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Preamble - Foreword
This methodological framework provides a method for assessing the environmental impacts of
photovoltaic (PV) systems throughout their life cycle. It is aimed at PV system designers so that
the environmental impacts of PV electricity generation can be evaluated using the rules set out
in this document. Assessing the environmental impact of photovoltaic systems requires the
use of impact factors; some of the default values proposed for these impact factors in this
methodological framework are deliberately conservative. This choice of conservative values is
meant to encourage manufacturers of photovoltaic system components to substitute these
conservative values with their own values in order to reflect more closely the actual
environmental settings of the PV system components. These proposed conservative values are
not representative of the PV industry and should only be used within this methodological
framework.
The results of any environmental assessment carried out using this methodological
framework must not be used for comparison with other types of environmental
assessments of photovoltaic systems that do not follow this methodological framework,
nor should they be used for systems that produce electricity from renewable energy or
fossil energy. Since the proposed methodological framework is specific, a comparison of
the results with other types of environmental assessments is inappropriate.
This methodological framework is aimed at photovoltaic system experts with a good
knowledge of environmental assessment.
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Terms and definitions
For the purpose of this document, the following terms and definitions apply. These definitions
cover both novel and ISO terminology.
Table 1 – Terms and definitions

Term

Definition

Array efficiency

Ratio of the maximum electric power output to the product of the
surface of the photovoltaic device by incident irradiance measured
under defined conditions, generally standard test conditions (STC).
[Photovoltaic terminology, ADEME, 2011]

Breakdown

Characterises the scope of a process in terms of sub-components or
life cycle phases.

Classification

LCA stage in which elementary flows are attributed to different impact
categories.

Conservative data

Reference value or impact factor value which penalises the impacts of
a Life Cycle Inventory in as much as the impact of the process on the
environment is maximized.
Note 1: The aim of conservative data is to encourage product
manufacturers to develop their own inventories to reduce the
environmental impact of their systems.
Note 2: If the LCI of a process contains at least one penalising value,
then this LCI is considered to be penalising.

Consumed energy

Consumed energy means energy consumed on-site by electric
appliances, when operating within a contractual arrangement to sell
any surplus capacity to the grid.
Note: This useable consumed energy does not include losses through
the internal electricity network nor any consumption by ancillary
functions of the photovoltaic installation (e.g. monitoring).

Total surface area of the entire integration system (including area of
Effective surface area of
modules and neutral zones) excluding any peripheral flashing (items
PV field
connecting the building and the PV field) (unit: square metres).

Elementary flow

Material or energy entering the system being studied that has been
drawn from the environment without previous human
transformation, or material or energy leaving the system being
studied that is released into the environment without subsequent
human transformation.
[ISO 14040, 2006]

Environmental footprint Measure of the impact of human activity on the environment.
Functional unit

Quantified performance of a product system for use as a reference
unit.
[ISO 14044, 2006]
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Impact category

Class representing environmental issues of concern to which life cycle
inventory analysis results may be assigned.
[ISO 14040, 2006]

Impact factor

Life Cycle Impact Assessment result associated with the LCI of a
system of products obtained by multiplying the system of product’s
LCI flows by the corresponding characterisation factors.

Life Cycle Assessment
(LCA)

Compilation and evaluation of the inputs, outputs and the potential
environmental impacts of a product system throughout its life cycle.
[ISO 14040, 2006]

Life Cycle Impact
Assessment (LCIA)

Phase of life cycle assessment aimed at understanding and evaluating
the magnitude and significance of the potential environmental
impacts for a product system throughout the life cycle of the product.
[ISO 14040, 2006]

Life cycle inventory
analysis

Phase of life cycle assessment involving the compilation and
quantification of inputs and outputs for a product throughout its life
cycle.
[ISO 14040, 2006]

Nominal power (or
peak power) of
photovoltaic module

Maximum power value measured under standard test conditions
(STC), used to designate and identify a photovoltaic module (unit: W;
frequently Wc).
Note: The nominal power is marked on the module; it is generally a
rounded value.
[Photovoltaic terminology, ADEME, 2011]

Non-conservative data

Reference value or impact factor value which does not penalise an LCI.
Note: The aim of non-conservative data is to avoid encouraging
product manufacturers from developing their own inventories as the
data is not penalising.

Nominal power (or
peak power) of PV
system

Sum of the peak powers of all of the system’s photovoltaic modules
(unit: W; frequently Wc).

Performance Ratio (PR)

Indicator showing the effect of losses from a photovoltaic system in
relation to its nominal power (unit: dimensionless expressed as %).
[Photovoltaic terminology, ADEME, 2011]

Photovoltaic array field

A set of photovoltaic units with a reference to the visual aspect of the
way the photovoltaic modules are arranged.
[Photovoltaic terminology, ADEME, 2011]

Photovoltaic
installation

All of the parts of a photovoltaic system installed on a given site
referring to security and protection codes and practices for people
and goods.
[Photovoltaic terminology, ADEME, 2011]
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Photovoltaic module

Basic unit producing electric energy (direct current) comprising an
assembly of interconnected photovoltaic cells, completely protected
from the environment.
Note: Photovoltaic modules are the basic elements of a photovoltaic
generator. They are subject to standards relating to the technology
used.
[Photovoltaic terminology, ADEME, 2011]

Photovoltaic system

System including the generation, distribution, or even storage, of
electric energy obtained through photovoltaic conversion of solar
energy.
[Photovoltaic terminology, ADEME, 2011]

Process

Set of interrelated or interacting activities that transform inputs into
outputs.
[ISO 9000, 2005]

Product category

Group of products that fulfil equivalent functions.
[ISO 14025, 2006]

PV potential output

Quantity of electricity produced over the life cycle of an installation
depending on its geographical location and performance (expressed in
kWh).

Reference
environmental impacts

These relate to the PV potential output of a reference site
representing an average situation on mainland France.

Reference flow

Measure of the outputs from processes in a given product system
required to fulfil the function expressed by the functional unit.
[ISO 14040, 2006]

Reference value

Numeric value of process inputs. Reference flow of processes that
directly feed into level 2 of the system studied (i.e. PV system
implementation).

Total module area

Surface area of the front of a photovoltaic module, exposed to
irradiance, defined by its outer edges (unit: square metres).
[Photovoltaic terminology, ADEME, 2011]
Note 1: The total area of a module comprises the total surface area of
photovoltaic cells plus the space not covered by the cells; the area of
the front part (if there is one) should be included.
Note 2: A module’s photovoltaic conversion yield should refer to the
total area.
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Introduction
New French regulations to support the development of photovoltaic installations will
increasingly take into account the assessment of the environmental footprint of energy
production systems over their entire life cycle.
ADEME has been asked to devise an environmental methodological framework for
photovoltaic systems to help installers and designers of PV systems meet these new
requirements.

