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Executive Summary

Context

The European Reference Life-Cycle Database (ELCD) has been developed by the
European Commission’s Joint Research Centre (DG JRC) and provides core Life Cycle
Inventory (LCI) data from front-running EU-level business associations and, where not
available, other sources. Within the ELCD, several energy-related data are provided,
being energy a major input for almost all the environmental analyses of products or
processes. This study presents a comprehensive analysis of LCl and other potential
sources to be used as data providers, in order to assure the quality of the ELCD.
Therefore, an analysis of the quality of energy data for European markets that are
available in 3rd party life cycle databases and from authoritative sources that are, or
could be, used to improve the ELCD has been carried out.

This work has been carried out by the Energy Systems Analysis (ASE) Unit of CIEMAT
(Public Research Centre for Energy, Environment and Technology, Madrid, Spain),
through a service contract (Service Contract Number 387533) awarded by the
European Commission - Joint Research Centre - Institute for Environment and
Sustainability (Tender Number IES/H/2011/01/13/NC).

Methods

The work consisted of an analysis and a comparison of energy datasets from several
relevant databases (i.e. Ecoinvent!, E3?, and GEMIS?). The ELCD database has been
considered as the basis for this analysis in order to figure out the possibilities for
improvement of the ELCD overall data quality.

The analysis was carried in two main phases: i) the selection of datasets, databases
and quality standards (aimed at providing a justified list of datasets and databases to
be considered in the subsequent analysis); ii) Analysis and qualitative comparison of
the datasets (including a previous detailed study of the ELCD database as a basis for
the comparison with other databases, according to the previously defined quality
standards, in order to derive findings and recommendations for the potential
improvements of ELCD energy data).

The methodological report, explaining the framework and the methods applied for the
analysis has been disclosed with a large panel of relevant stakeholders, in order to
collect feedbacks on the proposed approach (see annex 2).

The current ELCD energy datasets have been to a large extent originated from the
GaBi* database. Therefore, in order to analyse background information of the ELCD
datasets, GaBi datasets from the last updated version (at the time when the study
was initiated, i.e. 2009) have been analysed.

The main criteria for the other database selection were based on the availability of
EU-related data, the inclusion of wide datasets on energy products and services

! http://www.ecoinvent.ch/

2 http://www.e3database.com/

® http://www.gemis.de/en/index.htm
* http://www.gabi-software.com
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(specially focusing on those matching the chosen energy patterns), and the broad
acceptance by the scientific community.

24 energy datasets were chosen for the analysis with the aim of selecting a
sufficiently representative sample of energy sources in the European context.

The evaluation has been based on the quality indicators developed within the ILCD
handbook (EC-JRC-IES 2010a, 2010b, 2011): Technological representativeness,
Geographical representativeness, Time-related representativeness, Completeness,
Precision / Uncertainty, and Methodological appropriateness and consistency. These
quality indicators have been refined in order to appropriately identify key aspects that
are involved in both quality and methodological aspects of energy related LCI
datasets. This refinement facilitates their use in the analysis of energy systems.

The quality of each dataset has been estimated for each indicator and then,
compared among the different databases. The conclusions obtained in this analysis
cannot be extrapolated to other type of datasets, nor can be used to compare
databases among them.

Results

Results have shown that, in general terms the ELCD dataset analysed showed a very
good performance in many of the identified quality criteria and especially in those
related to technology representativeness, methodology and Completeness.

From the deep analysis conducted, it must be highlighted that the ELCD datasets
have been modelled based on an extensive review of the most relevant literature and
statistics. The documentation used to model the ELCD energy related datasets can be
found in the Life Cycle Thinking Platform web-site®. ELCD datasets showed the best
quality rating (meaning that the other databases ranked almost at the same level or
lower) in the majority of the considered technologies. Some exceptions were found in
the datasets of electricity from nuclear power, in which TiR and M criteria score worse
than other databases, and PV dataset where M criterion also performs worse than in
other databases.

Several aspects where improvements are considered necessary are highlighted
through the analysis. For example, sources of data and information coming from
authoritative sources, business associations or other sources are identified and
proposed to be used (e.g. using also Eurostat data, where available, instead of only
those from IEA, already used for the ELCD datasets).

One of the most relevant improvement opportunity of the ELCD is the lack of some
datasets that model electricity produced by each technology in each European
country. Currently, the ELCD includes electricity mix datasets for each country,
modelled considering an established share of sources that might be different to the
needs of the user.

Although the optimal solution to this limitation would be to model new datasets for
electricity production by technology and for each country, this might not be feasible
for the short term. An alternative solution would be to model datasets for each

% http://lct.jrc.ec.europa.eu/



technology under a European context, and to introduce parameters in the electricity
mix datasets to vary the shares of each technology.

In order to give response to any change or advance in technologies, and to be able to
model new datasets and/or to modify the current ones if necessary, it is highly
recommended to constantly review the evolution of advanced technologies and their
share in the European market..

Business associations and other authoritative sources are considered relevant sources
to update the status of these technologies. Along this study relevant sources have
been identified.

Recommendations

The future versions of the ELCD should include new datasets for electricity production
by technology and by country. Also, future electricity scenarios can be developed
using to that end the output from reference energy models, developed by the
European Commission at different levels, such as PRIMES® or TIMES’. This is an
important improvement of the database that could be very useful for prospective and
consequential LCA studies.

Modelling the end of life of the energy systems appears to be a difficult task due to
the novelty of some technologies and the lack of data from other technologies (solar
PV, final repository for spent nuclear fuel and natural gas plant dismantling). Efforts
on this challenge should be kept in the future.

Finally, deep analyses of the state of the art of different technologies are
recommended, aimed to identify the level of maturity for each energy pattern, in
order to better plan the periodical revision of each type of dataset.

® http://ec.europa.eu/environment/air/pollutants/models/primes.htm
" http://ipts.jrc.ec.europa.eu/activities/energy-and-transport/ TIMES.cfm



Disclaimer

The present report is not aiming to compare the overall quality of existing commercial
databases, but just to point out the possible strengths of third party databases, as
regards the data quality rating (DQR), in order to improve the quality of datasets
included in the ELCD database®. It must be pointed out that the DQR evaluation has
been carried out against the ILCD Handbook?® criteria, on this perspective, the overall
ranking of third party databases that are produced according to different approaches,
is of course lower compared to the other. However, even assumed the different
framework, some strong points in terms of data quality can be highlighted, and
followed as example for the improvement of the ELCD database.
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A stakeholder’s panel review was arranged in order to check and review the quality of
the methodological report and the final findings and recommendations of study itself.
This stakeholder panel was planned to be made up of members of analysed
databases and members of the utilities/petrol/electricity industry associations. See
annex 2 for an extended list of the stakeholders involved.
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1. Introduction

1.1. Background

In the Integrated Product Policy Communication of 2003 (COM 2003), the European
Commission recognised Life Cycle Assessment (LCA) as “the best framework for
assessing the potential environmental impacts of products”. Since then, life cycle
approaches were further strengthened in EU policies through the Sustainable
Production and Consumption / Sustainable Industry Policy Action Plan
Communications that encompass various policies (e.g. Eco-design for Energy-related
Products Directive, Footprint initiative, etc.). Within this context, there is an urgent
“‘need to improve data availability and quality worldwide by internationally
cooperating on LCA data and methods”.

The European Platform of Life Cycle Assessment (EPLCA), a project initiated by the
Institute for Environment and Sustainability (IES), has the objective to promote Life
Cycle Thinking (LCT) and to provide appropriate support to business and to public
administrations within the European Union (EU), as well as in close coordination with
international activities. This support is essential, and is being achieved through the
development of a number of different deliverables. These include the European
Reference Life Cycle Database (ELCD), that provides core Life Cycle Inventory (LCl)
data from front-running EU-level business associations and, where not available,
other sources. Within the ELCD, several energy-related data are provided, being
energy a major input for almost all the environmental analyses of products or
processes.

1.2, FLCD database

Since its first release in 2006, the ELCD comprises LCI data from front-running EU-
level business associations and other sources for key materials, energy carriers,
transport, and waste management. The respective datasets are officially provided and
approved by the named industry association.

The target users of ELCD datasets are experts/practitioners in LCA. The datasets are
accessible free of charge and without access or use restrictions for all LCA
practitioners. ELCD includes datasets that have not been published beforehand and
datasets that were only collected for this purpose. They are foreseen to contribute
key European data to the upcoming international ILCD Data Network and in
complementation of other data sources, i.e. not in competition.

