fleet average

Heat, waste

3kWp facade installation, single-Si, laminated,
integrated, at building

3kWp facade installation, single-Si, panel,
mounted, at building

3kWp flat roof installation, single-Si, on roof
3kWp slanted-roof installation, single-Si,
laminated, integrated, on roof

3kWp slanted-roof installation, single-Si, panel,
mounted, on roof

Location

RER

APAC

APAC
APAC
APAC

APAC

InfrastructureProcess

PRl RrPreEE O

3kwp facade 3kwWp facade

installation, installation, 3kWp flat roof
z single-Si, single-Si, installation,
=] laminated, panel, single-Si, on
integrated, at mounted, at roof
building building
APAC APAC APAC
i 1 1
unit unit unit
kwh 4.00E-2 4.00E-2 1.02E+0
unit 2.40E+0 2.40E+0 2.40E+0
unit 1.00E+0 1.00E+0 1.00E+0
m2 = 2.14E+1 °
m2 2.14E+1 - -
m2 - - 2.14E+1
m2 - - -
m2 = - -
m2 221E+1 - -
m2 B 2.21E+1 221E+1
vkm > > 8.00E+1
tkm 7.70E+0 4.09E+1 4.09E+1
tkm > = =
M 1.44E-1 1.44E-1 3.67E+0
unit 1.00E+0 0 0
unit 0 1.00E+0 0
unit 0 0 1.00E+0
unit 0 0 0
unit 0 0 0

3kwp 3kwp
slanted-roof  slanted-roof
installation, installation,
single-Si, single-Si,
laminated, panel,
integrated, mounted, on
on roof roof
APAC APAC
1 il
unit unit
2.30E-1 2.30E-1
2.40E+0 2.40E+0
1.00E+0 1.00E+0

B 2.14E+1
2.14E+1 -
2.21E+1 -

° 2.21E+1
7.70E+0 4.09E+1
8.28E-1 8.28E-1

0 0

0 0

0 0
1.00E+0 0

0 1.00E+0

UncertaintyType

BR R R R R e e

-

R e

B

StandardDeviation95%

1.28

1.24
2.09
1.23
1.23
123
1.23
123

1.36

1.36
2.09
2.09

2.09
1.28

GeneralComment

(3,4,3,1,1,5); Energy use for erection of 3kWp
plant

(2,4,1,1,1,na); Literature, 1 repair in the life time
(3,4,3,1,1,5); Literature

(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3:4,3,1,1,5); Calculation, 2% of modules
repaired in the life time, 1% rejects
(3:4,3,1,1,5); Calculation, 2% of modules
repaired in the life time, 1% rejects
(3,4,3,1,1,5); crane 80km to construction place
(3,4,3,1,1,5); electric parts and panel 100km to
construction place

(3,4,3,1,1,5); 500km for import of panels and
laminates to Switzerland

(3,4,3,1,1,5); calculated with electricity use

Tab. 3.28 Unit process data of single-crystalline photovoltaic power plants (installations) with a nominal
output of 3 kWp, installed in China (CN).

technosphere

emission air

product

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain

Name

Location
InfrastructureProcess
Unit

electricity, low voltage, at grid

inverter, 2500W, at plant
electric installation, photovoltaic plant, at plant
facade construction, mounted, at building
facade construction, integrated, at building
flat roof construction, on roof

slanted-roof construction, mounted, on roof
slanted-roof construction, integrated, on roof

photovoltaic laminate, single-Si, at plant

photovoltaic panel, single-Si, at plant
operation, lorry 20-28t, empty, fleet average

transport, van <3.5t

transport, lorry >16t, fleet average

Heat, waste

3kWp facade installation, single-Si, laminated,
integrated, at building

3kWp facade installation, single-Si, panel,
mounted, at building

3kWp flat roof installation, single-Si, on roof
3kWp slanted-roof installation, single-Si,
laminated, integrated, on roof

3kWp slanted-roof installation, single-Si, panel,
mounted, on roof

Location

CN
CH
CH

RER

CN

CN
CN
CN

CN

InfrastructureProcess

3kWp facade 3kWp facade

installation, installation, 3kWp flat roof
= single-Si, single-Si,  installation,
= laminated, panel, single-Si, on
integrated, at mounted, at roof
building building
CN CN CN
1 1 1
unit unit unit
kwh 4.00E-2 4.00E-2 1.02E+0
unit 2.40E+0 2.40E+0 2.40E+0
unit 1.00E+0 1.00E+0 1.00E+0
m2 - 2.14E+1 -
m2 2.14E+1 - -
m2 - - 2.14E+1
m2 - - -
m2 - - -
m2 221E+1 - -
m2 - 221E+1 2.21E+1
vkm - - 8.00E+1
tkm 7.70E+0 4.09E+1 4.09E+1
tkm ° = =
M 1.44E-1 1.44E-1 3.67E+0
unit  1.00E+0 0 0
unit o 1.00E+0 0
unit o 0 1.00E+0
unit o 0 0
unit 0 0 0

3kWp
slanted-roof
installation,
single-Si,
laminated,
integrated,
on roof

CN
1
unit
2.30E-1

2.40E+0
1.00E+0

2.14E+1
2.21E+1

7.70E+0

8.28E-1

1.00E+0

[

3kWp
slanted-roof
installation,
single-Si,
panel,
mounted, on
roof

CN
1
unit
2.30E-1

2.40E+0
1.00E+0

2.14E+1

2.21E+1

4.09E+1

8.28E-1

1.00E+0

UncertaintyType

BR R R R R e

-

B

B

StandardDeviation95%

128

1.24
2.09
1.23
1.23
1.23
1.23
123

1.36

136

2.09

2.09

2.09
1.28

GeneralComment

(3.4,3,1,1,5); Energy use for erection of 3kwWp
plant

(2,4,1,1,1,na); Literature, 1 repair in the life ime
(3,4,3,1,1,5); Literature

(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,1,1,1,1,na); calculation with m2 panel
(3,4,3,1,1,5); Calculation, 2% of modules
repaired in the life time, 1% rejects
(3/4,3,1,1,5); Calculation, 2% of modules
repaired in the life time, 1% rejects
(3,4,3,1,1,5); crane 80km to construction place
(3,4,3,1,1,5); electric parts and panel 100km to
construction place

(3,4,3,1,1,5); 500km for import of panels and
laminates to Switzerland

(3,4,3,1,1,5); calculated with electricity use
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3.10.3 Multi-crystalline photovoltaic power plants

Tab. 3.29, Tab. 3.30, Tab. 3.31 and Tab. 3.32 show the unit process data of multi-
crystalline photovoltaic power plants with a nominal output of 3 kWp installed in Eu-
rope (RER), North America (US), Asia & Pacific (APAC) and China (CN). The life
cycle inventory data of the photovoltaic power plants with a nominal output of 3 kWp
correspond to the life cycle inventories of 3 kWp power plants published by Jungbluth
et al. (2012). However, the modelled regions have been extended from two (RER and
CN) to four (RER, CN, APAC, US).

Tab. 3.29 Unit process data of multi-crystalline photovoltaic power plants (installations) with a nominal
output of 3 kWp, installed in Europe (RER).

R
@
a 3kWp facade 3kWp facade 5 Skwp g g
8 A . . . slanted-roof slanted-roof & §
c <3 installation, installation, 3kWp flatroof ° . . y [=E-]
S % g mutS,  muliSi, installaon, Sialon instlafon 3 g
Name g 5 5 e ' o o multi-Si, multi-Si, § @ GeneralComment
s 5 2 laminated, panel, multi-Si, on R g a
S s laminated panel =]
5 integrated, at mounted, at roof . : ! S F
a — L integrated, mounted,on £ <
g building building 2 c
€ on roof roof %
Location RER RER RER RER RER
InfrastructureProcess 1 1 1 1 1
Unit unit unit unit unit unit
P 4,3,1,1,5), Er i f 3kWj
Jow woltage, \ENTSO, atgrid NTSC 0 KkWh  4.00E-2 4.00E-2 1.02E+0 2.30E-1 230E-1 1128 Sémg 5); Energy use for erection of Skwp
inverter, 2500W, at plant RER 1 unit 2.40E+0 2.40E+0 2.40E+0 2.40E+0 240E+0 1 1.24 (2,4,1,1,1,na); Literature, 1 repair in the life ime
electric installation, photovoltaic plant, at plant CH 1 unit 1.00E+0 1.00E+0 1.00E+0 1.00E+0 1.00E+0 1 2.09 (3,4,3,1,1,5); Literature
facade construction, mounted, at building RER 1 m2 - 2.21E+1 - - - 1 1.23 (3,1,1,1,1,na); calculation with m2 panel
facade construction, integrated, at building RER 1 m2 221E+1 - - 1 1.23 (3,1,1,1,1,na); calculation with m2 panel
flat roof construction, on roof RER 1 m2 - 2.21E+1 - 1 1.23 (3,1,1,1,1,na); calculation with m2 panel
slanted-roof construction, mounted, on roof RER 1 m2 = e e = 2.21E+1 1 1.23 (3,1,1,1,1,na); calculation with m2 panel
slanted-roof construction, integrated, on roof RER 1 m2 - = = 221E+1 = 1 1.23 (3,1,1,1,1,na); calculation with m2 panel
photowvoltaic laminate, multi-Si, at regional RER 1 m2 227E+1 . _ 297E+1 . 1136 (3,4,3,1,1,5); Calculation, 2% of modules
storage : ; " repaired in the life time, 1% rejects
i i ,4,3,1,1,5); Calculation, 2% of I
photowoltaic panel, multi-Si, atregional storage  RER 1 m2 2.27E+1 2.27E+1 - 227E+1 1 Sp:red i::hgifceuli:r:lznl% :e?ezzsdu s
operation, lorry 20-28t, empty, fleet average CH 0 vkm - - 8.00E+1 1 2.09 (3,4,3,1,1,5); crane 80km to construction place
transport, van <3.5t CH 0 tkm  3.60E+l 4.19E+1 4.19E+1 3.60E+1 419E+1 1 2.09 (;:jriclm‘:’:] ;:ZE;”C parts and panel 100km to
transport, lorry >16t, fleet average RER 0 tkm 1.41E+2 1.71E+2 1.71E+2 1.41E+2 1.71E+2 1 2.4 (8:43,1,15); SOka for import of panels and
P v o laminates to Switzerland
transport, transoceanic freight ship OCE 0 tkm = B = - = 1 2.09 (34,3,1,15);
emission air Heat, waste - - [A) 1.44E-1 1.44E-1 3.67E+0 8.28E-1 8.28E-1 1 1.28 (3,4,3,1,1,5); calculated with electricity use
product ;s‘kWp facade \nsta!lal\on, multi-Si, laminated, RER 1 unit 1.00E+0 0 0 0 0
integrated, at building
3kWp facade installation, multi-Si, panel, RER 1 unit 0 1.00E+0 0 0 0