1. Framework objectives
The methodological framework aims to provide a method to assess the environmental
impacts of photovoltaic (PV) systems over their life cycle.
It rests on the principle that assessing the environmental impacts of PV systems must take a
life cycle and multi-criteria approach. The framework must also meet the following objectives:
-

Inform those responsible for designing, commissioning and operating PV systems
about the environmental impacts of PV systems throughout their entire life cycle, so
that they can integrate this information as a decision-making criterion into their
investment strategy.

-

Enable the evaluation of PV systems based on their environmental performance and
within comparable circumstances.

This methodological framework should be used by decision-makers and public bodies to assess
the environmental impacts of PV system implementations.

2. Target audience
This methodological framework is aimed at PV system designers and installers. The PV sector
supply chain has been divided into four levels so that various stakeholders can quickly navigate
to the relevant section of the framework:


Level 1: Processes – shown in green boxes – go directly to this level to calculate the
impacts of PV sub-systems.



Level 2: PV sub-systems – shown in blue boxes – go directly to this level to calculate
the impacts of PV systems.



Level 3: PV systems – shown by purple dots – use the flows to calculate directly the PV
potential output.
10



Level 4: PV system life cycle – shown by the orange dots – gives the impact of the PV
system according to the methodological framework’s functional unit (see page 16).

This division is shown in figure 1 on page 12.
The various PV system stages, i.e. manufacture, use and end of life, are incorporated into this
division. End-of-life processing and the potential replacement of components during a PV
system lifespan are both integrated into level 1 – Processes – to obtain an environmental
assessment covering the complete life cycle of the various processes making up the PV system.
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Figure 1 – Schematic of the PV methodological framework
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3. Drafting of the framework
This methodological framework was developed in consultation with a working group of
representatives from the French PV industry (i.e. manufacturers, professional bodies,
engineering consultancy firms, project developers, PV system designers and operators,
government representatives, research and certification bodies). The working group met four
times for consultation and discussions during the development of the framework between
2011 and 2012.
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Framework concept
This methodological framework provides a method for evaluating the environmental impacts
of photovoltaic systems over their life cycle. Therefore this framework rests on a methodology
guiding the overall course of an LCA study.
It includes a step by step guide on how to calculate the environmental impacts of a PV system,
which follows three distinct stages (see: Instructions for calculating the environmental impacts
of PV systems, page 21). Two types of result will be sought:
(1) the environmental impacts related to the potential estimation of a PV installation on a
specific site;
(2) the “reference environmental impacts”, so-called because they relate to the potential
estimation of a reference PV installation representing average site conditions in mainland
France.
Default values are used in the following instructions for carrying out an LCA study; some of
these default values are intentionally conservative. This choice of conservative values is meant
to encourage manufacturers of photovoltaic system components to replace these conservative
values with their own values to better match the environmental context of the actual PV
system components. The conservative values proposed in this methodological framework are
not representative of the PV industry and should only be used within this framework.

14

Methodological framework
1. Product category
The environmental assessment set out in this framework applies to the product categories
defined in table 2. It relates to low, medium or high voltage PV systems connected to a public
electricity grid.
Table 2 – Product categories covered by the framework

Product categories

Power Pmax

Voltage range

Category 1

Above 0 kVA and
below 36 kVA

LV single phase
or three phase

Strictly above 36 kVA
and below 250 kVA

LV three phase

Category 2.a

Description of PV system
installation
Building-applied,
building-integrated
or roof-mounted
Building-applied,
building-integrated
or roof-mounted

Category 2.b

Ground-mounted

Category 3.a

Building-applied,
building-integrated
or roof-mounted

Strictly above
250 kVA

MV

Category 3.b

Ground-mounted

Where: Pmax (kVA or kW) equals the PV system’s maximum power defined as the minimum
between the sum of the maximum power of the inverters and the total peak power of the PV
field, as defined in Article 1 of the French legislation No. 2000-877 dated 7 September 2000.
This is a general methodological framework which can be applied to any PV system installed in
France, except for concentration PV systems (CPV). Single-crystal silicon and thin-film
technologies are singled out in the framework; all other technologies are classified as
undefined technologies (see Annex 2). Should any sectorial methodological framework be
developed, they should conform to this general methodological framework.
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2. Definition of the scope of LCA study
a) Function and functional unit
The basic function of the PV installations analysed using the methodological framework is
electricity production.
The functional unit of the LCA must relate to the function of the system analysed and is used
to compare the results of different electricity-generating PV systems. It is therefore:
1 kWh generated by a photovoltaic system during its lifespan
and either exported to the grid (distribution or transmission) or consumed
Consumed energy means energy consumed on-site by electric appliances, when operating
within a contractual arrangement to sell any surplus capacity to the grid. This useable
consumed energy does not include losses through the internal electricity network nor any
consumption by ancillary functions of the photovoltaic installation (e.g. monitoring).
To carry out the environmental analysis of the technological process characterised by this
functional unit it is necessary to estimate the PV system potential estimation. This estimate
should take into account the technical characteristics of the installation being studied (i.e.
module yield, electricity losses, PV system lifespan, etc.) as well as the irradiation at the PV
system location.
The environmental impacts of the PV system can be calculated either by using the system's
nominal power or the effective surface area of the PV field related to the kWh (the functional
unit in the framework). This calculation method is described in Annex 1 (page 32).

b) System boundaries
The different stages of the PV system’s life cycle are included in the system boundaries:
- Manufacture of PV system components,
- Installation of the PV system,
- Use and maintenance,
- Dismantling,
- End-of-life management (recycling, incineration and/or landfilling of the PV system
component materials)
The infrastructure for manufacturing the PV system components is included in the system
boundaries at the manufacturing stage.
Transport involved in these life cycle stages is also taken into account.
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Elements of the life cycle not taken into account:

- Staff travel (except for maintenance operations)
- Administration, sales, distribution and research and development (R&D)
- Materials and energy flows resulting from ventilation, lighting and monitoring equipment
- Carbon offsetting measures taken by the company.


Lifespan of PV system components:

- Lifespan of modules: 30 years
- Lifespan of inverters: 15 years
- Lifespan of other PV system components: 30 years
The PV system lifespan is considered to be the same as that of the modules.

c) Impact categories and calculation methods
Evaluating the environmental impact makes it possible to translate elementary flows into
environmental impacts. This includes a classification of emissions broken down into impact
categories, mid-point characterisation and damage characterisation.
The indicators used in the PV methodological framework and the corresponding
characterisation methods are presented in table 3 below. These indicators include both
environmental impact indicators and energy flow indicators.
Table 3 – Indicators chosen to measure relevant environmental impacts