More info is provided at: http:/lca.jrc.ec.europa.eu/lcainfohub/datasetArea.vm, and
http://elcd.jrc.ec.europa.eu.

Energy datasets

ELCD datasets are normally provided and approved by the named industry
association; some datasets are still under preparation and will be added
subsequently. This is not the case of energy-related datasets that have been
developed on demand for the ELCD database. Table 1 provides the list of energy
datasets included in the ELCD database from JRC (December 2011).


http://lca.jrc.ec.europa.eu/lcainfohub/datasetArea.vm
http://elcd.jrc.ec.europa.eu/

Table 1: List of energy datasets of ELCD database.

Category Location Name of LCl process
Electricity AT Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
AT Electricity Mix AC; consumption mix, at consumer; 230V
BE Electricity Mix AC; consumption mix, at consumer; 230V
BE Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
BG Electricity Mix AC; consumption mix, at consumer; 230V
BG Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
CH Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
CH Electricity Mix AC; consumption mix, at consumer; 230V
cY Electricity Mix AC; consumption mix, at consumer; 240V
(&% Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
cz Electricity Mix AC; consumption mix, at consumer; 220V
cz Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
DE Electricity Mix AC; consumption mix, at consumer; 230V
DE Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
DK Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
DK Electricity Mix AC; consumption mix, at consumer; 230V
EE Electricity Mix AC; consumption mix, at consumer; 220V
EE Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
ES Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
ES Electricity Mix AC; consumption mix, at consumer; 115-220V
EU-27 Electricity Mix AC; consumption mix, at consumer; < 1kV
EU-27 Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
Fl Electricity Mix AC; consumption mix, at consumer; 230V
FI Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
FR Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
FR Electricity Mix AC; consumption mix, at consumer; 230V
GB Electricity Mix AC; consumption mix, at consumer; 230-240V
GB Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
GR Electricity Mix AC; consumption mix, at consumer; 220V
GR Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
HU Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
HU Electricity Mix AC; consumption mix, at consumer; 220V
IE Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
IE Electricity Mix AC; consumption mix, at consumer; 220V
IS Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
IS Electricity Mix AC; consumption mix, at consumer; 230V
IT Electricity Mix AC; consumption mix, at consumer; 125-220V
IT Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
LT Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
LT Electricity Mix AC; consumption mix, at consumer; 220V
LU Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
LU Electricity Mix AC; consumption mix, at consumer; 230V
LV Electricity Mix AC; consumption mix, at consumer; 220V
LV Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
MT Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
MT Electricity Mix AC; consumption mix, at consumer; 240V
NL Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
NL Electricity Mix AC; consumption mix, at consumer; 230V
NO Electricity Mix AC; consumption mix, at consumer; 230V
NO Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
PL Electricity Mix AC; consumption mix, at consumer; 220V
PL Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
PT Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
PT Electricity Mix AC; consumption mix, at consumer; 230V
RO Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
RO Electricity Mix AC; consumption mix, at consumer; 230V
SE Electricity Mix AC; consumption mix, at consumer; 230V
SE Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
Sl Electricity Mix AC; consumption mix, at consumer; 220V
Sl Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
SK Electricity Mix AC; consumption mix, at consumer; 1kV - 60kV
SK Electricity Mix AC; consumption mix, at consumer; 220V
RER Electricity from hydroelectric power plants AC; production mix, at power plant; < 1kV
RER Electricity from wind power AC; production mix, at power plant; < 1kV
Crude oil EU-15 Diesel; from crude oil; consumption mix, at refinery; 200 ppm sulphur
based fuels EU-15 Gasoline (regular); from crude oil; consumption mix, at refinery; 100 ppm sulphur
EU-15 Heavy fuel oil; from crude oil; consumption mix, at refinery
EU-15 Kerosene; from crude oil; consumption mix, at refinery; 700 ppm sulphur
EU-15 Light fuel oil; from crude oil; consumption mix, at refinery; 2000 ppm sulphur
Natural gas Natural Gas; from onshore and offshore production incl. pipeline and LNG transport;
EU-27 . . ’
based fuels consumption mix, at consumer; desulphurised




The latest ELCD includes one dataset of European average electricity mix as well as
electricity mix datasets from each EU-27 country. However, the unit processes used
to build the datasets cannot be broken down into technologies. This limitation had to
be solved, since the final objective of the study is to analyse the quality of the
different energy datasets selected, focusing on the underlying models and data used.

GaBi database

Created by PE International, GaBi LCA database is one of the most used LCA
databases on the market today and contains over 4,500 ready-to-use Life Cycle
Inventory profiles based on primary industry data. It contains electricity-related
datasets by EU-27 countries and mixes. They are classified by sources, such as
electricity from hard coal, from nuclear power, from natural gas, etc. More
information can be found at: http://www.gabi-software.com.

The current electricity mix datasets by country from the ELCD database have been
originated from the GaBi database. Taking into account the above mentioned
limitation, the use of specific datasets from GaBi for conducting the analysis seemed
to be essential. Whenever ELCD database did not provide the required datasets, GaBi
datasets from the last updated version were analysed. It must be noticed that GaBi
provides these datasets for each EU-27 country, but does not include datasets for
each technology referring to the European context!?, i.e. electricity production from
hard coal, European Mix. As a first approximation, in order to take into account the
European energy market, the datasets by country were chosen from GaBi database
considering only those countries that sum up 60%?*! of the electricity produced in
Europe for each technology. Hereinafter, the nomenclature of ELCD energy datasets
will refer to GaBi datasets.

1.3 Objective

The objective of this study is the identification of areas of potential improvement of
the ELCD energy datasets quality. This study presents a complete analysis of LCl and
other potential sources to be used as data providers, in order to assure the quality of
the ELCD. So that, an analysis of the quality of energy data for European markets
that are available in third party life cycle databases and from authoritative sources
that are, or could be, used in the context of the ELCD, has been provided. The work
has been carried out by the Energy Systems Analysis (ASE) Unit of CIEMAT (Public
Research Centre for Energy, Environment and Technology) (Madrid, Spain). It has
consisted of an analysis and a comparison of energy datasets from different
databases, considering the ELCD database as the basis for this analysis.

The other databases that have been analysed are the following:

- Ecoinvent database (http://www.ecoinvent.ch/).

- GEMIS database (http://www.gemis.de/en/index.htm).

- E3 database (http://www.e3database.com/).

1% These datasets are available in the developer’s internal database (PE International), but so far not in the commercially
available databases.

" value decided by the authors and agreed with JRC-IES members based on the expert judgement of the unit staff and
considering that it will be representative enough for the European energy market.
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This effort has been carried out in two stages, which are summarized below:

e Selection of datasets, databases and quality standards. This part aimed at
providing a justified list of datasets and databases (and other sources) to
consider in the subsequent analysis. Moreover, justified criteria and quality
standards list have been clearly defined in order to be used in the analytical
comparison.

e Analysis and qualitative comparison of the datasets. This section comprised
several actions. Firstly, a previous detailed study of the ELCD database was
carried out. Considering ELCD database as a basis for the comparison, each
selected energy dataset was analysed according to the previously defined
quality standards. Finally, findings and recommendations were derived in order
to identify the potential improvements of ELCD energy database.

11



2. Methodology

2.1. Selection of energy datasets

The following aspects were considered, in order to select representative energy
datasets:

e Related to electricity: The selected samples must represent a significant share
(such as 40 to 60%) of the EU-27 electricity market and associated
technology mixes/geographic origins.

e Related to fuels: The selection must include at least four representative crude
oil datasets and one natural gas dataset.

e Other considerations support the inclusion of some minority energy sources
such as some renewable sources whose contribution to the European energy
mix has prospects to be more important in the future.

In order to select the sample of datasets, the most updated data in terms of
electricity and fuels in the EU-27 context were deeply analysed.

Regarding electricity, and according to European statistics (Eurostat, EC-MOE 2011),
the sources that contribute the most to electricity generation in 2011 were the
following: Nuclear (279%), Coal (26%), Gas (23%), Hydro (13%) and Wind (4%). Other
renewable energy sources have lower contribution to electricity generation in EU-27,
such as biomass and waste, and solar energy (3% and 0.68%, respectively). However,
due to their foreseen potentials, their contribution is expected to increase in the
future. So, the electricity from these sources was considered for the analysis. An
electricity mix for EU-27 was also taken into account.

Based on the statistics from European refineries studies (EC-MOE 2011) the main
petroleum products produced in Europe were the following: Diesel (represents more
than 37% of the refineries output), Gasoline (represents more than 20%), Residual
fuel oil (represents more than 159%) and Kerosene (represents more than 6%). Due to
their relevance in the share of fuel production, these products were considered for the
analysis.