mounted, at building

3kWp flat roof installation, multi-Si, on roof RER 1 unit 0 0 1.00E+0 0 0
3kWp slanted-roof installation, multi-Si,
laminated, integrated, on roof

3kWp slanted-roof installation, multi-Si, panel,
mounted, on roof

RER 1 unit 0 0 0 1.00E+0 0

RER 1  unit [ 0 0 0 1.00E+0
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Tab. 3.30 Unit process data of multi-crystalline photovoltaic power plants (installations) with a nominal
output of 3 KWp, installed in North America (US).

B
@ KWp )
§ 3kWp facade 3kWp facade S €l O]
8 . N . . slanted-roof slanted-roof £ §
= <3 installation, installation, 3kWp flatroof . 0 q =1
s o T . . . installation, installation, > ©
= o = multi-Si, multi-Si, installation, en Py >
Name 8§ 5 5 P i multi-Si, multi-Si, g @ GeneralComment
g 2 laminated, panel, multi-Si, on . £ g
2 S . laminated, panel, s T
B integrated, at mounted, at roof . S 5
%) e o integrated, mounted,on £ T
g building building o £
= on roof roof S
= 2]
Location us us us us us
InfrastructureProcess 1 1 1 1 1
Unit unit unit unit unit unit
technosphere electricity, low woltage, at grid US 0 KkwWh 4.00E-2 4.00E-2 1.02E+0 2.30E-1 230E1 1128 S:rf'l'l‘s)‘ Energy use for erection of 3kWp
inverter, 2500W, at plant RER 1  unit 2.40E+0 2.40E+0 2.40E+0 2.40E+0 2.40E+0 1 1.24 (2,4,1,1,1,na); Literature, 1 repair in the life ime
electric installation, photovoltaic plant, at plant CH 1 unit 1.00E+0 1.00E+0 1.00E+0 1.00E+0 1.00E+0 1 2.09 (3,4,3,1,1,5); Literature
facade construction, mounted, at building RER 1 m2 - 2.21E+1 - - - 1 1.23 (3,1,1,1,1,na); calculation with m2 panel
facade construction, integrated, at building RER 1 m2 221E+1 - - - - 11.23 (3 1,1,na); calculation with m2 panel
flat roof construction, on roof RER 1 m2 - - 2.21E+1 - - 1123 (3 1,1,na); calculation with m2 panel
slanted-roof construction, mounted, on roof RER 1 m2 - - - - 221E+1 1 1.23 (3 1,1,na); calculation with m2 panel
slanted-roof construction, integrated, on roof RER 1 m2 - - - 221E+1 - 11233
photovoltaic laminate, multi-Si, at regional Us 1 m2 207E+1 . _ 207E+1 . 11, (3,4,3,1,1,5); Calculation, 2% of modules
storage repaired in the life ime, 1% rejects
. 9
photovoltaic panel, mult-Si, atregional storage ~ US 1 m2 . 227641 227E+1 . 20741 1 136 &431L5): Caleulaton, 2% of modules
repaired in the life ime, 1% rejects
operation, lorry 20-28t, empty, fleet average CH 0 vkm - - 8.00E+1 - - 1 2.09 (3,4,3,1,1,5); crane 80km to construction place
transport, van <3.5t CH 0 ftm 360E+1  419E+1  419E+1  360E+l  419E+1 1 2,09 (43:1.15);electic parts and panel 100km to
construction place
transport, lorry >16t, fleet average RER 0 tm  141E+2 1.71E+2 171E+2 1.41E+2 171642 1 209 ($#3:11,5):500km for import of panels and
laminates to Switzerland
transport, transoceanic freight ship OCE 0 tkm - - - - - 1209 (34,31,15);
emission air  Heat, waste - - M) 1.44E-1 1.44E-1 3.67E+0 8.28E-1 8.28E-1 1 1.28 (3,4,3,1,1,5); calculated with electricity use
Brontct 3kWp facade installation, multi-Si, laminated, Us 1 unit 1.00E+0 0 0 0 0
integrated, at building
3kWp facade installation, multi-Si, panel, UsS 1 unit 0 1.00E+0 0 0 0

mounted, at building

3kwp flat roof installation, multi-Si, on roof Us 1 unit [ 0 1.00E+0 0 0
3kWp slanted-roof installation, multi-Si,
laminated, integrated, on roof

3kWp slanted-roof installation, multi-Si, panel,
mounted, on roof

UsS 1 unit 0 0 0 1.00E+0 0

Us 1 unit 0 0 0 0 1.00E+0

Tab. 3.31 Unit process data of multi-crystalline photovoltaic power plants (installations) with a nominal
output of 3 kWp, installed in Asia & Pacific (APAC)

8
@
KW KW 0
g 3kWp facade 3kWp facade oD I e 5
8 5 " ) 3 slanted-roof slanted-roof & §
c 2 installation, installation, 3kWp flatroof . . 3 (=]
s a e o . . installation, installation, > ©
= o = multi-Si, multi-Si, installation, o o € >
Name s 53 5 | Py multi-Si, multi-Si, ' © GeneralComment
¢ £ S | laminated, panel, multi-Si, on - g a
a 3 . laminated, panel, @& T
= integrated, at mounted, at roof . S s
7] P P integrated, mounted,on £ <
g building building S e
= on roof roof <
= 2]
Location APAC APAC APAC APAC APAC
InfrastructureProcess 1 1 1 1 1
Unit unit unit unit unit unit
technosphere electricity, low wltage, at grid JP 0 KkWh  4.00E-2 4.00E-2 1.02E+0 2.30E-1 23081 1 128 (343115 Energyuse for erection of 3kwp
inverter, 2500W, at plant RER 1 unit 2.40E+0 2.40E+0 2.40E+0 2.40E+0 240E+0 1 1,1,na); Literature, 1 repair in the life time
electric installation, photovoltaic plant, at plant CH 1 unit 1.00E+0 1.00E+0 1.00E+0 1.00E+0 1.00E+0 1 1,1,5); Literature
facade construction, mounted, at building RER 1 m2 - 2.21E+1 - - - 1 1,1,na); calculation with m2 panel
facade construction, integrated, at building RER 1 m2 221E+1 = = - = 1 1,1,na); calculation with m2 panel
flat roof construction, on roof RER 1 m2 - - 2.21E+1 - - 1 1.23 (3,1,1,1,1,na); calculation with m2 panel
slanted-roof construction, mounted, on roof RER 1 m2 - - - - 2.221E+1 1 1.23 (3,1,1,1,1,na); calculation with m2 panel
slanted-roof construction, integrated, on roof RER 1 m2 - - - 221E+1 - 1 1.23 (3,1,1,1,1,na); calculation with m2 panel
photovoltaic laminate, multi-Si, at plant APAC 1 m2  227E+1 . . 227641 . 1 136 &43:1,15); Calculation, 2% of modules
repaired in the life ime, 1% rejects
. . 4, : ion, 29
photowoltaic panel, multi-Si, at plant APAC 1 m2 - 2.27E+1 2.27E+1 - 227E+1 1 1.36 (3,43.1,1,5); Caleulation, 2% of modules
repaired in the life ime, 1% rejects
operation, lorry 20-28t, empty, fleet average CH 0 vkm - - 8.00E+1 - - 1 2.09 (3,4,3,1,1,5); crane 80km to construction place
transport, van <3.5t CH 0 tm 360E+1  410E+1  419E+l  360E+l  419E+1 1 209 (43:1LS)electicparts and panel 100km to
construction place
transport, lorry >16t, fleet average RER 0 tkm 1.41E+2 1.71E+2 1.71E+2 1.41E+2 1.71E+2 1209 (8:431.18); SOl?km forimport of panels and
laminates to Switzerland
transport, transoceanic freight ship OCE 0 tkm - - - - - 1 1,1,5);
emission air Heat, waste - - [YA) 1.44E-1 1.44E-1 3.67E+0 8.28E-1 8.28E-1 1 1,1,5); calculated with electricity use
product 3kWp facade msta!lamn, multi-Si, laminated, APAC 1 unit 1.00E+0 0 0 0 0
integrated, at building
3kwp facade \nsb‘allal\un, multi-Si, panel, APAC 1 unit 0 1.00E+0 0 0 0
mounted, at building
3kWp flat roof installation, multi-Si, on roof APAC 1  unit 0 0 1.00E+0 0 0
SkWp slantfedrrool installation, multi-Si, APAC 1 unit 0 0 0 1.00E+0 0
laminated, integrated, on roof
3kWp slanted-roof installation, multi-Si, panel, APAC 1 unit o 0 0 0 1.00E+0