Environmental
impact / energy flow

Indicator

Unit

Method

Calculation of
impact factors in
the framework

Climate change

Radiative forcing as
Global Warming
Potential (GWP100)

kg CO2
equivalent

IPCC 2007 100 years
baseline model

Mandatory

Respiratory
inorganics

Intake fraction for
fine particles

kg PM2.5
equivalent

RiskPoll model (Rabl
and Spadaro, 2004)
et Greco et al., 2007

Mandatory

Resource depletion,
water

Water use related to
local scarcity of
water

m water
equivalent

Swiss Ecoscarcity
2006

Mandatory

Primary energy
consumption,
renewable

Renewable primary
energy consumption

MJ

Cumulative Energy
Demand

Mandatory

Primary energy
consumption, nonrenewable

Non-renewable
primary energy
consumption

MJ

Cumulative Energy
Demand

Mandatory

kg CFC-11
equivalent

Steady-state ODPs
1999 as in World
Meteorological
Organization
assessment

Optional

Ozone depletion

Ozone depletion
potential (ODP)

3
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Human toxicity,
cancer effects

Comparative Toxic
Unit for Humans
(CTUh)

CTUh

USEtox

Optional

Human toxicity,
non-cancer effects

Comparative Toxic
Unit for Humans
(CTUh)

CTUh

USEtox

Optional

Ionising radiation,
human health

Human exposure
efficiency relative to
U235

kg U235
equivalent

Human health effect
model as developed
by Dreicer et al. 1995
(Frischknecht et al,
2000)

Optional

Ionising radiation,
ecosystems

Comparative Toxic
Unit for Ecosystems
(CTUe)

CTUe

Garnier-Laplace et al.
2009

Optional

Photochemical
ozone formation

Tropospheric ozone
concentration
increase

kg NMVOC
equivalent

LOTOS-EUROS (Van
Zelm et al. 2008) as
applied in ReCiPe

Optional

Acidification

Accumulated
Exceedance (AE)

molc H+
equivalent

Accumulated
Exceedance (Seppälä
et al. 2006, Posch et
al., 2008)

Optional

Eutrophication,
terrestrial

Accumulated
Exceedance (AE)

molc N
equivalent

Accumulated
Exceedance (Seppälä
et al. 2006, Posch et
al., 2008)

Optional

Eutrophication,
freshwater

Fraction of nutrients
reaching freshwater
end compartment

kg P
equivalent

EUTREND model
(Struijs et al. 2009) as
implemented in
ReCiPe

Optional

Eutrophication,
marine

Fraction of nutrients
reaching marine end
compartment

kg N
equivalent

EUTREND model
(Struijs et al. 2009) as
implemented in
ReCiPe

Optional

Ecotoxicity,
freshwater

Comparative Toxic
Unit for Ecosystems
(CTUe)

CTUe

USEtox

Optional

Land use

Soil Organic Matter
(SOM)

kg C deficit

Model based on Soil
Organic Matter (Mila
i Canals et al. 2007b)

Optional

Resource depletion,
mineral, fossil and
renewable

Scarcity

kg Sb
equivalent

CML 2002 (Guinée et
al. 2002)

Optional

1

1 The land use impact category is applicable (as an option) to ground-mounted photovoltaic systems
only; it is not applicable to photovoltaic systems mounted on buildings.
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Both the indicators and the methods used are in line with the European recommendations set
out by the European Commission’s Joint Research Centre (EC-JRC, 2011). The European
Commission makes recommendations for impact indicators only. The European Commission’s
recommendations classify methods into three distinct levels (EC-JRC, 2011): Level 1 – method
recommended and satisfactory; Level 2 – method recommended, some improvements
needed; and Level 3 – method recommended but to be applied with caution. No
recommendation levels have been assigned to the flow indicators Primary energy
consumption, renewable and Primary energy consumption, non-renewable. The
characterisation factors are taken from the ILCD 2011 Midpoint method version 1.01
implemented in Simapro 7.3.32,3
Some of the impact categories in the methodological framework are mandatory – i.e. users
must calculate results for these impact categories, while others are optional – i.e. users can
mention them if they so choose.
Climate change:
The European Union members have set a binding target to reduce greenhouse gas emissions
by 20% by 20204. The Climate Change impact category is included as mandatory.
The indicator for this impact category is global warming potential over a 100-year timeframe
(GWP100). Greenhouse gas emissions during the life cycle stages of a PV system are estimated
over a 100-year timeframe using the IPCC 2007 method at 100 years (IPCC, 2007), which is
classified as Level 1: recommended and satisfactory (EC-JRC, 2011). The unit is kg
CO2.equivalent
Respiratory inorganics:
Inhaling inorganic particles is damaging to human health. The impact category Respiratory
inorganics is included as mandatory, using the RiskPoll model (Rabl and Spadaro, 2004; Greco
et al. 2007), which is classified as Level 1: recommended and satisfactory (EC-JRC, 2011). The
unit is the equivalent in kg of PM2.5.
Resource depletion, water:
The use of water resources increasingly represents an environmental challenge (Alsema et al.
2009). This water consumption indicator is also used in Certisolis’s methodological framework
for photovoltaic quality certification (option: environmental impact) proposed by Certisolis as
part of a quality approach to photovoltaic energy. The impact category Resource depletion,
water is included as mandatory.
The application of the Swiss Ecoscarcity method (Frischknecht et al. 2009) is classified as Level
3: recommended but to be applied with caution (EC-JRC, 2011). The unit is the equivalent in m3
of water.

2

The characterisation factors are taken from version 1.0.3 dated 1 March 2012 and are downloadable at
http://lct.jrc.ec.europa.eu/assessment/data#da.
3
The characterisation factors for renewable and non-renewable primary energy consumption are taken
from the method Cumulative Energy Demand version 1.08 implemented in Simapro 7.3.3.
4
European Parliament Directive 2009/29/EC; viewable at:
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0063:0087:en:PDF
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Primary energy consumption, renewable and non-renewable:
The European Union members have set a binding target to reduce energy consumption by 20%
and consume 20% of renewable energy by 20205. The flow indicators Primary energy
consumption, renewable and non-renewable are included as mandatory.
These flow indicators describe consumption of fossil, nuclear and renewable energy sources
throughout a PV system’s life cycle. The Cumulative Energy Demand (CED) method is applied
to quantify consumption of both renewable primary energy (i.e. geothermal hydraulic, solar,
wind and biomass) and non-renewable primary energy (i.e. fossil and nuclear) (Frischknecht et
al. 2007). The European Commission does not recommend any flow indicators. The unit is MJ.
A description of the optional impact categories is available on the European Commission’s
website (http://lct.jrc.ec.europa.eu/assessment/data#da).

5

European Parliament Directive 2009/28/EC, viewable at:
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=Oj:L:2009:140:0016:0062:en:PDF
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Instructions for calculating the
environmental impacts of PV systems
The environmental assessment of a PV system involves three distinct stages of calculation:
1. Generating the PV system impact factors: For all mandatory impact categories the PV
system impact factors must be calculated using the methodological framework
procedure set out below. These impact factors will enable to estimate the
environmental impacts of a PV system (Level 3) wherever its location.
2. Estimating the PV system potential estimation: The system potential estimation over
its lifespan is calculated, both at the planned installation site and the reference site
(reference insolation).
3. Relating the PV system environmental impacts to the FU: The above two results are
used to calculate the environmental impacts of the PV system in relation to the
functional unit of the PV methodological framework (Level 4).
Two types of result will be sought:
(1) the environmental impacts related to the potential estimation of a PV installation on a
specific site and;
(2) the so-called “reference environmental impacts” because they relate to the potential
estimation of a reference PV installation representing average site conditions in mainland
France.