Additionally, an analysis of the gross heat generation in the EU-27 (Eurostat) pointed
out the relevance of the natural gas as fuel, being its contribution to the heat
generation around 44%. Based on this, Natural Gas was also considered as a selected
dataset.

Finally, biofuels production has significantly increased during the last decade due to a
favourable framework and the support of several policies. The contribution of Europe
to biofuels production is expected to increase due to its high objectives. However, a
substantial share of biofuels used in Europe is based on imported feedstock.
Rapeseed oil seems to be one of the raw materials expected to contribute the most in
the share of biodiesel. So, in order to cover this potential fuel in the analysis, biodiesel
from rapeseed oil or Rapeseed Methyl Ester (RME) were also included.

In order to identify those countries that sum up more than 60% of the electricity
produced in Europe by technology, data of electricity production by sources from
Eurostat (access April 2012, data from 2010) were collected and analysed:

12



Electricity from hard coal: The most relevant countries are Germany (23%),

United Kingdom (21%) and Poland (20%).
Electricity from lignite: Germany (41%), Czech Republic (149%), Poland (149%)

and Greece (9%) are the main contributors

Electricity from natural gas: The main contributors are United Kingdom (20%),

Italy (20%), Germany (139%) and Spain (10%).

Electricity from nuclear power is mainly produced by France (47%) and
Germany (159%).

The following table shows the 24 chosen datasets as the base for the comparison
with other datasets and other potential sources.

Table 2: List of the selected energy datasets as basis for comparison.
Category Location Name of LCI process
Electricity Mix EU-27 Electricity grid mix (1kV - 60kV)
Coal DE DE: Electricity from hard coal (1kV - 60kV)
GB GB: Electricity from hard coal (1kV - 60kV)
PL PL: Electricity from hard coal (1kV - 60kV)
Lignite DE DE: Electricity from lignite (1kV - 60kV)
GR GR: Electricity from lignite (1kV - 60kV)
PL PL: Electricity from lignite (1kV - 60kV)
CZ CZ: Electricity from lignite (1kV - 60kV)
Natural gas GB GB: Electricity from natural gas (1kV - 60kV)
IT IT: Electricity from natural gas (1kV - 60kV)
DE DE: Electricity from natural gas (1kV - 60kV)
ES ES: Electricity from natural gas (1kV - 60kV)
Nuclear FR FR: Electricity from nuclear (1kV - 60kV)
DE DE: Electricity from nuclear (1kV - 60kV)
Hydro EU-27 Electricity from hydro power (1kV - 60kV)
Wind RER Electricity from wind power (1kV - 60kV)
Biomass DE DE: Electricity from biomass (solid) (1kV - 60kV)
Solar DE DE: Electricity from photovoltaic (1LkV - 60kV)
Crude oil and EU-27 Diesel mix at refinery
natural gas based fuels EU-27 Gasoline mix (regular) at refinery
EU-27 Heavy fuel oil at refinery (1.0wt. % S)
EU-27 Kerosene/Jet Al at refinery
EU-27 Natural gas mix
Biofuels DE DE: Rapeseed Methyl Ester (RME)

Regarding the selection of databases, EPLCA has provided a list of databases
currently available (http://Ilca.jrc.eceuropa.eu/lcainfohub/databaselListvm) in the

market

Considering the intended application of this study, three databases have been
selected to be compared to the ELCD database. They have been selected based on
three main criteria: i) they include data related to Europe, ii) they include large data

related

to energy products and services, and iii) they are well recognised in the

scientific community. The selected databases have been the following:

Ecoinvent v2.2 (http://www.ecoinvent.ch/), which contains international
industrial LClI data on energy supply, resource extraction, material supply,
chemicals, metals, agriculture, waste management services, and transport
services developed by the Ecoinvent Centre. It is probably one of the most
used databases by the European LCA community. The consistent energy LCl
data include electricity mixes (electricity mixes of 25 European countries, incl.
trade, transport and distribution on high, medium and low voltage), power
plants (power plants based on hard coal, lignite, peat, fuel oil, natural gas,

13
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industrial gas, nuclear energy, hydro, wind, solar, etc.), and fuel and heat
supply (supply of hard coal, lignite, light and heavy fuel oil, petrol, diesel,
kerosene, LPG, natural gas, wood, etc.).

= GEMIS 4.7 (http://www.gemis.de/en/index.htm), a free LCA software and
database for energy, material, and transport systems. The LCI database offers
information on fossil fuels (hard coal, lignite, natural gas, and oil), renewables,
nuclear, biomass (residuals, and wood from short-rotation forestry,
miscanthus, rape oil, etc.), hydrogen (including fuel composition, and upstream
data) and processes for electricity and heat (various power plants, co-
generators, fuel cells, etc.).

= E3 database (http://www.e3database.com/), which has been developed in the
context of LCA and Well-to-Wheel Analyses, allows the modelling and
comparison of all types of energy chains/pathways from primary energy
source to final energy use. It is frequently used for modelling fuel pathways
for transport systems with primary energy sources based on fossil energies,
biomass, nuclear or renewable electricity. It has been used in the project and
deliverables reported by CONCAWE, EUCAR, and JRC: ‘Well-to-Wheels Analysis
of Future Automotive Fuels and Powertrains in the European Context’.

Considering theses databases and the availability of dataset, the following table
presents the list of datasets to be analysed and compared.
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Table 3: Datasets to be assessed by database.

ELCD (GaBi)

Ecoinvent

GEMIS

E3

EU-27: Electricity grid mix 1kV - 60kV

Electricity, medium voltage,
production RER, at grid/RER

El-generation-mix-EU-
27-2010 (PRIMES)

Electricity / Electricity-Mix-
EU (10-20 kV-level)

DE: Electricity from hard coal

Electricity, hard coal, at power
plant/DE

Coal-ST-DE-import-
2005

Coal-ST-DE-2005

Power Station / Hard Coal
/| ST/ Germany

GB: Electricity from hard coal

Coal-ST-UK-2005

PL: Electricity from hard coal

Electricity, hard coal, at power
plant/PL

Coal-ST-PL-2005

DE: Electricity from lignite

Electricity, lignite, at power
plant/DE

Lignite-ST-DE-2005
Rhine

Power Station / Lignite ST
/ Rhine GER

Lignite-ST-DE-2005
Lausitz

Power Station / Lignite ST
| Lausitz GER

Power Station / Lignite ST
CHP / Leipzig

GR: Electricity from lignite

Electricity, lignite, at power
plant/GR

Lignite-ST-GR-2010

PL: Electricity from lignite

Electricity, lignite, at power
plant/PL

Lignite-ST-PL-2010

CZ: Electricity from lignite

Electricity, lignite, at power
plant/CZ

Lignite-ST-CZ-HU
4x200 2005

GB: Electricity from natural gas

Electricity, natural gas, at power
plant/GB

Gas-CC-UK-2010

IT: Electricity from natural gas

Electricity, natural gas, at power
plant/IT

Gas-CC-IT-2010

DE: Electricity from natural gas

Electricity, natural gas, at power
plant/DE

Gas-CC-DE-2010

Power Station / NG / CCGT

ES: Electricity from natural gas

Electricity, natural gas, at power
plant/ES

Gas-CC-ES-2010

FR: Electricity from nuclear

Electricity, nuclear, at power
plant/FR

Nucler-powerplant-
PWR-FR-2000

Nucler-powerplant-
PWR-FR-2010 (EPR)

Power Station / Nuclear
(DWR-F)

DE: Electricity from nuclear

Electricity, nuclear, at power
plant/DE

Nucler-powerplant-
PWR-DE-2005

Power Station / Nuclear /
PWR-GER

EU-27: Electricity from hydro power

Electricity, hydropower, at run-of-
river power plant/RER

Electricity, hydropower, at
reservoir power plant/RER

Hydro-dam-big-generic

RER: Electricity from wind power

Electricity, at wind power
plant/RER

Windfarm-big-generic

Power Station / Wind / on-
shore / Enercon E-66 /
20.70 (Germany)

Power Station / Wind / off-
shore / Horns Rev

DE: Electricity from biomass (solid)

Biomass-ST-EU-2010

Power Station / Biomass /
ST CHP / Pfaffenhofen

DE: Electricity from photovoltaic

Electricity, production mix
photovoltaic, at plant/DE

Solar-PV-mon-framed-
with-rack-DE-2010

Solar-PV-multi-framed-
with-rack-DE-2010

Power Station /
Photovoltaic / multi
crystalline (390 kWh)

EU-27: Diesel mix at refinery

Diesel, at refinery/RER

Refinery\Diesel-generic

Diesel-2010/Crude oil
refinery

EU-27: Gasoline mix (regular) at refinery

Petrol, low-sulphur, at refinery/RER

Refinery\Gasoline-
generic

Gasoline-2010/Crude oil
refinery

EU-27: Heavy fuel oil at refinery (1.0wt.