mounted, on roof
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Tab. 3.32 Unit process data of multi-crystalline photovoltaic power plants (installations) with a nominal
output of 3 kWp, installed in China (CN).

Name

Location
InfrastructureProcess
Unit

technosphere electricity, low voltage, at grid

emission air

product

inverter, 2500W, at plant

electric installation, photovoltaic plant, at plant
facade construction, mounted, at building
facade construction, integrated, at building
flat roof construction, on roof

slanted-roof construction, mounted, on roof
slanted-roof construction, integrated, on roof

photovoltaic laminate, multi-Si, at plant

photovoltaic panel, multi-Si, at plant
operation, lorry 20-28t, empty, fleet average

transport, van <3.5t

transport, lorry >16t, fleet average

transport, transoceanic freight ship

Heat, waste

3kWp facade installation, multi-Si, laminated,
integrated, at building

3kWp facade installation, multi-Si, panel,
mounted, at building

3kwp flat roof installation, multi-Si, on roof
3kWp slanted-roof installation, multi-Si,
laminated, integrated, on roof

3kWp slanted-roof installation, multi-Si, panel,

mounted, on roof

Location

InfrastructureProcess

P RPRPRPRPRPRE O

£
=}

kwh
unit
unit
m2
m2
m2
m2
m2

m2

tkm
tkm
tkm
unit

unit
unit

unit

unit

3kwp facade 3kWp facade
installation, 3kWp flat roof

installation,
multi-Si, multi-Si,
laminated, panel,
integrated, at mounted, at
building building
CN CN
1 1
unit unit
4.00E-2 4.00E-2
2.40E+0 2.40E+0
1.00E+0 1.00E+0
= 2.21E+1
221E+1 -
227E+1
2.27E+1
3.60E+1 4.19E+1
1.41E+2 1.71E+2
1.44E-1 1.44E-1
1.00E+0 0
0 1.00E+0
[ 0
0 0
0 0

installation,
multi-Si, on
roof

CN
1
unit

1.02E+0

2.40E+0
1.00E+0

221E+1

2.27E+1
8.00E+1
4.19E+1

1.71E+2
3.67E+0
0

0
1.00E+0
0

0

3kWp

3kwp

slanted-roof slanted-roof

installation,
multi-Si,

laminated,

integrated,
on roof

CN
1
unit

2.30E-1

2.40E+0
1.00E+0

221E+1
227E+1

3.60E+1

1.41E+2

8.28E-1
0

0
0
1.00E+0

0

installation,
multi-Si,
panel,
mounted, on
roof

CN

1
unit

2.30E-1

2.40E+0
1.00E+0

221E+1

2.27E+1

4.19E+1

1.71E+2

8.28E-1
0

0
0
0

1.00E+0

GeneralComment

UncertaintyType
StandardDeviation95%

11.28
plant

(3,4,3,1,1,5); Energy use for erection of 3kWp

1 1.24 (2,4,1,1,1,na); Literature, 1 repair in the life time

1 2.09 (3,4,3,1,1,5); Literature

1 1.23 (3,1,1,1,1,na); calculation with m2 panel
1 1.23 (3,1,1,1,1,na); calculation with m2 panel
1 1.23 (3,1,1,1,1,na); calculation with m2 panel
1 1.23 (3,1,1,1,1,na); calculation with m2 panel
1 1.23 (3,1,1,1,1,na); calculation with m2 panel
(34,3,1,1,5); Calculation, 2% of modules
repaired in the life ime, 1% rejects
(3/4,3,1,1,5); Calculation, 2% of modules

1136

b d repaired in the life ime, 1% rejects

1 2.09 (3,4,3,1,15); crane 80km to construction place

12,09
construction place

1209 laminates to Switzerland

1 2.09 (343,115);

1 1.28 (3,4,3,1,1,5); calculated with electricity use

3.11 Non-renewable residual electricity mixes for NREPBT

Tab. 3.33 shows the unit process data of the non-renewable residual electricity mixes
for Switzerland (CH), Germany (DE), Spain (ES) and Europe (ENTSO). The non-
renewable residual electricity mixes correspond to the electricity mixes of all non-
renewable electricity generation technologies in a specific country or region (CH, DE,

ES and Europe). It is assumed that these electricity mixes of non-renewable electricity

(3,4,3,1,1,5); 500km for import of panels and

(3,4,3,1,1,5); electric parts and panel 100km to

generation technologies are replaced by the newly installed photovoltaic systems in the
corresponding countries or regions of installation. These non-renewable residual
electricity mixes are used as the reference to calculate the NREPBT of photovoltaic
systems.

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain
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Tab. 3.33 Unit process data of non-renewable residual electricity mixes for Switzerland (CH), Germany
(DE), Spain (ES) and Europe (ENTSO).

Name

Location
InfrastructureProcess
Unit
product electricity, produktion mix CH, non-renewable
electricity, produktion mix DE, non-renewable
electricity, produktion mix ES , non-renewable
electricity, produktion mix ENTSO, non-renewable

technosphere electricity, nuclear, at power plant pressure water reactor

electricity, nuclear, at power plant boiling water reactor

electricity, at cogen 200kWe diesel SCR, allocation
exergy

electricity, at cogen 500kWe lean burn, allocation exergy
electricity, hard coal, at power plant

electricity, lignite, at power plant

electricity, peat, at power plant

electricity, industrial gas, at power plant

electricity, oil, at power plant

electricity, natural gas, at power plant

electricity, nuclear, at power plant pressure water reactor
electricity, nuclear, at power plant boiling water reactor
electricity, hard coal, at power plant

electricity, lignite, at power plant

electricity, industrial gas, at power plant

electricity, oil, at power plant

electricity, natural gas, at power plant

electricity, nuclear, at power plant pressure water reactor
electricity, nuclear, at power plant boiling water reactor

electricity, nuclear, at power plant pressure water reactor

Location

CH
DE
ES

ENTSO

CH

CH

CH

CH

DE

DE

JORDEI

DE

DE

DE

DE

DE

ES

SK

ES

ES

ES

UCTE

UCTE

FR

InfrastructurePr

© cocoo

Unit

kwh

kwh

I lectricity
mix mix mix mix
CH, non- DE, non- ES, non- ENTSO, non-
CH DE ES) ENTSO
0 0 0 o
kwh kwh kwh kwh
1 0 0 0
0 1 0 0
[ 0 1 0
[ 0 0 1
5.20E-1 0 0 0
4.66E-1 0 0 0
2.81E-3 1.37E-3 1.89E-2 1.26E-3
1.06E-2 0 0 0
1.59E-4 2.32E-1 0 2.14E-1
0 287E-1 0 2.64E-1
[ 0 0 0
0 1.75E-2 0 161E-2
0 157E-2 0 1.45E-2
0 162E-1 0 1.49E-1
0 2.24E-1 0 0
0 6.07E-2 0 0
[ 0 1.95E-1 0
0 0 0 0
0 0 5.05E-3 0
0 0 5.34E-2 0
0 0 4.88E-1 0
[ 0 1.84E-1 0
0 0 5.52E-2 0
0 0 0 3.40E-1

UncertaintyType

StandardDeviati
on95%

1.05

1.05

1.05

1.05

1.05

1.05
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GeneralComment

(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,BU:1.05); own

calculation; based on Itten etal.

(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,8U:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten etal
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,8U:1.05); own
calculation; based on Itten et al
(1,1,1,1,1,1,BU:1.05); own
calculation; based on ltten et al
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten etal
(1,1,1,1,1,1,BU:1.05); own
calculation; based on Itten et al
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4  LCI of the Chinese multi-crystalline supply chain

4.1 Overview

This chapter describes the LCI of the whole multi-crystalline silicon supply chain,
photovoltaic cell and photovoltaic module production in China. There are always two
data sets for each level of the supply chain including cell and module production, one
data set describing the mainstream production and one data set describing the best
technology production. The two data sets give an indication on the variability of the
data.