1. Generating the PV system impact
factors
This paragraph explains how to use reference data to generate the impact factors of a PV
system in accordance with the methodological framework. Calculations of the PV system
impact factors must be made strictly in accordance with Annex 2. Impact factors and reference
values specifically developed for this framework are listed in this Annex to enable calculations
of the PV system impacts. Three steps are required:
Step 1 – Identify the product category: Refer to Table 2 (p 15) to identify the correct product
category. Then to calculate the impact factors, go to Annex 2 to find the section corresponding
to this product category. That section provides the calculation methods and values to carry out
the calculations.
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Step 2 – Calculate the impact factors for each process: For the product category considered,
compile the impact factors for each PV system process, systematically applying equation 1
[Equ.1] to calculate the impacts of process n:

[Equ. 1]

Where:
Impn: Impact of process n
FIn: Conservative impact factor
fin: Non-conservative impact factor
RQ: Reference value

There are two possibilities when selecting reference values for each process:
a. In the absence of precise information on the reference values of the PV system, the
default reference values proposed in Annex 26 must be used.
b. If precise information on the reference values of the PV system is available, these
reference values can be used. In such cases the substitution of reference values must
be explained.

The impact factors proposed in the methodological framework are either conservative (shown
as FI) or non-conservative (shown as fi). This distinction was established when drafting the
methodological framework to reflect the relative significance of each process to the
environmental impacts of the entire PV system. Processes that strongly influence the LCA are
characterised by FI, while processes that have a relatively low influence on the results are
characterised by fi. It was possible to establish such a distinction thanks to feedback on the
environmental analyses of PV systems. The Life Cycle Inventories (LCI) come from the
ecoinvent database and the ESPACE7 project. The ecoinvent LCIs are based on the European
project Crystal Clear (2004-20088). The inventories, which were put together in this European
project, are sufficiently detailed, referenced and transparent to be used in the methodological
framework.
The conservative and non-conservative impact factors were developed using the following
procedure:


The procedure used to establish conservative impact factors

1. When several representative process inventories were available, an extreme case was
identified and used to define FI. This applied to the following processes: electrical connections,
PV modules, mounting structures, installation and dismantling.
6

For PV systems with a nominal power above 12 MW in product category 3.b, the reference values
should be recalculated. Refer to Annex 7 of the methodological framework.
7
More information on the ESPACE project can be found at: http://www.espace-pv.org
8
For more information on the European project Crystal Clear see: http://www.ipcrystalclear.info
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Example of FI development of PV modules in the methodological framework:
The environmental impacts of the PV modules significantly influence the LCA results:
conservative impact factors are developed. Several LCIs representing the PV module supply
chain are created: modules manufactured in Germany, China, France, Norway, Japan and
the United States, for different technologies. For each module technology an extreme case
was defined corresponding to the maximum impact factors for each LCI.
2. If only one representative process inventory was available, a margin was added to its impact
factors; this was the case with the inverter process.
Example of FI development of inverters in the methodological framework:
Based on the available LCI, the impact factors have been increased by 20%. This is an
empirical value.


The procedure used to establish non-conservative impact factors

1. When several inventories were available, an average case was defined; there is no such
example in the methodological framework.
2. If only one representative process inventory was available, then the impact factors are those
of that inventory. This is the case for the following processes: transformer, fencing, occupied
land area, technical premises, access route, maintenance staff transport and module cleaning.
Default impact factors for each process (at Levels 1 and 2 defined in Figure 1) are provided in
Annex 2. Users of the methodological framework are free to substitute the impact factors
proposed in Annex 2 with their own impact factors. If precise information on a specific PV
system process is available, then it is allowed to calculate and use the relevant impact factors
for this process; strict instructions for calculating impact factors are specified in Annex 5.
For each process, impacts must be calculated for each mandatory impact category.

Step 3 – Calculate the impact factors of the PV system: According to the PV system
breakdown detailed in Annex 2 and the methodological framework schematic (see Figure 1),
the impacts of each process are calculated using equation 1 [Equ. 1], then added together to
obtain the impacts of each PV sub-system (PV infrastructure, supporting infrastructure,
building site, maintenance). Eventually, the impacts of the entire PV system are calculated by
adding up the impacts of each PV sub-system.

2. Estimating the PV system potential output
The PV system potential output must be estimated over its entire life cycle. Two estimates are
required: one on-site estimate (see Case 1 or Case 2 below) and one so-called reference site
estimate.
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a) On-site estimate
Case 1: Potential output estimate based on tender calculations
If an annual PV potential estimation estimate (in kWh) has been calculated in order to bid for a
public call to tender to purchase electricity generated from solar energy, then this estimate
must be used. The following equation [Equ. 2] will be applied to estimate the PV potential
output over the system life cycle:

∑

)

[(

(

)]

[Equ. 2]

Where:
ETotal: PV potential estimation based on tender calculations
EVALElec: Estimated annual potential estimation (kWh)
δ: Annual module degradation
n: Module lifespan (expressed in years)
Annual module degradation
Module degradation reduces the efficiency of the PV system during its lifetime. A linear
degradation of 0.7% per year should be applied, corresponding to an overall degradation of
20% at the end of a module lifespan.
The degradation rate stated by the PV module manufacturer can be used instead of the abovementioned degradation value. In this case, linear degradation should be used only for the
period of the manufacturer’s guarantee. Beyond that time, a linear degradation of 0.7% per
year should be applied.
Module lifespan
A module lifespan of 30 years should be used.
Case 2: Potential output estimate based on the simplified method
This is a simplified method providing component manufacturers with a reference calculation to
estimate the PV potential which can be used as a base for comparing different products.
The following equation 3 [Equ. 3] will be applied to estimate the PV potential output over the
system life cycle:
∑

)

[(

Where:
ETotal: Potential estimation based on the simplified method
PPeak: Nominal power of the PV system (kWp)
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(

)]

[Equ. 3]

Irplan: Average annual irradiation over the installation surface (see Annex 3 to obtain this value
using PVGIS)
PRinstal: Performance Ratio of the PV system
ΦirrSTC: Irradiance at STC (equivalent to 1 kWp/m²)
δ: Annual module degradation
n: Module lifespan (expressed in years)
Average annual irradiation over the installation surface
The average annual irradiation over the installation surface should be calculated as per Annex
3.
Performance ratio of the PV system
The performance ratio of a PV system which is a correction factor of the PV installation’s
overall yield depends on the:
- AC/DC conversion system
- Actual operating temperature of the modules
- Type of module integration
The performance ratio depends on the product category (see page 15). The following values
should be considered:
Table 4 – Product category and performance ratio

Product category

Performance ratio (PRinstal)

Product category 1, 2.a and 3.a

0.75

Product category 2.b and 3.b

0.80

Annual degradation of modules
Module degradation reduces the efficiency of the PV system during its lifetime. A linear
degradation of 0.7% per year should be applied, corresponding to an overall degradation of
20% at the end of a module lifespan.
The degradation rate stated by the PV module manufacturer can be used instead of the abovementioned degradation value. In this case, linear degradation should be used only for the
period of the manufacturer’s guarantee. Beyond that time, a linear degradation of 0.7% per
year should be applied.
Module lifespan
A module lifespan of 30 years should be used.
For PV systems with tracking devices, the following factors should be added to the potential
output when using the above equation 3 [Equ. 3]:
- + 15% for 1-axis tracking.
- + 25% for 2-axes tracking.
The increase in potential output for PV systems with tracking devices has been set empirically.
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b) Reference site estimate
The method outlined above under Case 2 equation 3 [Equ. 3] is to be followed when
calculating the potential output of a reference site. An average annual irradiation value of
1440 kWh/m² on the installation surface should be used.