% S)

Heavy fuel oil, at refinery/RER

Refinery\Qil products-
generic

Fuel oil /Heavy/Provision

EU-27: Kerosene/Jet Al at refinery

Kerosene, at refinery, RER

Refinery\Kerosene (int)

EU-27: Natural gas mix

Natural gas, at long distance
pipeline, RER

Gas-mix-EU 2005

NG / Extraction +
processing

DE: Rapeseed Methyl Ester (RME)

Rape methyl ester, at
esterification plant/RER

Refinery\Rapeseed oil-
ME-iLUC (50%) (arable)

FAME/Plant
oil/Esterification
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2.2. Quality criteria indicators

The evaluation has been based on the quality indicators developed within the ILCD
handbook (EC-JRC-IES 20104, 2010b, 2011). These are the following:

Technological representativeness (TeR): Defines the degree to which the
datasets reflect the true population of interest regarding technology, including
for included background datasets, if any. (Comment: i.e. of the technological
characteristics including operating conditions).

Geographical representativeness (GR): Defines the degree to which the
datasets reflect the true population of interest regarding geography, including
for included background datasets, if any. (Comment: i.e. of the given location /
site, region, country, market, continent, etc.).

Time-related representativeness (TiR): Defines the degree to which datasets
reflect the true population of interest regarding time/age of the data, including
for included background datasets, if any. (Comment: i.e. of the given year (and
— if applicable - of intra-annual or intra-daily differences).

Completeness (C): Defines the share of (elementary) flows that are
quantitatively included in the inventory. Note that for product and waste flows,
this need to be judged on a system’s level. (Comment: i.e. degree of coverage
of environmental impact; i.e. used cut-off criteria).

Precision / uncertainty (P): Defines the measure of the variability of the data
values for each data expressed (e.g. low variance = high precision). Note that
for product and waste flows, this need to be judged on a system’s level
(Comment: i.e. variance of single data values and unit processes inventories).

Methodological appropriateness and consistency (M): Defines if the applied LCI
methods and methodological choices (e.g. allocation, substitution, etc.) are in
line with the goal and scope of the data set, especially its intended
applications and decision support context. The methods also have been
consistently applied across all data including for included processes, if any.
(Comment: i.e. correct and consistent application of the recommended LCI
modelling framework and LCI method approaches for the given situation A, B,
or Q).

Each of those has been evaluated according to the degree of accomplishment of the
criterion with the defined data quality rating (DQR):

Very good (quality rating = 1): Meets the criterion to a very high degree,
having or no relevant need for improvement.

Good (quality rating = 2): Meets the criterion to a high degree, having little yet
significant need for improvement.

Fair (quality rating = 3): Meets the criterion to a still sufficient degree, while
having the need for improvement.

Poor (quality rating = 4): Does not meet the criterion to a sufficient degree,
having the need for relevant improvement.
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e Very poor (quality rating = 5): Does not at all meet the criterion, having the
need for very substantial improvement.

It should be noticed that a single score indicator might lead to misleading
interpretation of the results. Some datasets might not contain enough information to
evaluate them against all criteria and summing all scores can be misunderstood. The
review has been based on the available documentation/information of database
providers. The unavailability of certain information does not automatically mean that
a dataset is worse than other data. Finally, note that LCl datasets values has not
been neither assessed nor reviewed under this project relative to ILCD Handbook or
ISO compliance. Focus has been on the underlying models and data used.

In order to identify key aspects that are involved in both quality and methodological
aspects of energy related LCl datasets, quality criteria have been redefined. This
practice facilitates their use in the analysis of energy systems. The main features for
assessing each criterion are detailed below. Finally, a summary table is presented
which includes both quality criteria and DQR definitions considered.

Technological representativeness

According to the ILCD handbook (EC-JRC-IES, 2010a, chapter 6.8.2), the TeR of a
process or system identifies how well the inventory data represents it regarding its
true technological or technical characteristics.

Within each specific electricity generation source selected (e.g. electricity from coal,
from gas etc.), the specific technology used to generate electricity as well as the
operational parameters strongly influences the environmental impacts of the process.
This applies to both the inputs as well as the outputs that can differ considerably
among technologies producing electricity from the same source.

The number of aspects that can be decisive for the inventory is very extensive. The
potentially most relevant aspects are the technology used, the raw material origin
and consequently the required transport distances, the efficiency of the conversion
process, the abatement techniques in place, or the load factor.

As far as oil derived fuel products are concerned (e.q. diesel, gasoline, etc.), several
typologies of refineries exist with different level of complexity and they may differ in
their environmental impacts according to the specific technical characteristics and
process configurations. Potentially relevant aspects affecting the inventory can be the
type of refinery being considered (simple refinery, complex refinery, and complex
refinery with deep conversion), the overall efficiency of the refinery, the abatement
technologies in place, the origin of the crude oil, or the venting and flaring emissions
considered.

Regarding the natural gas dataset, there are many possible origins of the gas and
extraction technologies may differ from one origin to another according to several
technological and operational parameters. The aspects that have been identified as
relevant are the origin of the gas, the energy use in the extraction process, the
venting and flaring emissions, the transport processes and distances, and the
liquefaction process, if any.
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In order to evaluate this criterion, it should be related to the European market context.
For that purpose a pre-analysis of the technology situation of the studied sectors in
Europe was necessary. The highest score has been given to datasets that consider the
European or country technology mix, meaning that the dataset has been modelled
taking into account all technologies available in the area of study. Pre-analysis by
technology can be consulted in the Annex 1.

Geographical representativeness

According to the ILCD handbook (EC-JRC-IES, 2010a, chapter 6.8.3), the GR of a
process or system identifies how well the inventory data represents it regarding the
location (e.g. market, site(s), region, country, etc.) that is documented in the
descriptive information of the data set or report and where it is operated, produced,
or consumed.

The geographical coverage of the LClI data should represent the smallest, appropriate
geographical unit, depending on the goal of the LCI/LCA study and the intended
applications.

According to the goal of this study, GR criterion should be also related to the
European market context. In order to evaluate this criterion, pre-analyses of the
situation in each of the studied energy technologies (electricity and fuels) in Europe
was performed with the objective of selecting their corresponding geographical
coverage.

Within each selected energy sources (e.g. electricity mix, electricity from wind power,
diesel mix, etc.), the countries where energy is produced from different origins have
been listed and sorted by importance. These pre-analyses state which countries have
been considered in the analysis paying attention to their contribution to the European
context.

When raw materials to produce electricity are imported (lignite, natural gas, coal, etc.)
the origins of the imported fuels have also been listed for each country. In the case of
crude oil based fuels, the countries where there are refineries have also been listed
as well as the countries where the crude oil is imported from. In the case of natural
gas, suppliers of the fuel to be consumed in Europe have been listed and sorted in the
same way.

The score has been based on the appropriateness of the geographical coverage,
considering the countries and the share of fullness (or raw material quantity). The full
GR-related pre-analysis can be consulted in the Annex 1 as well.

Time-related representativeness

According to the ILCD handbook (EC-JRC-IES, 2010a, chapter 6.8.4), the TiR of a
process or system identifies how well the data represent the declared time. The
declared time appears in some dataset as the “expiry year”, and/or as the “period of
validity”. The different data used to build the dataset usually come from several
sources and therefore, it is difficult to determine how well the time is represented. In
these cases, the expert judgement is a useful tool.
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The definition of the TiR depends on the intended application of the dataset. Datasets
from processes with a short time could have a short period of validity, where-as
datasets used to answer strategic questions might require a longer period.

Due to the extremely difficulty to get an exact number of a year deviation and the
subjectivity in declaring a period of validity in a particular dataset, the variable for
assessing has been the ‘time validity’ based on the references, defined as the year/s
in which inventory was collected, with a deviation of + 5 years.

Completeness

According to the ILCD handbook (EC-JRC-IES, 2010a, chapter 6.6.3), the C criterion is
defined as the share of flows that are quantitatively included in the inventory, i.e.
degree of coverage of overall environmental impact.