The main data sources are Diao & Shi (2011), Institute of Electrical Engineering (IEE)
of Chinese Academy of Sciences (CAS)?, Hou & Zhao (2014) and Wang (2014). The
data sets are based on the data available in Diao & Shi (2011). These data sets are
adjusted with more recent information on specific parameters based on IEE CAS?, Hou
& Zhao (2014) and Wang (2014), if available.

Tab. 4.1 shows a summary of important parameters of the production of the Chinese
multi-Si PV modules for both technology levels according to Diao & Shi (2011).

2 Personal communication: 2K&Z(Zhang Jia), Institute of Electrical Engineering (IEE), Chinese Acade-

my of Science (CAS), Beijing China, 01.08.2014
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Tab. 4.1 Important production parameters for both technology levels of the Chinese multi-crystalline
supply chain according to Diao & Shi (2011)
Process Parameter Unit Mainstream | Best
technology [technology
Silica reduction Yield % 80.00% 80%
Solar grade silicon Process i Siemens Siemens
production modified modified
Coventional |Coventional
Ingot method -
Ingot Ingot Ingot
Border loss % 85% 85%
Wafer size i 0.156m x 0.156m x
0.156m 0.156m
Wafer -
Wafer thickness um 200 180
Kerfloss um 200 200
Surface treatment Damr?\ge layer corrosion, - NaOH NaOH
texturing
POCL3 POCL3
Semiconductor doping - Diffusion Diffusion
Diffusion system knot - - Furnace Furnace
Back diffusion layer - |HEHNO3  |HEHNO3
corrosion
Edge etching - CF4 Plasma |CF4 Plasma
Backside - A A
Back busbar 100% 100%
Back electrode covering - Ag/Al Ag/A
Electrode printing . Screen Screen
Positive electrode layer - orinting Ag orinting Ag
Front metal cover % 10% 7%
Front busbar - Ag Ag
o - PECVD of PECVD of
Passivation ARC Passivation methods - SiaNg SiaNg
Circuit detection Yield 95% 95%
Cell components - 72 72
Glass thickness mm 4 3.2
Module production EVAfilm thickness mm [2 x0.5mm 2x0.5mm
Back film thickness um 125 125
PET backplane thickness |mm 0.2 0.2
Componentdimension - 992mm x 992mm x
1956mm 1956mm
Component detection Yield % 99% 99%
Module efficiency % 12.40% 14.40%
Life time a 25 25

47

The Chinese LCI data on the multi-crystalline is described in a separate chapter of this
report because the LCI data is not implemented in the existing LCI of the global supply
chain. The main reason is the missing information on other important technologies like
single-crystalline silicon and different reference units on some levels of the supply chain
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(wafer, cell, and module production). A comparison of the result of the actual Chinese
data and the proxy LClIs for Chinese production is shown in the Subchapter 5.6.

4.2 Metallurgical grade silicon

Tab. 4.2 shows the unit process data of the Chinese production of metallurgical grade
silicon (MG-silicon) for both technology levels (mainstream and best technology).
There are no significant differences between the mainstream and the best technology in
case of the production of MG-silicon.

The LCI remains unchanged as published by Diao & Shi (2011), except in case of the
electricity consumption, where more recent data is available in Hou & Zhao (2014) and
Wang (2014).

Tab. 4.2 Unit process data of MG-Silicon production in China (CN) for mainstream and best technology

8
¢ s 2
8 g 2
c 2 MG-silicon, MG-silicon, & %
S % = Chinesedata, Chinesedata, £ 3
Name 8 3 5 g ©  GeneralComment
8 B mainstream, at besttechnology, £ g
= % plant atplant § 3
g S B
£ 8
= [}
Location CN CN
InfrastructureProcess 0 0
Unit kg kg
product MG-silicon, Chinese data, mai atplant CN 0 kg 1 0
) MG-silicon, Chinese data, best technology, at plant CN 0 kg 0 1
resource, in water Water, unspecified natural origin, CN - - m3 1.20E-1 1.20E-1 1 130 (151,1,15BU:1.05); Water; Diao & Shi 2011
technosphere silica sand, at plant DE 0 kg 2.68E+0 2.68E+0 1 130 (1,5.1,1,1,5BU:1.05);Silicasand; Diao & Shi 2011
hard coal coke, at plant RER 0 M 7 27541 T 27541 1 130 (151,1,15BU:1.05); Hard coal; Diao & Shi 2011
petroleum coke, at refinery RER 0 kg 6.00E-1 6.00E-1 1 130 (151,1,15BU:1.05); Petrol coke; Diao & Shi 2011
wood chips, mixed, u=120%, at forest RER 0 m3 " 1.72E-4 v 1.72E-4 1 130 (151,1,15BU:1.05); Sawdust; Diao & Shi 2011
graphite, at plant RER 0 kg 1.20E-1 1.20E-1 1 130 (151,1,15BU:1.05); Graphitelectrode; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); Electricity demand; Wang (2014) Current PV
Markets and Energy Pay-Back Study (p. 33), Hao and Zhao (2014)
electricity, medium woltage, at grid CN 0 kwh 1.25E+1 1.25E+1 1 130 Life Cycle CO2 Emissions of Grid-Connected Electricity for
Crystalline Silicon Photowoltaic Systems in China (p. 13)
emission air, unspecified Carbon dioxide, fossil - - kg 3.59E+0 3.59E+0 1 130 (151,1,15BU:1.05);CO2;Diao & Shi2011
Water, CN - - kg 1.20E+2 1.20E+2 1 162 (15,1,1,15BU:15);H20;Diao & Shi 2011
Silicon - - kg 5.40E-1 5.40E-1 1 510 (1,51,1,1,5BU:S5);SiO2; Diao & Shi 2011
Nitrogen oxides - - kg 1.96E-1 1.96E-1 1 162 (1,51,1,15BU:15);NOX; Diao & Shi 2011
Sulfur dioxide - - kg 6.10E-1 6.10E-1 1 130 (1,51,1,15BU:1.05); SO2; Diao & Shi 2011

4.3 Solar grade silicon

Tab. 4.3 shows the unit process data of the Chinese production of solar grade silicon for
both technology levels. There are significant differences in the water, hydrogen, steam
and electricity demand as well as the emissions of silicon to air and fluoride to water
between the mainstream and the best technology in case of the production of solar grade
silicon.

The major inputs and emissions are based on data provided by IEE CAS? and
complemented with data provided by Diao & Shi (2011).
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Tab. 4.3 Unit process data of solar grade silicon production in China (CN) for mainstream and best
technology; red: added exchanges (not included in Diao & Shi (2011))

product

resource, in water

technosphere

emission air,
unspecified

emission water,

unspecified

Name
Location
InfrastructureProcess
Unit

silicon, solar grade, Siemens, Chinese data, mainstream, at
plant

silicon, solar grade, Siemens, Chinese data, best tech., at
plant

Water, unspecified natural origin, CN
Water, unspecified natural origin, CN

MG-silicon, Chinese data, mainstream, at plant

MG-silicon, Chinese data, best technology, at plant

hydrogen, liquid, at plant

chlorine, liquid, production mix, at plant
sodium hydroxide, 50% in H20O, production mix, at plant

limestone, milled, packed, at plant

steam, for chemical processes, at plant

electricity, medium voltage, at grid

Hydrogen chloride

Silicon tetrafluoride
Silicon
Silicon

COD, Chemical Oxygen Demand

Chloride

Fluoride

Suspended solids, unspecified

Ammonium, ion

Location

InfrastructureProcess

4.4 Silicon ingot and wafers
Tab. 4.4 shows the unit process data of the Chinese production of silicon ingot and

wafers for both technology levels.

Unit

kwh

silicon, solar silicon, solar
grade, Siemens, grade, Siemens,
Chinese data,  Chinese data,
mainstream, at  besttech., at
plant plant
CN CN
[ 0
kg kg
il 0
0 1
454E-1 2.16E-1
1.70E-2 3.80E-4
1.12E+0 0
0 1.12E+0
5.36E-2 450E-2
2.00E-1 2.00E-1
8.70E-1 8.70E-1
5.80E-1 5.80E-1
6.81E+1 5.50E+1
125E+2 1.00E+2
9.00E-2 1.20E-1
8.00E-1 0
1.50E-1 4.20E-1
8.00E-2 5.00E-2
2.04E-3 2.04E-3
7.70E-2 7.70E-2
5.00E-5 3.00E-5
1.44E-3 1.44E-3
3.47E-5 3.47E-5

UncertaintyType

BoRRe e

-

StandardDeviation95%

1.30
1.30

130

1.30

162

1.62
5.10
5.10

162

3.09
162

GeneralComment

(1,5,1,1,1,5,BU:1.05); Cooling water; Diao & Shi 2011
(1,5,1,1,1,5BU:1.05); Process water; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); MG-Si; Institute of Electrical Engineering
of Chinese Academy of Sciences (IEE CAS, 2014)
(1,5,1,1,1,5,BU:1.05); MG-Si; Institute of Electrical Engineering
of Chinese Academy of Sciences (IEE CAS, 2014)
(1,5,1,1,1,5,BU:1.05); H2; Institute of Electrical Engineering of
Chinese Academy of Sciences (IEE CAS, 2014), LCI Chinese
Production, Diao & Shi 2011