3. Relating the PV system environmental
impacts to the FU
Equation 4 [Equ. 4] must be used to calculate (1) the environmental impacts of the PV system
in relation to the functional unit of the methodological framework and (2) the environmental
impacts of the PV reference system:
[Equ. 4]

Where:
Imp FU : Impact of the PV system related to the functional unit
Imp PV system: Impact of the PV system
E Total: PV potential output
The impacts per functional unit should be calculated for each of the mandatory impact
categories of the methodological framework.
Details of a practical example using the methodological framework can be found in Annex 6.
It is important to note that the options available in this methodological framework (especially
when estimating the PV potential output) may result in uncertainty of at least 15% on the
environmental impacts in relation to kWh produced over the installation’s life cycle. 10% of
this uncertainty arises from the potential variability when evaluating the PV potential output
based on the different options given (case 1 and case 2). A 5% uncertainty margin has been
added arbitrarily to emphasise the fact that there is some uncertainty about the impact factors
and the modelling of environmental impacts.
Therefore projects showing a difference of less than 15% in the environmental impacts of one
kWh of generated electricity should be considered equivalent.
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Deliverable format
The results of the LCA study should be reported in full and in detail and laid out according to
the document format provided in Annex 4. Four types of result (two mandatory and two
optional) are to be reported:
1. The environmental impacts of the PV system using its site-specific PV potential output.
2. The "reference" environmental impacts of the PV system.
3. The environmental impacts of the PV system related to its nominal power (Annex 1 optional).
4. The environmental impacts of the PV system related to its effective surface area
(Annex 1 - optional).

27

Verification and control procedure
The procedure for verifying and controlling the results of environmental studies prepared
using the methodological framework will be determined by those bodies responsible for
evaluating photovoltaic projects. All documents used for evaluating the environmental
performance of the PV system based on the methodological framework must be kept and
remain available to those bodies responsible for evaluating photovoltaic projects.
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Revision of the framework
The present PV methodological framework is valid for five years from the date of publication
unless new information leads to an early revision requested by ADEME. Any revision will
provide an opportunity to discuss the methodological points to ensure that the most
appropriate recommendations are made for each category of products concerned.
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Annex 1

How to calculate environmental impacts by PV
system power or by effective surface area of the PV
field
This annex describes the method for calculating the environmental impacts of a PV system using:
 The nominal power (or peak power) of the PV system
 The effective surface area of the PV field (for product categories 1, 2.a and 3.a)
1. Calculating environmental impacts using the nominal power (or peak power) of the PV system
At the end of step 1 Generating the PV system impact factors (page 21), the impacts of the PV system over
its life cycle will be known.
The following equation [Equ. 5] must then be used to obtain the environmental impacts by PV system
power:
(

)

[Equ. 5]

The value ImpPV system (kWp) corresponds to the environmental impacts of the PV system by nominal power.
The value ImpPV system corresponds to the final result from Annex 2 calculations. This value is calculated for
each impact category.
The value Puisspeak corresponds to the PV system’s power in kWp.

2. Calculating environmental impacts by effective surface area of the PV field
This calculation by effective surface area of the PV field is only valid for product categories 1, 2.a and 3.a.
At the end of step 1 Generating the PV system impact factors (page 21); the impacts of the PV system over
its life cycle will be known.
The following equation [Equ. 6] must then be used to obtain the environmental impacts by effective
surface area of the PV field:
(

[Equ. 6]

)

The value ImpPV system (m²) corresponds to the environmental impacts of the PV system by effective surface
area of the PV field.
The value ImpPV system corresponds to the final result from Annex 2 calculations. This value is calculated for
each impact category.
The value Effecsurface corresponds to the total surface area in square metres (m2) of the entire integration
system (including the surface of neutral modules and zones) excluding any peripheral flashing (crossover
items between the building and the PV field).
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Annex 2

Calculating the impact factors of a PV system

PRODUCT CATEGORY 1
PV system above 0 kVA and below 36 kVA
Building-applied, building-integrated or roof-mounted

Breakdown of the PV system for product category 1:

PV system

PV
infrastructure

Construction
site

Maintenance

PV module

Installation

Module
cleaning

Inverter

Dismantling

Transport of
maintenance
staff

Mounting
structure

Electricity
connection
Figure 2 – System breakdown for product category 1
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Table 5 – Product category 1
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Table 5 – Product category 1 (continuation 1)

35

Table 5 – Product category 1 (continuation 2)
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Table 5 – Product category 1 (continuation 3)

37

PRODUCT CATEGORY 2.a
PV system strictly above 36 kVA and below 250 kVA
Building-applied, building-integrated or roof-mounted

Breakdown of the PV system for product category 2.a:
PV system

PV
infrastructure

Construction
site

Maintenance

PV module

Installation

Module
cleaning

Inverter

Dismantling

Transport of
maintenance
staff

Mounting
structure

Electricity
connection

Figure 3 – System breakdown for product category 2.a
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Table 6 – Product category 2.a

39

Table 6 – Product category 2.a (continuation 1)
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Table 6 – Product category 2.a (continuation 2)
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Table 6 – Product category 2.a (continuation 3)
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PRODUCT CATEGORY 2.b
PV system strictly above 36 kVA and below 250 kVA
Ground-mounted system

Breakdown of the PV system for product category 2.b:

PV system

PV
infrastructure

Ancilliary
infrastructure

Construction
site

Maintenance

PV module

Access road

Installation

Module
cleaning

Inverter

Technical
premises

Dismantling

Transport of
maintenance
staff

Mounting
structure

Fence

Surface
occupied

Electricity
connection
Figure 4 – System breakdown for product category 2.b
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Table 7 – Product category 2.b

44

Table 7 – Product category 2.b (continuation 1)

45

Table 7 – Product category 2.b (continuation 2)

46

Table 7 – Product category 2.b (continuation 3)
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PRODUCT CATEGORY 3.a
PV system strictly above 250 kVA
Building-applied, building-integrated or roof-mounted