For that purpose, a pre-analysis to identify the elementary flows that allow the
estimation of the 16 environmental impact categories mentioned at the mid-point
level ILCD 2011 method has been done. Impact categories included have been the
following: climate change, ozone depletion, human toxicity (cancer effects), human
toxicity (non-cancer effects), particulate matters/respiratory inorganics, ionising
radiation (human health HH), ionising radiation (ecosystems E), photochemical ozone
formation, acidification, eutrophication (terrestrial), eutrophication (aquatic),
eutrophication (marine) ecotoxicity (freshwater), land use, resource depletion (water),
and resource depletion (mineral, fossil and renewable) (EC-JRC-IES, 2011).

In order to evaluate the coverage of each impact, it is necessary to have an important
knowledge of the analysed systems. The relevance of each elementary flow differs
depending on the processes and therefore, it is not possible to create a unique list
with elementary flows that could be applied to all datasets. Through a pre-analysis, a
short list with the most relevant elementary flows for each impact and by technology
has been developed. These flows have been identified considering their contribution in
mass to the dataset and the contribution to the potential environmental impacts
based on the characterization factors from the methods recommended by the ILCD.
Table 4 and Table 5 show the list of the most relevant elementary flows by
technology and impact category.

The modus operandi for scoring the criterion has been the following:

1) As preliminary level, has been based in the number of categories that can be
assessed, as follows:

e 15-16 considered categories = Rate 1 (very good).
e 12-14 considered categories = Rate 2 (good).

9-12 considered categories =» Rate 3 (fair).
e 5-8 considered categories =» Rate 4 (poor).
e < 5 considered categories =» Rate 5 (very poor).

2) Finally, the criterion should consider, not only how many impact categories can be
analyzed based on the elementary flows, but also how well these flows cover
each impact category. Then, in order to assure the rate regarding the inclusion of
the most relevant elementary flows, the new score has been calculated as
follows:
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e When >75 % of the elementary flows from the dataset are in the list, taking
into account only the assessed categories, then the preliminary level remains
the same (i.e. Preliminary analysis: Very good = Final analysis: Very good).

e When 50 to 75% of the elementary flows from the dataset are in the list,
taking into account only the assessed categories, then the preliminary level
falls to the next level (i.e. Preliminary analysis: Very good = Final analysis:
Good).

e When <50% of the elementary flows from the dataset are in the list, taking
into account only the assessed categories, then the preliminary level falls two
levels (i.e. Preliminary analysis: Very good - Final analysis: Fair).

Figure 1 describes the process to follow for the assessment.

IMPACT CATEGORIES ELEMENTARY FLOWS LIST
N\
K Climate change \ /— Co, \
2. Ozone depletion - N),O
/ 3. Human toxicological effects \ - EFC-114
4. Particulate matter - Benzene
5. Ionizing radiation -
) - Chromium
A - . - NOx
9. Eutrophication
10. Ecotoxicological effects Phosphorus

11. Land use Cobalt 60

Preliminary Quality Level Elementary Flows
[85% to 95%) <50%
GOOD
N _
E—

Quality Level For Completeness

POOR

Figure 1: Diagram for evaluating datasets quality for completeness.
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Table 4: The most relevant elementary flows in electricity production by technology.

Impact Mix Hard coal Lignite Natural Nuclear power Hydro Wind Biomass Solar (PV)
category gas power power
Carbon Carbon Carbon Carbon Carbon dioxide Carbon Carbon Carbon Carbon
dioxide, dioxide, dioxide, dioxide, fossil ! dioxide, dioxide, dioxide, dioxide,
fossil fossil fossil fossil fossil fossil fossil fossil
Ethane, 1,2-
. dichloro- Methan -
Climate Methane, Methane, Methane, Methane, 1122 e Methane, Dinitrogen Methane,
change fossil fossil fossil fossil - ! . fossil monoxide fossil
tetrafluoro-, biogenic
CFC-114
Methane,
tetrafluoro-
, CFC-14
Methan
Methane, Methane, Methane, Methane, Et[hane, 12 & Methane, Methane, Methane,
bromochl bromochl dichloro- bromoc . A X X
h bromochlor bromochlor A ) dichlorodif ~ bromotriflu chlorodifluo
orodifluor ) ) orodifluor  1,1,2,2- hlorodifl
o- Halon odifluoro-, odifluoro-, o- Halon tetrafluoro- UOTo- luoro-, oro-, Halon ro-, HCFC-
1211 Halon 1211 Halon 1211 1211 CFC-114 Halon CFC-12 1301 22
1211
Ethane,
’ Methan
Methang, Methane, Methane, 1.’2_ e, Methang, Methane, Methane,
bromotrifl X X dichloro- . bromotrifl
Ozone bromotriflu bromotriflu bromotri bromochlor bromochlor
. uoro-, 1,1,2,2- uoro-, X I
depletion Halon oro-, Halon oro-, Halon tetrafluor fluoro-, Halon odifluoro-, odifluoro-,
1301 1301 Halon Halon 1211 Halon 1211
1301 o-, CFC- 1301 1301
114
Ethane,
12- Ethane, Ethane, Methane, Ethane,
’ 1,2- 1,2- 1,2-
dichloro- ’ ; bromochlo .
1122 dichloro- dichloro- rodifluoro- dichloro-
e 1,12,2- 1,12,2- 1,12,2-
tetrafluor , Halon
o CFC- tetrafluoro-  tetrafluoro- 1211 tetrafluoro-
11’4 , CFC-114 , CFC-114 , CFC-114
Chromiu Mercury (@) Mercury (@) Mercury Chromium VI Chromiu  Chromium Chromium Chromium
Human m VI (w) v v (@ (w) mVi(w)  VIw) VI (w) VI (w)
toxicity Chromium Chromium Chromiu ) Chromiu  Chromium Chromium
Chromium (a)
(cancer) (@) (@) m (a) m (a) (a) (s)
Chromium Chromium Chromiu Chromium
VI (w) VI (w) m VI (w) (a)
:\llla?rcury Mercury (a) Mercury (a) tla()ercury Zinc (a) Zinc (a) (I\;I?rcury Zinc (s) Silver (a)
Zinc (a) Lead (a) Lead (a) Zinc (a) Arsenic (a) Lead (a) Zinc (a) Zinc (a) Lead (a)
Zinc (s) Mercury (w) Mercury (w) Lead (a) Lead (a) (I\g::«rcury Lead (a) Mercury (a) Zinc (a)
Human Barium
toxicity W) Mercury (a) Arsenic (@)  Lead (a) Mercury (a)
(non Merc Cadmium
cancer) reury Lead (w) u Arsenic (a)
(w) (a)
Lead (a) Barium (w) (Caa;dmlum
ﬁar)semc Mercury (w) (Avc;umony
PM2.5 PM2.5 um PM2.5 um PM2.5 PM2.5 um PM2.5 PM2.5 um PM2.5 um PM2.5 um
Particulat um um um
e matter Sulfur Sulfur Sulfur Sulfur Sulfur dioxide Sulfur Sulfur Sulfur
dioxide dioxide dioxide dioxide dioxide dioxide dioxide
lonizing Radon- _ _ Radon- ~ Radon- Radon- - R
radiation 592 Radon-222 Radon-222 592 Radon-222 522 222 Radon-222 Radon-222
(Human Carbon- ~ ~ Carbon- ~ Carbon- ~ ~ ~
Health) 14 Carbon-14 Carbon-14 14 Carbon-14 14 Carbon-14  Carbon-14 Carbon-14
lonizing Carbon- Carbon-14 Carbon-14 Carbon- Carbon-14 (a) Carbon-  Carbon-14  Carbon-14 Carbon-14
radiation 14 (a) (@) (a) 14 (a) 14 (a) (a) (a) (a)
(Ecosyste Cesium- Cesium- Cesium- Cesium-
ms) 137 (w) 137 (w) 137 (w) 137 (w)
Nitrogen Nitrogen Nitrogen Nitrogen . ) Nitrogen Nitrogen Nitrogen Nitrogen
Photoche oxides oxides oxides oxides Nitrogen oxides oxides oxides oxides oxides
mical sulfur sulfur sulfur NMVOC  NMVOC NMVOC  NMVOC NMWOC NMWOC
ozone dioxide dioxide dioxide
formation Sulfur Sulfur
NMVOC dioxide dioxide
Sulfur Sulfur Sulfur Sulfur Sulfur dioxide Sulfur Sulfur Sulfur Sulfur
Acidificati dioxide dioxide dioxide dioxide dioxide dioxide dioxide dioxide
on Nltlrogen ngrogen ngrogen NlFrogen Nitrogen axides NlFrogen N|Frogen Nl'Frogen N|Frogen
oxides oxides oxides oxides oxides oxides oxides oxides
Eutrophic Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen oxides Nitrogen Nitrogen Nitrogen Nitrogen
ation oxides oxides oxides oxides oxides oxides oxides oxides
(terrestria
l)
i:l;rgphlc Zhosphat Phosphate Phosphate zhosphat Phosphate f:ospha Phosphate  Phosphate Phosphate
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Impact Mix Hard coal Lignite Natural Nuclear power Hydro Wind Biomass Solar (PV)
category gas power power
(freshwat
er)
Eutrophic Nltrogen Nlt'rogen Nlt'rogen N|Frogen Nitrogen oxides N|Frogen NlFrogen N|Frogen NlFrogen
N oxides oxides oxides oxides oxides oxides oxides oxides
ation -
. Nitrate
(marine)
(w)
Chromiu Chromium Chromium Chromiu Chromium VI Chromiu Zinc (a) Antimony
m VI (w) VI (w) VI (w) m VI (w) (w) m VI (w) (w)
Antimony Antimony . Cobalt . Chromium
Mercury (w Mercury (w Vanadium (a Zinc (s
(w) v W) yw (w) () (w) (s) VI(w)
Ecotoxicit Cobalt . . Barium ! Antimon Chromium :
Arsenic (a, Arsenic (a, Antimony (w/ Silver (a
v (W) (a) (a) ) y (W) v (W) VI (w) (a)
(freshwat  Vanadiu ) Chromium
er) m (@ Mercury (a) Mercury (a) Copper (a) Zinc (a) ©) Copper (a)
Barium Barium (w) Chromiu Cobalt (w)
(w) m (a)
Selenium Chromium (a) Zinc (a)
(w)
Uranium Uranium Uranium Fluorspar Uranium rfrl:bde :l:]lybden Indium Indium
Resom"ce Indium Indium Indium Indium Indium Indium Tin
depletion Natural
(minerals, Coal (hard) Coal (hard) s Uranium  Fluorspar Uranium
fossil & g -
renewable Iron Uranium Lead
) Zinc Lead Cadmium
Cadmiu ’
Zinc
m
Wate“ Water, river Water, river Water' Water, river Water' Water,l . Water, river Water, river
Resource river river river nat. origin
. Water, Water,
depletion
natural natural
(water) L -
origin origin
(unesp) (unesp)
Land . Land Land Land ) Land Land Land ) Land Land
Occupatio . . Occupatio ) Occupat Occupatio . )
n Occupation Occupation n Occupation ion n Occupation Occupation
Land use Land Land Land Land Land Land Land Land Land
Transfor Transforma  Transforma  Transfor . Transfor ~ Transform  Transforma  Transforma
. h h . Transformation . ) ’ .
mation tion tion mation mation ation tion tion
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Table 5: The most relevant elementary flows in crude oil based fuels, natural gas and RME production.

