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ABSTRACT: Upcoming building regulations in the framework of sustainable building policy will require reliable,
producer-specific data on the environmental profile of PV products. Carbon footprinting is an important aspect of
environmental sustainability reporting but a fair comparison can only be made when all environmental footprints of a
product are taken into account. Also different LCA databases (for example ecoinvent, Gabi and ELCD) will generate
different results. Many PV module producers have performed a carbon footprint analysis but because various
methodologies and assumptions are used a good comparison is not possible. ISO 14067-1 is the internationally leading
(draft) standard for carbon footprinting of products. No Product Footprint Category Rules (PFCR) or Product Category
Rules (PCRs) for Photovoltaics exist and it is recommended to use IEA PVPS task 12 guidelines. New LCA data for
commercial production of crystalline silicon-, amorphous silicon, CIGS and CdTe glass-based PV modules are compiled
and show decreased power and material consumption.
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PV AND SUSTAINABLE BUILDING POLICY

PV technology is expected to play an increasing role
in the construction of sustainable buildings. At the same
time we can observe that many European countries are
looking at LCA-based instruments to measure the
sustainability performance of such buildings.
For example in the Netherlands a calculation of the
Environmental Performance of Buildings (MPG) is
obligatory for new residential and office buildings from 1
January 2013. Without such a calculation no building
permit will be issued. It is to be expected that other
European countries (Germany, France) will follow with
similar regulation in the near future.
Environmental product data for building products are
necessary for such assessments. The Dutch building
industry has therefore set up a National Database with
Environmental Product Data. PV panels are included in
this database on basis of data which are relatively old
(2005) and not producer-specific. Only three types of PV
modules are distinguished c-Si (mono+multi), a-Si foil
and CdTe.
Because of the design of the assessment scheme PV
systems will show a negative effect on the environmental
impact score of the building. The reason for this is that
only the impacts of materials in the building are assessed
in the MPG-score but not the positive effect of PV energy
production. Energy output is included in a separate
building performance score: the energy performance
score. The latter performance score is required and
prescribed by the European Energy Performance
Directive for Buildings (EPBD).
The negative effects of PV components on the
material impact score may discourage architects to
include a PV system in their building design. This effect
will be enhanced by PV product data which are too
pessimistic.
Moreover, PV producers who can show that their
product has a better environmental performance than the
generic profile can expect a boost for their market share
in the building sector. As was shown by de WildScholten [1], full consideration of the specific production
locations can have a significant positive or negative

effect on the environmental impact score of PV panels.
The bottom line is that reliable, producer-specific
data on the environmental profile of PV products are
become increasingly important to ensure a fair treatment
of PV systems on buildings.
Upcoming building
regulations in the framework of sustainable building
policy will strengthen this trend. PV producers should act
proactively to prevent a negative image among building
designers and a loss of market share in the building
sector.
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CARBON FOOTPRINTING

A leading carbon footprint is a market differentiator
and creates an effective Unique Selling Point. This will
help to build a premium brand which allows premium
pricing and will increase sales. The attitudes of PV
module customers towards carbon footprint certification
are shown in Figure 1. Manufacturers of solar cells and
modules have acknowledges this and ordered certified
carbon footprint studies (Table I). Unfortunately all LCA
results remain confidential.
Various specifications/guidelines/standards exist for
carbon footprinting. PAS 2050 is a British specification
(not a standard!) and was released in 2008. The The
international Greenhouse Gas Protocol (GHG Protocol)
was released September 2011. ISO 14067-1 “Carbon
footprint of products” is the international standard. The
final version of ISO 14067-1 is expected 2013-04-15 but
the draft version is already available and used. Table II
shows that different carbon footprint methods and
implementations will lead to different results.
Table III shows carbon footprint results for
crystalline silicon PV modules from various studies [2-5].
Due to different electricity mixes used it is not possible to
make a good comparison of the technologies used.
In addition to this different LCA databases needed for
other data will generate different results. The ecoinvent
database is the most transparent, the ELCD database is
very incomplete and the Gabi database is not transparent.
To overcome problems associated with the use of
different methodologies, assumptions and databases
Product Footprint Category Rules (PFCR) or Product