Breakdown of the PV system for product category 3.a:

PV system

PV infrastructure

Construction site

Maintenance

PV module

Installation

Module
cleaning

Inverter

Dismantling

Transport of
maintenance
staff

Mounting
structure

Electricity
connection

Transformer

Figure 5 – System breakdown for product category 3.a
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Table 8 – Product category 3.a

49

Table 8 – Product category 3.a (continuation 1)

50

Table 8 – Product category 3.a (continuation 2)

51

Table 8 – Product category 3.a (continuation 3)
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PRODUCT CATEGORY 3.b
PV system strictly above 250 kVA
Ground-mounted system
Breakdown of the PV system for product category 3.b:

PV system

PV infrastructure

Ancilliary
infrastructure

Construction site

Maintenance

PV module

Access road

Installation

Module cleaning

Inverter

Technical
premises

Dismantling

Transport of
maintenance
staff

Mounting
structure

Fence

Surface occupied

Electricity
connection

Transformer

Figure 6 – System breakdown for product category 3.b
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Table 9 – Product category 3.b

54

Table 9 – Product category 3.b (continuation 1)

55

Table 9 – Product category 3.b (continuation 2)

56

Table 9 – Product category 3.b (continuation 3)
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Annex 3

Assessing average annual irradiation on the
installation site
This annex describes how to calculate the average annual irradiation on an installation surface (Irslope) for
those installations analysed using the methodological framework. The value obtained is to be used in
equation 3 [Equ. 3] for estimating the amount of energy produced by a PV installation over its entire life
cycle.
To obtain this value, take the following steps:
1. Go to the PVGIS website: http://re.jrc.ec.europa.eu/pvgis/;
2. Select the map of Europe in the area: “Interactive access to solar resource and photovoltaic
potential”;
3. Then enter the geographic location of the PV installation subject to the environmental assessment
into the blank text box above the map. The geographic location should be entered as latitude and
longitude coordinates, as shown in the example given above the blank text box. The required format
is: XX.XXX, XX.XXX;
4. Select the tab: “PV Estimation” at the top right of the page;
5. In the section “Performance of Grid-connected PV”, choose the following options:
a. Radiation database: Climate-SAF PVGIS PV technology: Unknown/Other
b. Installed peak PV power: 0 kWp
c. Estimated system losses: 0 %;
6. In the section “Fixed mounting options”, choose the following options:
a. Mounting position:
(Free-standing for categories 2b and 3b)
(Building-integrated for categories 1, 2a and 3a)
b. Slope9: installation tilt angle between 0° (horizontal) and 90° (vertical)
c. Azimuth: horizontal angle of the installation, where 0° is equivalent to due south.
Azimuth +90° corresponds to due west;
7. In the section “Tracking options”, do not tick anything;
8. In the section “Output options”, select PDF format;
9. Click on “Calculate”;
10. The resulting PDF should be kept as an appendix to include in the report. The value shown at the
bottom right corner of the table in the line “Total for year” should be used in equation 3; the unit is
kWh/m².

9

If the installation has several sections with different inclinations and orientations, then equation 2 should be calculated for each
of these sections in line with their respective peak powers. Therefore a Irslope value should be obtained for each one of these
sections.
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Annex 4

Deliverable of the study
General information
Name of company
Name and address of contact in company
Qualitative description of PV system
Product category
Nominal power (or peak power) of PV
system (kWp)
Date of publication (year/month)

Description of the study objectives
Intended use
Reasons for carrying out the study
Target audience
Study commissioned by

Study scope
Functional unit
Intended location of PV system (city,
state/province, country)
Impact categories and calculation methods

Evaluating PV output
Method for calculating PV potential output
PV potential output (kWh) and calculation
method (case 1 or case 2)
PV potential output on reference site
(kWh)
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Life Cycle Assessment results – On-site estimate
Impact category

Results

Unit

Climate change

kg CO2 eq. / kWh

Respiratory inorganics

kg PM 2.5 eq. / kWh

Resource depletion, water

m3 water eq. / kWh

Primary energy consumption, renewable

MJ / kWh

Primary energy consumption, non-renewable

MJ / kWh

Ozone depletion

kg CFC-11 eq. / kWh

Human toxicity, cancer effects

CTUh / kWh

Human toxicity, non-cancer effects

CTUh / kWh

Ionizing radiation, human health

kg U235 eq. / kWh

Ionising radiation, ecosystems

CTUe / kWh

Photochemical ozone formation

kg NMVOC eq. / kWh

Acidification

molc H+ eq. / kWh

Eutrophication, terrestrial

molc N eq. / kWh

Eutrophication, freshwater

kg P eq. / kWh

Eutrophication, marine

kg N eq. / kWh

Ecotoxicity, freshwater

CTUe/ kWh

Land use

kg C deficit / kWh

Resource depletion, mineral, fossil and renewable

kg Sb eq. / kWh

Life Cycle Assessment results – Reference site estimate
Impact category

Results

Unit

Climate change

kg CO2 eq. / kWh

Respiratory inorganics

kg PM 2.5 eq. / kWh

Resource depletion, water

m3 water eq. / kWh

Primary energy consumption, renewable

MJ / kWh

Primary energy consumption, non-renewable

MJ / kWh

Ozone depletion

kg CFC-11 eq. / kWh

Human toxicity, cancer effects

CTUh / kWh

Human toxicity, non-cancer effects

CTUh / kWh

Ionizing radiation, human health

kg U235 eq. / kWh

Ionising radiation, ecosystems

CTUe / kWh

Photochemical ozone formation

kg NMVOC eq. / kWh

Acidification

molc H+ eq. / kWh

Eutrophication, terrestrial

molc N eq. / kWh

Eutrophication, freshwater

kg P eq. / kWh

Eutrophication, marine

kg N eq. / kWh
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Ecotoxicity, freshwater

CTUe/ kWh

Land use

kg C deficit / kWh

Resource depletion, mineral, fossil and renewable

kg Sb eq. / kWh

Life Cycle Assessment results (by nominal power of the PV system) – optional
Impact category

Results

Unit

Climate change

kg CO2 eq. / kWp

Respiratory inorganics

kg PM 2.5 eq. / kWp

Resource depletion, water

m3 water eq. / kWp

Primary energy consumption, renewable

MJ / kWp

Primary energy consumption, non-renewable

MJ / kWp

Ozone depletion

kg CFC-11 eq. / kWp

Human toxicity, cancer effects

CTUh / kWp

Human toxicity, non-cancer effects

CTUh / kWp

Ionizing radiation, human health

kg U235 eq. / kWp

Ionising radiation, ecosystems

CTUe / kWp

Photochemical ozone formation

kg NMVOC eq. / kWp

Acidification

molc H+ eq. / kWp

Eutrophication, terrestrial

molc N eq. / kWp

Eutrophication, freshwater

kg P eq. / kWp

Eutrophication, marine

kg N eq. / kWp

Ecotoxicity, freshwater

CTUe/ kWp

Land use

kg C deficit / kWp

Resource depletion, mineral, fossil and renewable

kg Sb eq. / kWp

Result of Life Cycle Assessment (by effective surface area of the PV field) – optional
Impact category