Impact category

Diesel, Gasoline, Heavy Fuel Oil &

Kerosene

Natural gas (based fuel)

Biofuel (RME)

Climate change

Carbon dioxide, fossil

Carbon dioxide, fossil

Carbon dioxide, fossil

Methane, fossil

Methane, fossil

Dinitrogen monoxide

Ozone depletion

Methane, trichlorofluoro-, CFC-11

Methane, bromochlorodifluoro-,

Halon 1211

Methane, tetrachloro-, CFC-10

Ethane, 1,2-dichloro-1,1,2,2-
tetrafluoro-, CFC-114

Methane, bromotrifluoro-, Halon
1301

Methane, dichlorodifluoro-, CFC-12

Methane, bromochlorodifluoro-,
Halon 1211

Human toxicity (cancer)

Chromium (w)

Chromium (w)

Chromium VI (w)

Chromium (s)

Chromium (s)

Chromium (a)

Mercury (s)

Chromium (a)

Human toxicity (non
cancer)

Mercury (a)

Mercury (a)

Zinc (s)

Zinc (a) Zinc (a) Mercury (s)
Zinc (s) Lead (a)

Lead (a) Barium (s)

Arsenic (a)

Particulate matter

Particulates, < 2.5 um

Particulates, < 2.5 um

Ammonia

Sulfur dioxide

Sulfur dioxide

Particulates, < 2.5 um

Nitrogen oxides

Nitrogen oxides

Sulfur dioxide

lonizing radiation
(Human Health)

Carbon-14 (a)

Carbon-14 (a)

Carbon-14 (a)

Cesium-137 (w)

Radon-222 (a)

Radon-222 (a)

lodine-129 (w)

Radon-222 (a)

Cobalt-60 (w)

lonizing radiation
(Ecosystems)

Carbon-14 (a)

Carbon-14 (a)

Carbon-14 (a)

Cesium-137 (w)

Cesium-137 (w)

Cesium-137 (w)

Hydrogen-3, Tritium (w)

Cobalt-60 (w)

Carbon-14 (w)

Photochemical  ozone
formation

Nitrogen oxides

Nitrogen oxides

Nitrogen oxides

Sulfur dioxide

Sulfur dioxide

NMVOC, unspecified origin

NMVOC, unspecified origin

NMVOC, unspecified origin

Propane

Acidification

Sulfur dioxide

Sulfur dioxide

Ammonia

Nitrogen oxides

Nitrogen oxides

Nitrogen oxides

Eutrophication

Nitrogen oxides

Nitrogen oxides

Ammonia

(terrestrial) Nitrogen oxides
Eutrophication
(freshwater) Phosphate Phosphate Phosphate

Eutrophication (marine)

Nitrogen oxides

Nitrogen oxides

Nitrogen oxides

Nitrate (w)
Vanadium (a) Chromium VI (w) Zinc (s)
Copper (w) Antimony (w) Copper (s)
Ecotoxicity (freshwater)
Chromium (w) Barium (s) Cypermethrin (s)
Chromium (s) Zinc (s) Chromium VI (w)
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Impact category Diesel, Gasoline, Heavy Fuel Oil & Natural gas (based fuel) Biofuel (RME)
Kerosene
Decane (w) Zinc (a)
Crude oil Gas, natural Iridium
zinc Fluorspar Lead
Resource depletion  natural gas Indium Zinc
(minerals, fossil &
renewable) Lead Lead Uranium
Uranium Cadmium
Iron
Resource depletion Water, river Water, river Water, river
(water) Water, unspecified natural origin Water, unspecified natural origin Water, unspecified natural origin
Land Occupation Land Occupation Land Occupation
Land use

Land Transformation

Land Transformation

Land Transformation
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Precision/uncertainty

According to the ILCD handbook (EC-JRC-IES, 2010a, chapter 6.9.2), data quality
starts from the quality of the single inventory data values, and goes even beyond to
the raw data obtained.

Uncertainty parameter is usually assessed according to the relative standard
deviation value of data by means of statistical models (e.g. Monte Carlo simulation)
or based in qualitative expert judgements; both related to the resource use and
emission data only. However, the calculation of the precision/uncertainty, based on
standard deviation or other mathematical approaches is not seen as meaningful per
se. The proper interpretation of these values could depend on several factors and, in
some cases, precision analysis can be only conducted for independent parameters.

In order to evaluate this criterion, decisive factors are both the reliability of data and
the uncertainty degree of the information (such as data, models and assumptions).
Consequently, the origin of the data and its categorization shall be documented, as
well as references shall be provided.

Then, in order to rate this criterion in an easier and independent way, an expert
judgement has been considered, based in the quality of the references and their
sources, whether measured, calculated, estimated or from literature.

Methodological appropriateness and consistency

According to the ILCD handbook (EC-JRC-IES, 20104, chapter 6.5.4), in preparation of
identifying the most appropriate LCI modelling principles and methods approaches
oriented to the goal of the LCI/LCA study, a previous classification of the LCI
regarding the three distinct decision-context situations has to be performed in line
with the goal and scope of the dataset. The three main goal situations encountered in
LCA/LCI studies are the following:

e Situation A ("Micro-level decision support’): Decision support on micro-level,
typically for product-related questions. “Micro-level decisions” are assumed to
have only limited, and not structural consequences outside the decision-
context (i.e. do not change available production capacity). The effects are too
small to overcome the threshold to be able to cause so called large-scale
consequences in the background system or other parts of the technosphere

e Situation B ("Meso/macro-level decision support’): Decision support at a
strategic level (e.g. raw materials strategies, technology scenarios, policy
options, etc.). “Meso/macro-level decisions” are assumed to have also
structural consequences outside the decision-context, i.e. they do change
available production capacity. The analysed decision alone results in large-
scale consequences in the background system or other parts of the
technosphere

e Situation C ("Accounting"): Purely descriptive documentation of the system
under analysis (e.g. a product, sector or country), without being interested in
any potential consequences on other parts of the economy. Situation C has
two sub-types: Situation C1 that includes existing benefits outside the
analysed system (e.qg. credits existing recycling benefits) and Situation (2 that
does not do so.
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To evaluate this criterion, a consistent application of the recommended LCI modelling
framework and LCI method approaches for the given situation, according to the ILCD
Handbook, has been used. The assessment has been based on the following three

issues:

System boundaries: Datasets must consider a ‘cradle-to-grave’ scenario, that
is to say, from raw materials extraction to electricity production at plant. The
use of ‘grave’ instead of ‘gate’ is to consider the process of End of Life of the
energy facilities.