(1,5,1,1,1,5,BU:1.05); CI2; Institute of Electrical Engineering of
Chinese Academy of Sciences (IEE CAS, 2014)
(1,5,1,1,1,5,BU:1.05); NaOH; Institute of Electrical Engineering
of Chinese Academy of Sciences (IEE CAS, 2014)
(1,5,1,1,1,5,BU:1.05); Lime; Institute of Electrical Engineering of
Chinese Academy of Sciences (IEE CAS, 2014)
(1,5,1,1,1,5,BU:1.05); Steam; Institute of Electrical Engineering
of Chinese Academy of Sciences (IEE CAS, 2014), LCI Chinese
Production, Diao & Shi 2011

(1,5,1,1,1,5,BU:1.05); Electricity demand:; Institute of Electrical
Engineering of Chinese Academy of Sciences (IEE CAS, 2014),
Wang (2014) Current PV Markets and Energy Pay-Back Study
(pp. 32-33)

(1,5,1,1,1,5,BU:1.5); HCL; Diao & Shi 2011

(15,1,1,1,5,BU:1.5); SiCl4; Diao & Shi 2011

(1,5,1,1,1,5,BU:5); SiO2; Diao & Shi 2011

(1,5,1,1,1,5,BU:5); Silica material; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.5); COD; Institute of Electrical Engineering of
Chinese Academy of Sciences (IEE CAS, 2014)
(1,5,1,1,1,5,8U:3); Chloride; Institute of Electrical Engineering of
Chinese Academy of Sciences (IEE CAS, 2014)
(1,5,1,1,1,5,BU:1.5); Fluoride; Diao & Shi 2011

(1,5,1,1,1,5,BU:1.5); Suspended solid; Institute of Electrical
Engineering of Chinese Academy of Sciences (IEE CAS, 2014)

(1,5,1,1,1,5,BU:1.5); Anmonia Nitrogen; Institute of Electrical
Engineering of Chinese Academy of Sciences (IEE CAS, 2014)

There are significant differences in the solar grade silicon, nitrogen and electricity
demand as well as the emissions of silicon to air and triethylene glykol and chloride to
water between the mainstream and the best technology in case of the production of
silicon ingot and wafers.

The major inputs and emissions are based on data provided by IEE CAS? and
complemented with data provided by Diao & Shi (2011).
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Tab. 4.4 Unit process data of silicon ingot and wafer production in China (CN) for mainstream and best
technology; red: added exchanges (not included in Diao & Shi (2011))

product

technosphere

emission air,

unspecified

emission water,
unspecified

Name
Location
InfrastructureProcess
Unit
silicon ingot, sliced (wafer), Chinese data, mainstream, at
plant
silicon ingot, sliced (wafer), Chinese data, best technology,
atplant
silicon, solar grade, Siemens, Chinese data, mainstream, at
plant

silicon, solar grade, Siemens, Chinese data, best tech., at
plant

argon, liquid, at plant

triethylene glycol, at plant

silicon carbide, at plant
hydrogen fluoride, at plant
hydrochloric acid, 30% in H20, at plant

sodium hydroxide, 50% in H20, production mix, at plant

sulphuric acid, liquid, at plant

nitrogen, liquid, at plant

potassium nitrate, as N, at regional storehouse
potassium hydroxide, at regional storage

steel, converter, unalloyed, at plant

wire drawing, steel

acnylic acid, at plant

dipropylene glycol monomethyl ether, at plant

nitric acid, 50% in H20, at plant

acetic acid, 98% in H20, at plant

solar glass, low-iron, at regional storage

silica sand, at plant

electricity, medium voltage, at grid

Silicon

Triethylene glycol

Fluoride

COD, Chemical Oxygen Demand
Chloride

4.5 Phovoltaic cells

Tab. 4.5 shows the unit process data of the Chinese production of multi-crystalline
photovoltaic cells for both technology levels.

Location

RER

DE

InfrastructureProcess

ocooo o

Unit

unit

unit

kwh

silicon ingot,
sliced (wafer),
Chinese data,
mainstream, at

plant

CN

unit

2.04E-2

7.79E-3
5.12E-2

6.08E-3
2.40E-4
1.65E-4

5.01E-5

3.62E-3

2.20E-4

2.00E-5

1.58E-2

1.58E-2

4.60E-5

6.40E-4

7.80E-4

5.39E-4

9.69E-4

3.89E-3

6.86E-1

3.20E-2

2.65E-2

6.21E-5

1.19E-3
6.20E-4

silicon ingot,

sliced (wafer),

Chinese data,
best technology,

at plant

CN

unit

1.89E-2

7.79E-3
7.15E-2

6.08E-3
2.40E-4
1.65E-4

5.01E-5
6.00E-5

6.40E-4

6.80E-4

2.00E-5

1.58E-2

1.58E-2

4.60E-5

6.40E-4

7.80E-4

5.39E-4

9.69E-4

3.89E-3

3.72E-1

4.34E-2

2.14E-2

6.21E-5

1.19E-3
2.80E-4

UncertaintyType

Bk R e

I

StandardDeviation95%

130

130

1.30
130

130

130

1.30
130
1.30
1.30

1.30

1.30

162

162
3.09

GeneralComment

(1,5,1,1,1,5,BU:1.05); SoG-Si; Institute of Electrical Engineering
of Chinese Academy of Sciences (IEE CAS, 2014)
(15,1,1,1,5,BU:1.05); SoG-Si; Diao & Shi 2011

(1,5,1,1,1,5,BU:1.05); Argon; Institute of Electrical Engineering
(1,5,1,1,1,5,BU:1.05); Polyethylenegylkol; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); SIC; Institute of Electrical Engineering of
Chinese Academy of Sciences (IEE CAS, 2014)
(1,5,1,1,1,5,BU:1.05); HF; Institute of Electrical Engineering of
Chinese Academy of Sciences (IEE CAS, 2014)
(1,5,1,1,1,5,BU:1.05); HCI; Institute of Electrical Engineering of
Chinese Academy of Sciences (IEE CAS, 2014)
(1,5,1,1,1,5,BU:1.05); NaOH; Institute of Electrical Engineering
of Chinese Academy of Sciences (IEE CAS, 2014)
(1,5,1,1,1,5,BU:1.05); Sulphuric acid; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); Nitrogen (liquid); Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); Nitrate; Diao & Shi 2011
(15,1,1,1,5BU:1.0 OH; Diao & Shi 2011

(1,5,1,1,1,5,BU:1.05); Steel wire; Institute of Electrical
Engineering of Chinese Academy of Sciences (IEE CAS, 2014)

(1,5,1,1,1,5,BU:1.05); Steel wire; Institute of Electrical
Engineering of Chinese Academy of Sciences (IEE CAS, 2014)

(1,5,1,1,1,5,BU:1.05); acrylic acid; Institute of Electrical
Engineering of Chinese Academy of Sciences (IEE CAS, 2014)

(1,5,1,1,1,5,BU:1.05); Dipropylene Glycol Monomethyl Ether;
Institute of Electrical Engineering of Chinese Academy of
Sciences (IEE CAS, 2014)

(1,5,1,1,1,5,BU:1.05); nitric acid; Institute of Electrical
Engineering of Chinese Academy of Sciences (IEE CAS, 2014)

(1,5,1,1,1,5,BU:1.05); acetic acid; Institute of Electrical
Engineering of Chinese Academy of Sciences (IEE CAS, 2014)

(1,5,1,1,1,5,BU:1.05); glass; Institute of Electrical Engineering of
Chinese Academy of Sciences (IEE CAS, 2014)

(1,5,1,1,1,5,BU:1.05); quartz crucible; Institute of Electrical
Engineering of Chinese Academy of Sciences (IEE CAS, 2014)

(1,5,1,1,1,5,BU:1.05); Electricity demand; Institute of Electrical
Engineering of Chinese Academy of Sciences (IEE CAS, 2014),
Multi-Si Ingot and Wafer; Wang (2014) Current PV Markets and
Energy Pay-Back Study (pp. 32-33)

(1,5,1,1,1,5,BU:5); SIC; Diao & Shi 2011

(1,5,1,1,1,5,BU:3); Polyethylenegylkol; Institute of Electrical
Engineering of Chinese Academy of Sciences (IEE CAS, 2014),
Multi-Si Ingot and Wafer; Wang (2014) Current PV Markets and
Energy Pay-Back Study (pp. 32-33), Diao & Shi 2011

(1,5,1,1,1,5,BU:1.5); Fluorid; Institute of Electrical Engineering of
Chinese Academy of Sciences (IEE CAS, 2014)
(15,1,1,1,5,BU:1.5); COD; Institute of Electrical Engineering of
Chinese Academy of Sciences (IEE CAS, 2014)
(1,5,1,1,1,5,BU:3); Chlorid; Diao & Shi 2011

There are significant differences in all exchanges except POCI3 and HF between the
mainstream and the best technology in case of the production of multi-crystalline silicon
PV cells.
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The major inputs and emissions are based on data provided by by Diao & Shi (2011).
The electricity demand for the cell production is updated based on Hou & Zhao (2014)
and Wang (2014).