Results

Unit

Climate change

kg CO2 eq. / m²

Respiratory inorganics

kg PM 2.5 eq. / m²

Resource depletion, water

m3 water eq. / m²

Primary energy consumption, renewable

MJ / m²

Primary energy consumption, non-renewable

MJ / m²

Ozone depletion

kg CFC-11 eq. / m²

Human toxicity, cancer effects

CTUh / m²

Human toxicity, non-cancer effects

CTUh / m²

Ionizing radiation, human health

kg U235 eq. / m²

Ionising radiation, ecosystems

CTUe / m²
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Photochemical ozone formation

kg NMVOC eq. / m²

Acidification

molc H+ eq. / m²

Eutrophication, terrestrial

molc N eq. / m²

Eutrophication, freshwater

kg P eq. / m²

Eutrophication, marine

kg N eq. / m²

Ecotoxicity, freshwater

CTUe/ m²

Land use

kg C deficit / m²

Resource depletion, mineral, fossil and renewable

kg Sb eq. / m²
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Annex 5

LCA of PV system component processes
This annex describes how to calculate the impact factors of the Life Cycle Inventories (LCIs) developed
with the aim of characterising the environmental impact of all the processes making up a PV system. All
LCA studies of PV system processes must be carried out in line with the standards ISO 14040 and 14044
(ISO, 2006). Any non-conformity to the ISO specifications, procedures and methodology must be clearly
stated in the study report. All LCA studies must be carried out by an LCA expert. The LCA report must be
made available to those bodies responsible for evaluating photovoltaic projects. These bodies shall
guarantee the confidentiality of the data. LCAs must be verified by an independent specialist.
The aim of carrying out an LCA of a PV system component is to allow users to include their own impact
factors in an attempt to improve the overall environmental performance of one or several PV
installations. When producing an LCA of a process, users can substitute the default impact factors
proposed in this methodological framework with their own impact factors. Any of the impact factors
may be substituted, whether conservative or non-conservative.
Rules on how to define the scope of an LCA of a component are specified below. For the impact factors
resulting from a new LCA to be allowed for use instead of the impact factors proposed in this
methodological framework, these rules must be adhered to.
Description of the scope of the study of PV system processes
The rules given in this section are valid for all PV system processes in the methodological framework.
A.1: Specificities of the photovoltaic industry
The following recommendations apply to all processes of a PV system:





The lifespan of components must be consistent with the lifespans specified in the
methodological framework. Refer to the methodological framework “System boundaries” section
(see page 13).
The functional unit must be consistent with the methodological framework’s reference flow unit.
The unit for each component is specified in Annex 2.
Multifunctionality is to be dealt with in accordance with the ILCD Handbook recommendations
(EC-JRC, 2010).

A.2: Specificities of the Life Cycle Inventory modelling
Here is an example of appropriate level of detail required for modelling a Life Cycle Inventory:






The electricity mix used must be that of the country of manufacture of the component and be
sourced from a disaggregated database. The year of the electricity mix used must be stated.
The end-of-life fate must be included in the system boundaries. Any recycling assumption must
be clearly stated.
The life cycle inventory databases must be transparent and disaggregated, i.e.:
o Any allocation must be clearly identified, and results before and after allocation must be
specified;
o Processes must clearly indicate the electricity mix on which they are based (geographical
area, year, source) and the related impacts must be identified;
o How co-products are treated must be clearly identified, and the influence of this allocation
on the total impact must be quantified.
If an allocation is necessary, the chosen allocation rule should follow the recommendations of
the ILCD Handbook (EC-JRC, 2010).
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A.3: Evaluation of life cycle impacts
The impact categories, characterisation models and units must be identical to those in the
methodological framework. All impact categories in the methodological framework should be analysed
(mandatory and optional). Refer to the “Impact category and calculation methods” section of the
framework.
A.4: Verification and validation of the study
Verification and validation of LCA studies are outside the scope of the methodological framework’s
objective.
LCA studies are required to be as transparent as possible. When communicating LCA results, the ISO
standards ISO 14040 and 14044 should be strictly adhered to, especially Section 6 “Reporting” of ISO
14040 (ISO, 2006b) and Section 5 “Reporting” of ISO 14044 (ISO, 2006c).
Example of the level of detail for PV modules using single-crystal silicon (mono-Si) or polycrystalline
silicon (multi-Si) technology. A similar level of detail shall be applied to the other components of a PV
system.
Most of the environmental impacts of monocrystalline or polycrystalline modules result from
“background system” emissions, i.e. all those processes that manufacturers cannot influence directly
(e.g. the electricity mix or materials like aluminium, plastics or steel). The “foreground” system includes
all the processes controlled by manufacturers and installers.
Different manufacturers of PV modules have direct control over the PV value chain to differing extents.
For instance, silicon purification can be carried out by a PV module manufacturers or pure silicon may be
purchased from market suppliers. In the former case, silicon purification is a "foreground process", in
the latter case, silicon purification is part of the “background” system, for which processes are not
specific to the manufacturer.
A distinction can be made between how the “background” and “foreground” systems contribute to the
system boundaries and to the results of the LCA of modules. The “background” manufacturing stages
must be distinct from the “foreground” ones. Thus, the use of non-specific processes is clearly
identifiable. The PV module recycling scenarii will be clearly stated and integrated into the “foreground”
system.
If the assembly of PV modules is a foreground process, then the details to be specified are:
 The place of manufacture of the modules and the electricity mix used to manufacture the PV
module (assembly of cells).
 The nature of the solar glass used: thickness, lead content.
 The type of PV module frame (if any): nature of the material.
If the PV cell manufacture is a foreground process, then the details to be specified are:
 The place of manufacture of the cells and the electricity mix used to manufacture them.
 The rate of wafer loss during cell manufacture.
 The metallisation technology.
If the wafer manufacture is a foreground process, then the details to be specified are:
 The place of manufacture of the wafers and the electricity mix used to manufacture them.
 The thickness of the wafers.
If the purification of silicon ingots is a foreground process, then the details to be specified are:
 The location and procedure for the silicon purification and the electricity mix used.
 The purification procedure for the silicon ingot.
 The proportion of silicon of solar quality and the proportion of silicon of electronic quality before
manufacture of the ingot.
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Annex 6