Category Rules (PCRs) for Photovoltaics are needed.
However PFCR/PCRs do not exist for Photovoltaics and
it is recommended to use the IEA PVPS task 12
guidelines instead [6].
A reliable certified environmental footprint of PV
modules can be performed by an LCA commissioner who
is 1) competent, which means having experience in Life
Cycle Assessment of Photovoltaics, 2) uses best & up-todate software & databases, 3) has a systematic approach,
4) provide transparent documentation so others can
reproduce the LCA results and 5) is independent.
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LCA DATA PV MODULES

Older data sets for PV modules are available in for
example [7].
New LCA data for commercial production of
crystalline silicon-, amorphous silicon, CIGS and CdTe
glass-based PV modules are compiled and show
decreased power and material consumption [8]. The
following datasets have been updated to status 2011:

monocrystalline silicon crystal,

multicrystalline silicon ingot,

monocrystalline silicon wafer,

multicrystalline silicon wafer,

monocrystalline silicon solar cell,

multicrystalline silicon solar cell,

crystalline silicon PV module,

a-Si PV module,

CIGS PV module,

CdTe PV module.
The major data are based on 2011 manufacturers’
data and 2011 values the International Technology
Roadmap for Photovoltaics (ITRPV 2012). These data
are verified by comparison with data from equipmentand materials manufacturers (status 2011/2012). Two
examples are presented here: 1) EVA encapsulation foil
amount per 1.6 m2 module (Table IV) and 2) Power
consumption for Czochralski crystal growth (Table V,
Figure 2).
EVA foil amount in the ecoinvent 2.2 database is 1.6
kg per 1.6 m2 module. The 2011 data from ITRPV [9]
give 450 micron thickness, combined with 0.955 g/cm3
density (average [11]), 2 layers EVA, cutting loss 1% [9]
results in 1.376 kg/m2 which value is also adopted by
SmartGreenScans [8]. Average data from the EVA
market survey study by Schmela [11] give 466 micron
thickness and with the same assumptions as above result
in 1.424 kg/module which is very close to the value of
1.376 kg/m2. It must be pointed out that the market
survey provides an overview of EVA foils on the market
but has no data on market share of the various foils.
Power consumption for the growth of Czochralski
monocrystalline silicon crystals for solar applications in
the ecoinvent 2.2 database is 85.6 kWh/kg crystal.
Manufacturers data collected by SmartGreenscans has a
value of 68.2 kWh/kg crystal. Data from equipment
manufacturers are taken from Chunduri (2012). The
average power consumption is multiplied with the cycle
time to get the average power consumption per cycle.
From the maximum charge in the crucible 20 kg (guess)
was subtracted to obtain the mass of silicon crystal grown
per cycle. It is assumed that the same amount of
electricity is needed to cool the cooling water (worst case
assumption). The average value obtained for all Cz
crystal growing equipment is 58 kWh/kg crystal. When

taking the typical value for the growth of a 165 kg crystal
[9] we obtain a value of 50 kWh/kg crystal. The market
survey of equipment does not have information about
market shares. The value of 85.6 and 68.2 kWh/kg crystal
also include power consumption for other than crystal
growing like clean room air conditioning and poly-silicon
cleaning. The value of 68.2 is an acceptable value.
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CONCLUSIONS

Increasing the accuracy, transparency, comparability
and reliability of carbon- and environmental footprint
analysis of PV modules can be achieved by 1) the use of
international ISO standards, 2) the use of IEA PVPS task
12 LCA guidelines for PV, 3) the use of recent LCA data
sets of PV modules and its components.
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Figure 1: Market research into the attitudes of PV module customers towards carbon footprint certification by EuPD
Research
Table I: Certified carbon footprint studies announced by solar cell and PV module producers

Table II: Characteristics of carbon footprint methods

Table IIIa: Details of LCA studies presented by crystalline silicon PV module manufacturers

Table IIIb: Energy payback time and carbon footprint results presented by crystalline silicon PV module manufacturers

Table IV: EVA encapsulation foils (Company data: Schmela 2012)

Table V: Power consumption for Czochralski silicon crystal growth (Company data: Chunduri 2012)

Figure 2: Average power consumption per max. ingot weight versus max. ingot weight for Czochralski silicon crystal
growth (Data from Chunduri 2012)