Tab. 4.5 Unit process data of photovoltaic cell production in China (CN) for mainstream and best tech-

product
3

technosphere

emission air,

emission water,

nology

Name

Location
InfrastructureProcess
Unit
photowoltaic cell, Chinese data, mainstream, at plant
photowoltaic cell, Chinese data, best technology, at plant
silicon ingot, sliced (wafer), Chinese data, mainstream, at
plant
silicon ingot, sliced (wafer), Chinese data, best technology,
atplant
silicon tetrahydride, at plant

ammonia, liquid, at regional storehouse
hydrochloric acid, 30% in H20, at plant
potassium hydroxide, at regional storage
sulphuric acid, liquid, at plant
phosphoryl chloride, at plant

hydrogen fluoride, at plant

oxygen, liquid, at plant

nitrogen, liquid, at plant

nitric acid, 50% in H20, at plant

silver, at regional storage

metallization paste, back side, aluminium, at plant

electricity, medium voltage, at grid

Ethanol
Carbon dioxide, fossil
Fluoride
Chloride

4.6 Photovoltaic panels

Tab. 4.6 shows the unit process data of the Chinese production of multi-crystalline
photovoltaic panels for both technology levels.

Location

CN
CN

CN

CN

RER
RER
RER
RER
RER
GLO
RER
RER
RER
RER
RER

CN

InfrastructureProcess

Unit

unit
unit
unit

unit

kwh

kg
kg
kg
kg

photowoltaic cell, photovoltaic cell,
Chinese data, ~ Chinese data,
mainstream, at besttechnology,
plant atplant
CN CN
[ 0
unit unit
1 0
0 1
1.00E+0 0
0 1.00E+0
8.30E-4 5.60E-4
231E-3 1.22E-3
1.07E-3 4.00E-4
0 7.80E-4
0 5.00E-5
2.00E-5 2.00E-5
3.97E-3 3.92E-3
4.50E-4 1.50E-4
7.61E-2 5.78E-2
2.82E-3 7.20E-3
6.20E-4 4.40E-4
1.46E-3 1.10E-3
8.26E-1 8.26E-1
5.20E-4 3.80E-4
1.00E-4 8.00E-5
7.94E-3 7.83E-3
1.66E-3 6.20E-4

UncertaintyType

B e

StandardDeviation95%

1.30

1.30
1.30
1.30

130 (

1.30
130
130
130
130
130
130

1.30

1.62
130
162
3.09

GeneralComment

(1,5,1,1,1,5,BU:1.05); wafer / ingot; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); wafer / ingot; Diao & Shi 2011

(1,5,1,1,1,5,BU:1.05); SiH4; Diao & Shi 2011

(1,5,1,1,1,5,8U:1.05); NH3; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); HCI; Diao & Shi 2011
5,BU:1.05); KOH; Diao & Shi 2011
X 5,8U:1.05); H2S04; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); POCL3; Diao & Shi 2011
);
)
)

(15,1,1,1,5,BU:1.05); HF; Diao & Shi 2011
(1,5,1,1,1,5,8U:1.05); O2; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); N2; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); HNO3; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); Silver; Diao & Shi 2011
(1,5,1,1,1,5,8U:1.05); Aluminium paste; Diao & Shi 2011

(1,5,1,1,1,5,BU:1.05); Electricity demand; Single-Si Ingot and
Wafer; Wang (2014) Current PV Markets and Energy Pay-Back
Study (pp. 32-34), Multi-Si Ingot and Wafer; Hao and Zhao
(2014) Life Cycle CO2 Emissions of Grid-Connected Electricity
for Crystalline Silicon Photowoltaic Systems in China (p. 13, 31)

(1,5,1,1,1,5,BU:1.5); Evaporting solvent; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); CO2; Diao & Shi 2011

5,BU:1.5); Fluorid; Diao & Shi 2011
(1,5,1,1,1,5,BU:3); Chlorid; Diao & Shi 2011

There are significant differences in the solar glass and aluminium demand between the
mainstream and the best technology in case of the production of multi-crystalline silicon
PV panels.

The major inputs and emissions are based on data provided by by Diao & Shi (2011).
The electricity demand for the cell production is updated based on Hou & Zhao (2014)
and Wang (2014).
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Tab. 4.6 Unit process data of photovoltaic module production in China (CN) for mainstream and best

technology

Name

Location
InfrastructureProcess
Unit
photowoltaic panel, Chinese data, mainstream, at plant
photowvoltaic panel, Chinese data, best technology, at plant

photowoltaic cell, Chinese data, mainstream, at plant
photowoltaic cell, Chinese data, best technology, at plant

copper, at regional storage

solar glass, low-iron, at regional storage
polwinyifluoride film, at plant
lyethyl atplant

silicone product, at plant
aluminium alloy, AMg3, at plant
ethyivinylacetate, foil, at plant

electricity, medium woltage, at grid

ethylvinylacetate, foil, at plant

Silicon

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain

Location

RER

CN

RER

InfrastructureProcess

cooooo o

Unit

unit
unit
unit

unit

kwh

kg
kg

1
o

7.20E+1

0

3.60E-2

1.79E+1
255E-1
5.20E-1
1.13E-1
3.40E+0
1.90E+0

3.40E+1

3.00E-3

0
1

0

7.20E+1

3.60E-2

1.43E+1
255E-1
5.20E-1
1.13E-1
2.70E+0
1.90E+0

3.40E+1

3.00E-3

PR RRRR R

130

130
5.10

(15,1,1,1,5,BU:1.05); cells; Diao & Shi 2011
(15,1,1,1,5,BU:1.05); cells; Diao & Shi 2011

(1,5,1,1,1,5,BU:1.05); Copper; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); Glass; Diao & Shi 2011

BU:1.05); Silicone; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); Aluminium frame; Diao & Shi 2011
(1,5,1,1,1,5,8U:1.05); EVA; Diao & Shi 2011
(1,5,1,1,1,5,BU:1.05); Electricity demand; Single-Si Ingot and
Wafer; Wang (2014) Current PV Markets and Energy Pay-Back
Study (pp. 32-34), Multi-Si Ingot and Wafer; Hao and Zhao
(2014) Life Cycle CO2 of Grid-Ct ici
for Crystalline Silicon Photovoltaic Systems in China (p. 13, 31)
(1,5,1,1,1,5,BU:1.05); EVA,; Diao & Shi 2011

(15,1,1,1,5,BU:5); Silicon; Diao & Shi 2011
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5 Cumulative results and interpretation

5.1 Overview

This chapter contains a description of selected cumulative results and their main drivers.
In Subchapter 5.2 the environmental impacts of producing 1 m? panels in the four world
regions are discussed. In Subchapter 5.3 the contribution of the different parts of a
3kWp photovoltaic power plant to the cumulative environmental impacts is described.
In Subchapter 5.4 the environmental impacts of the production of 1 kWh of electricity
with photovoltaic systems are evaluated. In Subchapter 5.5 the NREPBT of the analysed
photovoltaic systems is described. Subchapter 5.6 shows a comparison of the proxy LCI
data used for the Chinese multi-crystalline silicon panels used in the global supply chain
and the LCI of the actual Chinese multi-crystalline silicon panels described in Chapter 4
of this report. Subchapter 5.7 contains information on the data quality of the established
life cycle inventory data and the data sources used.

5.2 Environmental impacts of photovoltaic laminate

Fig. 5.1 shows the greenhouse gas emissions per square meter of photovoltaic laminate
in kg COz-eq (IPCC 2013, Tab. 8.A.1, 100a)

The greenhouse gas emissions per square meter of single-Si photovoltaic laminate pro-
duced in Europe (RER), North America (US), Asia & Pacific (APAC) and China (CN)
are 200, 311, 294 and 365 kg CO,-eq, respectively.

The greenhouse gas emissions per square meter of single-Si photovoltaic laminate
mounted in Europe (RER), North America (US), Asia & Pacific (APAC) and China
(CN) are 340, 344, 294 and 365 kg CO,-eq, respectively.

There are considerable differences when comparing on the level of panel production
(“laminate, at plant”) and of panel supply (“laminate, at regional storage”). The “lami-
nate, at plant” results describe the climate change impact of the laminate produced in
the region indicated. The European “laminate, at plant” more or less reflect pure Euro-
pean production (except the share of Chinese wafers). The same holds true for the North
American laminate (except the share of Chinese wafers) and for the laminate manufac-
tured in China and Asia & Pacific.

The results of “laminate, at regional storage” show the climate change impact of lami-
nate supplied to the region indicated and thus includes imports from other regions. That
is why the climate change impact per m? laminate supplied to Europe is substantially
higher as compared to the climate change impact per m? laminate produced in Europe. A
similar though much less distinct effect is observed with laminate produced in and sup-
plied to North America. (see Fig. 3.2 for the market shares of laminate/module supply).
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Fig. 5.1 Greenhouse gas emissions per square meter of photovoltaic panel produced (“at plant”) and
mounted (“at regional storage”) in the four world regions; in kg CO»-eq, according to IPCC
(2013, Tab. 8.A.1, 100a).