Practical example of the methodological framework
Example of how to calculate the impact factors of a system with a maximum power of 200 kVA in the
Climate Change impact category.
This example gives details of how to calculate the impacts on climate change of a PV system of a given
power. A certain amount of data (reference value and impact factor) is provided by users of the
methodological framework and can be substituted for the data proposed in the framework.
User-provided data:
 Reason for the study: Response to a public call for tender to purchase electricity
 Nominal power of the PV system: 200 kWc
 Building-applied PV system
 Module technology: single-crystal silicon
 Total surface area of modules: 1,538 m²
 Inverter installed power: 180 kVA
 Impact factor of the module (by kWp): 2.97E+03 kg CO2 eq. (pre-calculated using Annex 5 of the
methodological framework)
 Estimated PV potential output: 257,000 kWh
Colour code:
X: Impact factor calculated by user
X: Impact factor proposed in Annex 2
X: Reference value proposed in Annex 2
X: Reference value calculated by user
Step 1: Generating the PV system’s impact factors
The PV system’s nominal power is 200 kWc installed on a building. Table 2 – Product categories covered
by the methodological framework – shows which product categories to choose from: product category
2.a.
To calculate the impact factors of the PV system components, refer to the section corresponding to
product category 2.a in Annex 2. This section provides a number of equations for calculating the impact
factors.
Infrastructure impact factor calculation:
FIInfrastructure = ImpactPV module+ ImpactInverter + ImpactSupport + ImpactElectric connection
FIInfrastructure = 2.97E+03 x 200 + (5.40E+01 x 180 + 1.41E+02) + 5.78E+01 x 1538 + 7.01E+01 x 200
FIInfrastructure = 7.07E+05 kg CO2 equ.
Construction site impact factor calculation:
FIWorksite = ImpactInstallation + ImpactDismantling
FIWorksite = 3.58E-02 x 200 + 3.58E-02 x 200
FIWorksite = 1.43E+01 kg CO2 equ.
Maintenance impact factor calculation:
FIMaintenance= ImpactModule cleaning + ImpactMaintenance agent transportation
FIMaintenance = 9.52E-03 x 1538 + 2.83E-01 x 400 x 30
FIMaintenance = 3.41E+03 kg CO2 equ.
PV system impact factor calculation:
FIPV system = ImpactPV infrastructure + ImpactWorksite + ImpactMaintenance
FIPV system = 7.07E+05 + 1.43E+01 + 3.41E+03
FIPV system = 7.07E+05 kg CO2 equ.
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Step 2: Evaluating the PV potential output
Step 2 requires calculation of two versions of the PV potential output:
On-site evaluation:
Users respond to a public call for tender to purchase electricity and case no. 1 is considered.
To estimate the PV potential produced over the life cycle of the PV system being evaluated on site in case
no. 1, the methodological framework equation 2 [Equ. 2] is used with an annual potential output of
257,000 kWh.
The resulting PV potential output is: ETotal = 6,927,435 kWh
Reference site evaluation:
To estimate the electricity produced over the life cycle of the PV system being evaluated in reference site,
equation 3 [Equ. 3] from the methodological framework is used.
The PV potential obtained is: ETotal = 5,822,280 kWh

Step 3: Compiling the results
After calculating the PV system’s impact factors and evaluating the PV potential output over its life cycle,
equation 4 [Equ. 4] is used to evaluate (1) the environmental impacts of the PV system related to the
methodological framework’s functional unit and (2) the PV system’s reference environmental impacts:
(1) ImpactFU onsite = 102 g CO2 eq. / kWh estimated on site
(2) ImpactFU offsite= 121 g CO2 eq. / kWh estimated on reference site

These two results are transferred into Annex 4 of the methodological framework under the Climate
Change impact category. Similar calculations should be carried out for all the impact categories mandated
by the methodological framework.
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Annex 7

Calculating reference values for PV systems with a
nominal power above 12 MW for product category
3.b
For product category 3.b – ground-mounted PV systems – the conservative reference values in Annex 2
have been calculated based on 12 MW photovoltaic installations. They are therefore valid for any “12
MW-equivalent section” of the photovoltaic installation being analysed. Thus for installations > 250 kVA
to ≤ 12 MW, the reference values for a 12 MW section should be used (reference values at 12 MW).
For more powerful installations (above 12 MW), the reference values in Annex 2 should be recalculated:
 For installations > 12 MW and ≤ 24 MW, reference values equivalent to two 12 MW sections
should be used (reference values at 12 MW * 2),
 For installations > 24 MW and ≤ 36 MW, reference values equivalent to three 12 MW sections
should be used (reference values at 12 MW * 3),
 For installations > 36 MW and ≤ 48 MW, reference values equivalent to four 12 MW sections
should be used (reference values at 12 MW * 4).
For example, for a 17 MW installation (> 12 MW and ≤ 24 MW), values equivalent to two 12 MW sections
should be used, i.e.:
Table 10 – Example of reference value

Size

Reference value for the
1st section

Multiplicative
coefficient of the
2nd section

Reference value for the 2nd
section

Peak power

12 MWp

2

24 MWp

Total inverter power

14.4 MVA

2

28.8 MVA

92308 m² in mono-Si

2

184616 m² in mono-Si

109091 m² in multi-Si

2

218182 m² in multi-Si

240000 m² in a-Si

2

480000 m² in a-Si

171429 m² in CdTe

2

342858 m² in CdTe

150000 m² in CIS

2

300000 m² in CIS

10 km

2

20 km

2546 m in mono-Si

2

5092 m in mono-Si

2767 m in multi-Si

2

5534 m in multi-Si

4105 m in a-Si

2

8210 m in a-Si

3469 m in CdTe

2

6938 m in CdTe

3245 m in CIS

2

6490 m in CIS

3118 m in mono-Si

2

6236 m in mono-Si

3389 m in multi-Si

2

6778 m in multi-Si

5027 m in a-Si

2

10054 m in a-Si

Module surface area

Length of road

Fixed
sheds
Length of
fencing

1-axis
tracking
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2- axis
tracking

Fixed
sheds

Central
surface
area on the
ground

1-axis
tracker

2- axis
tracker

Annual distance

4249 m in CdTe

2

8498 m in CdTe

3974 m in CIS

2

7948 m in CIS

3600 m in mono-Si

2

7200 m in mono-Si

3914 m in multi-Si

2

7828 m in multi-Si

5805 m in a-Si

2

11610 m in a-Si

4906 m in CdTe

2

9812 m in CdTe

4589 m in CIS

2

9178 m in CIS

360000 m² in mono-Si

2

720000 m² in mono-Si

425455 m² in multi-Si

2

850910 m² in multi-Si

936000 m² in a-Si

2

1872000 m² in a-Si

668571 m² in CdTe

2

1337142 m² in CdTe

585000 m² in CIS

2

1170000 m² in CIS

540000 m² in mono-Si

2

1080000 m² in mono-Si

638182 m² in multi-Si

2

1276364 m² in multi-Si

1404000 m² in a-Si

2

2808000 m² in a-Si

1002857 m² in CdTe

2

2005714 m² in CdTe

877500 m² in CIS

2

1755000 m² in CIS

720000 m² in mono-Si

2

1440000 m² in mono-Si

850909 m² in multi-Si

2

1701818 m² in multi-Si

1872000 m² in a-Si

2

3744000 m² in a-Si

1337143 m² in CdTe

2

2674286 m² in CdTe

1170000 m² in CIS

2

2340000 m² in CIS

2000 km

2

4000 km
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