End of Life (EoL) modelling: Datasets have to take into account the end of the
useful life and the potential undergo, reuse, recycling or recovering. In case of
these energy datasets, the EoL stage begins when the technology is discarded
and the decommissioning of the facility is carried out.

Multifunctionality: The production of electricity, crude oil products, natural gas
or biofuels, could be a multifunctionality process. According to the different
situation contexts defined in the ILCD Handbook (EC-JRC-IES, 2010a), energy
datasets have been classified as situation A, so, this procedure must be solved
by means of allocation.

Depending of the type of dataset, allocation procedure can be different in each
multifunctional-stage of the production process. As datasets correspond to energy
production, the energy/exergy allocation method has been usually the most common
assumed and valued. The following table resumes the considered allocations methods
for each dataset, regarding the potential possibility of multifunctionality.

Table 6: Allocation procedures considered for each energy dataset.

Dataset Multifunctionality? Allocation procedure

Electricity mix YES: Heat Energy/exergy, economic , mass

Electricity from hard coal YES: Heat, mineral co- Energy/exergy, economic , mass
products

Electricity from lignite YES: Heat, mineral co- Energy/exergy, economic, mass
products

Electricity from natural gas YES: Heat, other co- Energy/exergy, economic , mass
products

Electricity from nuclear power NO -

Electricity from hydro power NO -

Electricity from biomass YES: Heat, other co- Energy/exergy, economic, mass
products

Electricity from wind power NO -

Electricity from solar power (PV) YES: Silica co-products Mass, economic

YES: Refined products /  Energy/exergy

Crude oil based fuels electricity / heat

Natural gas based fuel YES: Heat Energy/exergy
Biofuel: Rapeseed Methyl Ester YES: Glycerin / meal Eg%rgg)y (as recommended in RED

Finally, Table 7 summarises the rating and the quality parameters defined for
assessing each quality indicator.

In the following sections of the document, the results of the detailed analysis of the
selected energy datasets are shown.
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Table 7: Matrix for assessing LCl of energy datasets.

i Rating
Indicator SubquaEclty
parameters 1 (Very good) 2 (Good) 3 (Fair) 4 (Poor) 5 (Very poor)
Technology Technology
Technology Technology aspects are
. aspects have Technology
Expert judgement aspects are aspects are completely
been o aspects are : .
based on the very similar o different to different to
TeR : i modelled as similar to the
consideration of a to the the the
. the technology
technology mix technology . technology technology
technology . mix . .
mix mix mix mix, or tech
not deployed
Involved Involved Involved Involved Involvgd
- - - I countries
countries countries countries countries fulfil
Expert judgement fulfil fulfil very fulfil fulfil
- o ) completely
based on completely similarly the  similarly the  differently )
GR ) different the
geographical the share of share of share of the share of
. . . . share of
coverage of data listed as listed as listed as listed as .
listed as
referenced referenced referenced referenced
. ) ) . referenced
countries countries countries countries .
countries
Expert judgement All the data The majority At least half  Less than None the
) of the data of the data half of the
. based on defined sources refer data sources
TiR : sources refer  sources refer  data sources
time on data to the refer to the
inventory defined time to the to the refer to the defined time
defined time  defined time  defined time
Consideration of
impact categories 15-16 12-14 8-11 5-7 <5
C and share of considered considered considered considered considered
elementary flows impact impact impact impact impact
(to adjust the final categories categories categories categories categories
rating)
Expert judgement very low Low Fair High Very high
uncertainty . . . ;
based on the uncertainty uncertainty uncertainty uncertainty
P . ) and/or very ) .
precision/uncertainty high and/or high and/or fair and/or low and/or very
of data sources 9 . precision precision precision low precision
precision
No inclusion
of sufficient
LCA stages.
Inclusion of . . No
Inclusion of Inclusion of a ) ) )
all LCA . - Inclusion of @  consideration
_— ) most still sufficient _ A
Definition of stages (with sufficient of allocation
; ) relevant LCA  LCA stages.
situation context the EoL . ; LCA stages. procedures
stages. Consideration . . .
and subsequent stage). . . ) Consideration  (multi-
. ) ) Consideration  of allocation ) ) )
M expert judgement of  Consideration ) of allocation  functionality
. . of allocation procedures.
system boundaries, of allocation ) procedures. has not been
) ) . procedures. Completion )
multi-functionality procedures. ) ) Completion solved
) Completion ina ) )
and EoL Completion . . - in a low according to
. . in a high sufficient L
in a very high degree the situation
degree degree
degree context).
Completion
in a low
degree
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3. Evaluation: Electricity datasets

It should be noticed that only one dataset of each technology has been included in
this report in order to show the full application of the evaluation method. After each
evaluation, a section of findings and recommendations is presented, where a
summary table of the assessment of all selected datasets is shown.

3.1. Electricity mix

Evaluation: EU-27

ELCD database Electricity grid mix 1kV - 60kV, EU-27 (AC, technology mix |
consumption mix, at consumer)

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh, and represents
the average country or region specific electricity supply for final consumers, including
electricity own consumption, transmission & distribution losses and electricity imports
from neighbouring countries. The national energy carrier mixes used for electricity
production, the power plant efficiency data, shares on direct to combined heat and
power generation (CHP), as well as transmission/distribution losses and own
consumption are taken from official statistics (International Energy Agency) for the
corresponding reference year. Detailed power plant models were used, which combine
measured (e.g. NO,) with calculated emission values (e.g. heavy metals). The inventory
is partly based on primary industry data, partly on secondary literature data.

The coverage of the exploration and well installation data (crude oil, natural gas,
natural gas liquids) are only 90% of mass and energy and 95% of the environmental
relevance (according to expert judgment). End-of-Life of the PV-modules is not
included in the LCA-model. Waste is entering the Waste-to-Energy product system
without any environmental burden (burdens are allocated to the primary life cycle of
the product in which the waste is generated, e.g. burdens of packing material
becoming waste are allocated to the product).

Energy carrier specific power plants are modelled according to the national / regional
firing and flue gas cleaning technology mix. Data measured at representative power
plants and being published, have been used to represent the country / region mix of
power plant technologies. Also for electricity from non-combustion renewable energy
sources, like wind, hydro, solar (photovoltaic) and geothermal, specific LCA models are
developed and used.

According to the dataset information and the document provided by the database
developers (PE, 2012a), for the national grid mixes and the EU grid mix, the share of
electricity from individual energy sources and the transmission system are taken from
International Energy Agency (IEA) statistics (IEA 2010a, 2010b, 2010c), considered as
an Authoritative Source.
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v" Technological representativeness

Regarding the technology description, according to the basic information extracted
from the dataset, the following approach has been followed.

The national or regional specific electricity consumption mix is provided by the
conversion of the different energy carriers to electricity and imports from
neighbouring countries.

The electricity grid mix includes imported electricity from neighbouring
countries, transmission / distribution losses and the own use of electricity by
energy producers (own consumption of power plants, and ‘"other" own
consumption e.g. due to pumped storage hydro power, etc.). The logic of
modelling the electricity consumption mix and the systems boundaries are
represented in the next figures.

Gross Production

of respective country

Electricity own consumption
by power plants

Net Production
of respective country

Electricity
Import

Electricity Supply

of respective country

Transmission / distribution losses

Other own use, e.g. pump storage

Electricity
Consumption Mix
of respective country

Figure 2: Flow diagram "Modelling of Electricity Consumption Mixes".
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Figure 3: System boundaries of Electricity grid mix in EU-27.

Concerning the technology mix of each Member State, next figures show the fact that
datasets consider the whole technology mixes for each country (e.g.: Germany, France
and Spain).