5.3 Environmental impacts of 3kWp plants

Fig. 5.2 shows the greenhouse gas emissions per 3 kWp photovoltaic system in kg CO,-
eq according to IPCC (2013, Tab. 8.A.1, 100a) for slanted-roof installations, as well as
the contribution of the different parts of the photovoltaic system to the overall green-
house gas emissions.

The greenhouse gas emissions of 3 kWp photovoltaic power plants using single-Si lam-
inate or panels and multi-Si laminate or panels correspond to 8’218 & 8’523 kg CO,-eq
and 5’112 & 5’430 kg CO,-€q.

The photovoltaic laminate or panels cause the highest share of the greenhouse gas emis-
sions (between 75 and 85 %) depending on the type of photovoltaic power plant, fol-
lowed by the mounting structures on the roof causing between 8 and 13 % and the in-
verter causing between 5 and 8 % of the greenhouse gas emissions. The contribution of
the electric installation, transports and other parts are below 4 % for all types of photo-
voltaic power plants.

LCI of the global crystalline photovoltaics supply chain and Chinese multi-crystalline supply chain treeze Ltd.



Cumulative results and interpretation 55

kg CO,-eq according to IPCC 2013
0 2'000 4'000 6'000 8'000 10'000

. . . . . M Inverter

= Laminate H M Electric installation

@

[eT0] .

.% M Slanted roof construction
B Photovoltaic laminate /

. panel

7 B Transports

=]

E

Fig. 5.2 Greenhouse gas emissions of 3 kWp photovoltaic power plants in kg CO,-eq (according to
IPCC (2013, Tab. 8.A.1, 100a)) including the contribution of the different parts of slanted-roof
installations in Switzerland

5.4 Environmental impacts of PV electricity

5.4.1 Climate change impact

Fig. 5.3 and Tab. 5.1 show the greenhouse gas emissions per kwWh of electricity pro-
duced with single- and multi-crystalline panels and laminate installed in Switzerland.

1 kWh electricity causes between 58.3 and 61.9 g CO,-eq. (multi-Si) and between 93.7
and 97 g CO,-eq (single-Si) according to this study. PV power plants with framed pan-
els cause higher emissions compared to power plants using frameless laminates. Since
its last update (Jungbluth et al. 2012) the emissions raised by between 29 and 32 %
(Single-Si) and decrease by between 7.3 and 8.2 % (multi-Si). The increase in case of
the single-Si modules is caused by the increased solar grade silicon demand due to cut-
ting losses. The decrease in case of the multi-Si modules is caused by the increase share
of recycled silicon, which is used for the casting of the multi-crystalline silicon.

Furthermore, there is a general increase of the results due to the increased share of Chi-
nese production with its mainly coal-based electricity mix in case of both module tech-
nologies (single-Si and multi-Si).
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Tab. 5.1 Greenhouse gas emissions per kWh of electricity from PV power plants in g CO,-eq (according
to IPCC (2013, Tab. 8.A.1, 100a); module efficiency: 15.1 % and 14.7 % for single-Si and
multi-Si; slanted-roof installation in Europe with an annual yield of 975 kWh/kWp and a life
time of 30 years

IPCC GWP 2013 Single-Si Multi-Si

g CO2-eq per kWh Laminate Panel Laminate Panel
ecoinventv2.2 62.8 88.6% 67.7] 89.9% 55.8| 88.8% 61.0] 90.5%
Jungbluth et.al 70.9( 100.0% 75.3| 100.0% 62.9( 100.0% 67.4| 100.0%
this study 93.7| 132.0% 97.1| 129.0% 58.3[ 92.7% 61.9( 91.8%

IPCC 2013 GWP 100a in g CO,-eq per kWh of electricity
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Fig. 5.3 Greenhouse gas emissions per kWh of electricity from PV power plants in g CO,-eq (according
to IPCC (2013, Tab. 8.A.1, 100a; module efficiency: 15.1 % and 14.7 % for single-Si and mul-
ti-Si; slanted-roof installation in Europe with an annual yield of 975 kwWh/kWp and a life time
of 30 years

5.4.2 Environmental impacts

Fig. 5.4 and Tab. 5.2 show the environmental impacts quantified with eco-points ac-
cording to the ecological scarcity method 2013 per kWh of electricity produced with
single- and multi-crystalline panels and laminates installed in Europe.
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The environmental impacts assessed with ecological scarcity 2013 are 127 eco-points
(this study) compared to 114 eco-points (Jungbluth et al.) per kWh of electricity pro-
duced with silicon based single-crystalline laminate.

The reasons for the changes in the environmental impacts according to ecological scar-

city 2013 are the same as in case of the greenhouse gas emissions (see 5.4.1).

Tab. 5.2 Environmental impacts assessed with the ecological scarcity method 2013 of the production of
1 kWh of electricity produced with slanted-roof photovoltaic power plants in Europe with an
annual yield of 975 kWh/kWp; module efficiency: 15.1 % and 14.7 % for single-Si and multi-
Si; life time of 30 years

Ecological scarcity 2013 Single-Si Multi-Si

eco-points per kWh Laminate Panel Laminate Panel
ecoinventv2.2 n.a n.a. n.a n.a. n.a. n.a. n.a. n.a.
Jungbluth et.al 114 100.0% 120| 100.0% 107| 100.0% 113| 100.0%
this study 127 111.5% 132| 109.7% 98| 91.8% 103| 90.9%
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Fig. 5.4 Environmental impacts assessed with the ecological scarcity method 2013 of the production of
1 kWh of electricity produced with slanted-roof photovoltaic power plants in Europe with an

annual yield of 975 kWh/kWp; module efficiency: 15.1 % and 14.7 % for single-Si and multi-
Si; life time of 30 years
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5.4.3 Cumulative energy demand

Fig. 5.5 and Tab. 5.3 show the non-renewable cumulative energy demand per kWh of
electricity produced with single- and multi-crystalline panels and laminates installed in
Switzerland.

The non-renewable cumulative energy demand per kWh of electricity produced with
silicon based single-crystalline laminates is 1.12 MJ oil-eq (this study) compared to
0.98 MJ oil-eq according to Jungbluth et al. (2012) and 1.04 MJ oil-eq according to
ecoinvent v2.2 (ecoinvent Centre 2010).

The reasons for the changes in the non-renewable energy demand are the same as in
case of the greenhouse gas emissions (see 5.4.1).
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Tab. 5.3 Non-renewable cumulative energy demand in MJ oil-eq per kWh of electricity ;
slanted-roof installation in Europe with an annual yield of 975 kWh/kWp; module efficiency:
15.1 % and 14.7 % for single-Si and multi-Si; life time of 30 years
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CED non-renewable Single-Si Multi-Si

MJ oil-eq per kWh Laminate Panel Laminate Panel
ecoinventv2.2 1.04 106.5% 1.09] 106.8% 0.89( 104.6% 0.94| 105.1%
Jungbluth et.al 0.98| 100.0% 1.02| 100.0% 0.85 100.0% 0.90| 100.0%
this study 1.12| 114.5% 1.16| 113.1% 0.75| 88.2% 0.79| 87.9%

Cumulative energy demand, non renewable in MJ oil-eq per kWh of electricity
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Fig. 5.5 Non-renewable cumulative energy demand in MJ oil-eq per kWh of electricity ;
slanted-roof installation in Europe with an annual yield of 975 kWh/kWp; module efficiency:
15.1 % and 14.7 % for single-Si and multi-Si; life time of 30 years

5.4.4 Other indicators

Fig. 5.6 and Tab. 5.4 show the comparison of the results of ecoinvent v2.2 (ecoinvent
Centre 2010), Jungbluth et al. (2012) and this study for a set of different life cycle im-
pact category indicators. In addition to the indicators, which have been described in the
sections 5.4.1 (greenhouse gas emissions), 5.4.2 (ecological scarcity 2013) and 5.4.3
(cumulative energy demand), the indicators on acidification, human toxicity, photo-
chemical ozone creation potential, particulate matter and land competition are shown.
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The emissions of acidifying substances and tropospheric ozone forming substances, as
well as the particulate matter emissions and the land competition are higher compared to
Jungbluth et al. (2012).

The reasons for this increase are the same as in case of the greenhouse gas emissions
(see 5.4.1) (higher share of panels and laminate imported from China).

The emissions of human toxic substances is reduced by about 2 %. This is mainly due to
the increased efficiency of the photovoltaic modules. Due to the increased efficiency a
smaller area of photovoltaic laminates and panels is required for a 3kWp photovoltaic
power plant, which leads to a decrease in emission of human toxic substances. The hu-
man toxic emissions are only slightly affected by the electricity consumption and de-
pend on the direct emissions during the production of the photovoltaic modules and the
raw materials. The underlying emission factors in production remained unchanged
compared to Jungbluth et al. (2012).

Tab. 5.4 Acidification, human toxicity, photochemical ozone creation potential, particulate matter emis-
sions and land competition per kWh of electricity produced with single- and multi-crystalline
photovoltaic laminates and panels compared to previous studies for slanted-roof installation in
Europe with an annual yield of 975 kWh/kWp ; module efficiency: 15.1 % and 14.7 % for sin-
gle-Si and multi-Si; life time of 30 years

e Human Photochemica |Particulate Land
Acidification o .
toxicity | ozone matter competition

kg SO, eq kg 1,4-DBeq [kg NMVOC kg PMy, eq m’*a
ecoinventv2.2 2.69E-04 8.49E-02 2.24E-04 9.99E-05 2.86E-03
Laminate Jungbluth et.al 4.08E-04 8.15E-02 2.75E-04 1.43E-04 3.53E-03
. . this study 6.54E-04 7.19E-02 3.51E-04 2.18E-04 5.05E-03
Single-Si ecoinventv2.2 2.88E-04 8.75E-02 2.36E-04 1.10E-04 3.02E-03
Panel Jungbluth et.al 4.24E-04 8.36E-02 2.85E-04 1.52E-04 3.66E-03
this study 6.67E-04 7.37E-02 3.60E-04 2.26E-04 5.16E-03
ecoinventv2.2 2.39E-04 8.05E-02 2.16E-04 9.11E-05 2.89E-03
Laminate Jungbluth et.al 3.63E-04 7.84E-02 2.58E-04 1.29E-04 3.41E-03
Multi-Si this study 3.99E-04 6.69E-02 2.22E-04 1.37E-04 3.82E-03
ecoinventv2.2 2.58E-04 8.33E-02 2.28E-04 1.01E-04 3.05E-03
Panel Jungbluth et.al 3.79E-04 8.06E-02 2.69E-04 1.38E-04 3.55E-03
this study 4.13E-04 6.87E-02 2.32E-04 1.45E-04 3.94E-03
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Fig. 5.6  Acidification, human toxicity, photochemical ozone creation potential, particulate matter emis-
sions and land competition per kWh of electricity produced with single- and multi-crystalline
photovoltaic laminates compared to previous studies for slanted-roof installation in Europe
with an annual yield of 975 kWh/kWp ; module efficiency: 15.1 % for single-Si; life time of 30
years

5.5 Non-renewable energy payback time

Tab. 5.5 shows the non-renewable energy payback time (NREPBT) in years of a single
crystalline silicon based photovoltaic power plant with laminates installed on a slanted-
roof in Germany, Spain, Switzerland and Europe with an annual yield of 809, 1394, 922
and 975 KWh/kWp, respectively, and a life time of 30 years. The underlying non-
renewable cumulative energy demand is calculated according to Frischknecht et al.
(Frischknecht et al. 2007b) and the payback time is calculated with the non-renewable
cumulative energy demand of the non-renewable residual electricity mixes of the coun-
tries (DE, ES, CH) and regions (Europe/ENTSO) of installation. The life cycle invento-
ries of the non-renewable residual electricity mixes are shown in Subchapter 3.11.

The NREPBT of single-crystalline silicon based photovoltaic power plant with lami-
nates varies between 1.9 and 3.4 years depending on the country or region of installation
and the replaced non-renewable residual electricity mix (see Tab. 5.5).
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Tab. 5.5 Non-renewable energy payback time in years of a single crystalline silicon based photovoltaic
power plant with laminates installed on a slanted-roof in Germany, Spain, Switzerland and Eu-
rope with an annual yield of 809, 1394, 922 and 975 kWh/kWp, respectively; module efficien-
cy: 15.1 %; life time of 30 years; reference electricity mixes: non-renewable residual electricity
mixes of the countries of installation and of Europe

Non-renewable energy

Country of installation

payback time

Electricity mix Germany Spain Switzerland Europe
Germany (DE) 3.4

Spain (ES) 2.1

Switzerland (CH) 2.6

Europe (ENTSO) 3.3 1.9 2.9 2.7

The NREPBT of multi-crystalline silicon based photovoltaic power plant with laminates
varies between 1.3 and 2.3 years depending on the country or region of installation and
the replaced non-renewable residual electricity mix (see Tab. 5.6).

Tab. 5.6 Non-renewable energy payback time in years of a multi-crystalline silicon based photovoltaic
power plant with laminates installed on a slanted-roof in Germany, Spain and Switzerland with
an annual yield of 809, 1394, 922 and 975 kWh/kWp, respectively; module efficiency: 14.7 %;
life time of 30 years; reference electricity mixes: non-renewable residual electricity mixes of
the countries of installation and of Europe

Non-renewable energy

payback time Country of installation

Electricity mix

Germany

Spain

Switzerland

Europe

Germany (DE)

2.3

Spain (ES)

1.4

Switzerland (CH) 1.8
Europe (ENTSO) 2.2 1.3 1.9 18

In order to cover a broader range of possible energy payback times, the NREPBT is
calculated for different countries of installation (with different yields) and different re-
placed electricity mixes. The NREPBT is the highest in case of a PV power plant in-
stalled in Germany replacing the German residual electricity mix. The national average
annual yield is the lowest in case of Germany (809 kWh/kWp) and the non-renewable
cumulative energy demand of 1 kWh residual German electricity is lower compared to
1 kWh of residual European electricity.

The NREPBT is the lowest in case of a PV power plant installed in Spain replacing the
European electricity mix. The national average annual yield is the highest in Spain
(1394 kWh/kWp) and the non-renewable cumulative energy demand of 1kWh European
residual electricity is higher compared to 1 kWh Spanish residual electricity.
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5.6 Chinese multi-Si panels

The LCI data sets based on actual Chinese data lead to higher greenhouse gas emissions
compared to the proxy data sets for Chinese production, which are currently used in the
calculations of the global supply chain (see Fig. 5.7).

The greenhouse gas emissions of the Chinese mainstream and best technology multi-Si
panels are about 35 % and 10 % higher compared to the currently used proxy data set
for Chinese multi-Si panels.

The main reason for the considerably higher impacts (35 %) of the mainstream multi-Si
panels are the higher demand of solar grade silicon and the higher electricity demand for
the production of the solar grade silicon using mainstream technology.

The differences between the proxy and the best technology data sets are less pro-
nounced (difference of 10 %), mainly because of the smaller differences regarding the
key parameters solar grade silicon demand and electricity demand for the production of
solar grade silicon.

IPCC 2013 GWP 100a in kg CO,-eq
50 100 150 200 250 300

o

Chinese multi-Si panels, proxy
(used in the global supply chain)

Chinese multi-Si panels, mainstream
(based on actual Chinese data)

Chinese multi-Si panels, best technology
(based on actual Chinese data)

Fig. 5.7 Greenhouse gas emissions in kg CO,-eq according to IPCC (2013, Tab. 8.A.1, 100a) per
square meter of multi-Si panel (comparison of the results of the proxy and the actual data sets
for Chinese production of multi-Si PV panels)
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5.7 Data quality

5.7.1 LCI of the global supply chain

The information about the market shares on the different levels of the supply chain is
reliable. The trade of the polysilicon, silicon wafers and photovoltaic modules between
the different regions of the world is based on assumptions, since no data was available
on the traded volumes between the different world regions. However, these assumptions
are of little importance.

Furthermore, there is no specific data available for the production of polysilicon, silicon
wafers and photovoltaic modules in the different regions of the world. The life cycle
inventories of the production in the different world regions use region-specific electrici-
ty mixes.

Nevertheless, the data quality is considered as sufficient to quantify the average envi-
ronmental performance of photovoltaic systems installed in Europe with a high share of
the installed photovoltaic modules produced in China.

5.7.2 LCI of the Chinese multi-crystalline supply chain

The data quality of the LCI for metallurgical silicon production is considered as suffi-
cient. The LCI data are based on one a reviewed paper and two recent reports.

The data quality of the LCI for solar grade silicon and ingots & wafers is considered as
good. The LCI data is mainly based on information of IEE CAS? and covers a repre-
sentative share of the Chinese solar grade silicon (70 %) and multi-Si wafer production.

The data quality of the LCI for the production of multi-Si photovoltaic cells and panels
is considered as sufficient. The LCI data are based on one reviewed paper and comple-
mented with information on the direct electricity consumption of two recent reports.

The data quality of the LCI data for the Chinese supply chain in general are considered
as good because the data quality of the crucial processes (solar grade silicon production
and ingot casting / wafering) are of high quality.
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6 Conclusions

The European demand of photovoltaic modules can by far not be covered by European
production. More than three out of four modules are imported from China.

The shift of large parts of the supply chain from Europe and the Americas to China
leads to substantially increased environmental impacts per kWh of electricity produced
with silicon crystalline photovoltaic panels. This increase overcompensates for the tech-
nological improvements achieved in the last years.

The environmental impacts of single-Si modules increases compared to multi-Si mod-
ules when taking the cutting losses for the single-Si wafers into account. This leads to a
considerable difference between the environmental impacts of single-Si and multi-Si
modules.

The actual LCI data on the Chinese supply chain and production of multi-crystalline
silicon modules shows that environmental impacts caused by the Chinese production
tend to be considerably higher than modelled with the current proxy data sets used in
the global supply chain (up to 30 %). The main reason for the increase is the lower ma-
terial and energy efficiency of the Chinese production compared to the production in
Europe.
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