Electricity Mix - DE

M Nuclear
M Lignite
m Hard coal
M Coal Gases
W Natural gas
M Heavy fuel oi
M Biomass

M Biogas
mWaste
m Hydro
uWind

1 Photovoltaic

Geothermal

# Imports

Figure 4: Electricity mix in Germany, 2009.
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Figure 5: Electricity mix in France, 2009.
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Figure 6: Electricity mix in Spain, 2009.
Rate 1 (very good)
Justification The technology aspects have been modelled as the EU-

27 technology mix, and each Member State dataset has
been modelled with the own technology mix.

v' Geographical representativeness

The dataset has considered a mix of the electricity datasets of each Member State
included in the EU-27 mix, in the same quantities as described in the study of IEA (IEA
2010a).
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Figure 7: Share of countries in the electricity EU-27 grid mix in 2009 (IEA 2010a, PE 2012a).

Rate 1 (very good)

Justification The geographical aspects have been modelled according
the most updated EU-27 country mix.

v" Time-related representativeness

Regarding the attached time representativeness information of the dataset, the
reference year is 2009 and the dataset is valid until 2014.

Data for making each ‘national grid mix’ and the ‘EU-27 grid mix’ comes from one of
the most updated version of IEA statistics (IEA 2010a, IEA 2010b, IEA 2010c, PE
2012a).

Rate 1 (very good)

Justification The reference year is 2009.

Updated references have been used (from 2006-2010),
and the main data come from Authoritative Sources, such
as IEA or national statistics.

v" Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis (Table 4).

Table 8: Share of completeness of elementary flows for each impact category (ELCD electricity mix).
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Impact category Share of covered elementary flows (%)

Climate change 100
Ozone depletion 66.6
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 50
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate 95=>1
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

959% of elementary flows are considered.

v" Precision/uncertainty

The data sources for the complete product system are sufficiently consistent. The
electricity grid mix data and key emissions of power plants are based on national
statistics.

National statistics and Authoritative Sources, as IEA, are the main data sources in
order to consider the most update electricity mix in EU-27.

Rate 2 (good)

Justification National statistics and IEA (Authoritative Sources) are the
main literature sources.

Elementary flows have been quantified.

v" Methodological appropriateness and consistency

Systern boundaries and EolL modelling

Regarding the general flow diagram (see Figure 3) to carry out the electricity mix and
the examples of several technologies (Figure 8 and Figure 9); the whole processes
have been covered, included EoL (except for PV-modules).
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Transports are also included.

Allocation

The extracted information from ‘Modelling and validation: LCI method and allocation’
is the following:

LCl method principle: Attributional =» Situation A
LCl methods approaches: Allocation (market value, exergy content and mass)

Deviations from LClI method approaches/explanations: For the combined heat
and power (CHP) production allocation by exergetic content is applied.
Electricity and power plant by-products, i.e. gypsum, boiler ash and fly ash are
allocated by market value due to no common physical properties. Within the
refinery, allocation by mass (refinery expenditures) and net calorific value
(feedstocks, e.g. crude oil) is used. For the combined crude oil, natural gas and
natural gas liquids (NGL) production allocation by net calorific value is applied.

Hard Coal Hard Coal Hard Ccl:al'
i wer plan
Production Transport ;El:“msﬁm

Country?

Hard Coal Hard Coal Hard Coal Hard Coal Hard Coal S
; ; Electri
rmrert [

Country2

LETGRET ] Hard Coal Heed, Capt
Production Transport pnw:;flam

Country3
L]

L]
L ]

Countty n

Figure 8: Flow diagram (system boundaries) of electricity from hard coal production.

Nuclear fuel
supply mix

Nuclear Nuclear Nuclear
power plant power plant power plant
construction use phase EolL
Electricity

Figure 9: Flow diagram (system boundaries) of electricity from nuclear power production.

Rate

1 (very good)

Justification Situation A.

Dataset includes a ‘cradle-to-grave’ system process.

Dataset comprises EoL (except for PV modules) and
infrastructures.

Allocation procedure has been applied by the exergetic
content (heat and power) and market value (by-products).
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Ecoinvent database Electricity, medium voltage, production RER, at
grid/kWh/RER (< 50 kV)

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh.

This dataset describes the transformation from high to medium voltage as well as
the transmission of electricity at medium voltage. It includes the shares of national
electricity production of UCTE member countries (in 2000) at the busbar. It does not
include transformation, transport nor distribution losses. Included processes are the
electricity production in Europe, the transmission network and direct SFs-emissions to
air. Electricity losses during medium-voltage transmission and transformation from
high-voltage are accounted for.

Electricity net production shares by the member countries are based on annual
averages. Total production does not exactly match with production reported in UCTE
statistical yearbook 2000 because national statistics of individual countries are used.

The main data sources used to describe the mixes are national statistics and
communications, and statistics of international organisations (such as CENTREL 2001;
EURELECTRIC 2001; IEA 2001; IEA/OECD 2002; NORDEL 2001; UCTE 2001),
considered as Authoritative Sources:

e CENTREL was a cooperative group of four electricity transmission systems
operators located in the formerly Soviet-held regions of Eastern Europe.

e EURELECTRIC is the Union of the Electricity Industry-Eurelectric, a sector
association that represents the interests of the European electrical power
industry

e |EA is the International Energy Agency.
e QECD is the Organisation for Economic Cooperation and Development.

e NORDEL is a body for cooperation between the transmission system operators
in Denmark, Finland, Iceland, Norway and Sweden.

e UCTE (Union for the Co-ordination of Transmission of Electricity) is the
association of transmission system operators in continental Europe, providing
a reliable market base by efficient and secure electric ‘power highways’.

v" Technological representativeness

Regarding the technology description about electricity mix and network described in
the LCI report (Ecoinvent, 2007) and the extracted information from the dataset
description, the following approach has been considered:

= Average technology used to transmit and distribute electricity. It includes
underground and overhead lines, as well as air-, vacuum- and SF6-insulated
high-to-medium voltage switching stations. No technology description is
provided because the dataset just describes the power plant portfolio of the
respective country using 2004 average technology per energy carrier.
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= The following energy sources are taken into account: hard coal, lignite, fuel oil,
natural gas, industry gas, hydropower (from run-of-river, storage, and pumped
storage power plants), nuclear power (boiling water and pressurized water
reactors), wind power, photovoltaic, biomass, biogas (both addressed with
wood co-generation) and other production technologies.

= The production mix model considers domestic production only. It includes the
production of all power plants situated within the political borders of a
country. And the supply mix model is an approximation of the actual electricity
mix provided to customers at the grid and exported to third countries.

Rate 1 (very good)

Justification The technology aspects have been modelled as the
technology mix, and each country dataset has been
modelled as its technology mix.

v" Geographical representativeness

Regarding the information included in the dataset, data apply to public and self-
producers in the European countries (EU-27 excluded Baltic countries, included
Norway, Switzerland, countries of former state of Yugoslavia). Assumptions for
transmission network, losses and emissions are based on Swiss data. The share in the
electricity mix in Europe is detailed in the next table.

Table 9: Electricity mix production by countries (Ecoinvent Database).

Dataset Share (%)
electricity, production mix DE 17.43
electricity, production mix FR 16.53
electricity, production mix GB 11.35
electricity, production mix IT 8.73
electricity, production mix ES 8.11
electricity, production mix SE 448
electricity, production mix PL 424
electricity, production mix NO 3.30
electricity, production mix NL 291
electricity, production mix BE 246
electricity, production mix Fl 246
electricity, production mix CZ 233
electricity, production mix CH 1.92
electricity, production mix AT 1.89
electricity, production mix GR 1.66
electricity, production mix PT 1.32
electricity, production mix RO 1.32
electricity, production mix BG 1.18
electricity, production mix DK 1.16
electricity, production mix CS 1.10
electricity, production mix HU 0.94
electricity, production mix IE 0.85
electricity, production mix SK 0.85
electricity, production mix HR 046
electricity, production mix BA 0.36
electricity, production mix S| 0.35
electricity, production mix MK 0.19
electricity, production mix LU 0.12
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Rate 2 (good)

Justification The countries that dataset includes are EU-27 Member
States, but excluded Baltic countries, and included
Norway, Switzerland, countries of former state of
Yugoslavia (RER).

v" Time-related representativeness

Regarding the information of the dataset, the time period is the year 2004. Moreover,
it is stated that the time period of statistics have been used and the data for Republic
of Macedonia are from 1998.

Other information included is that the main data sources used to describe the mixes
are national statistics and communications, and statistics of international
organisations (such as CENTREL 2001; EURELECTRIC 2001; IEA 2001; IEA/OECD 2002;
NORDEL 2001; UCTE 2001).

Rate 2 (good)
Justification The reference year is 2004, with the average production
of year 2000.

There is no specific information but, in general terms,
reference period is 2000-2002 with updated data, but
some references come from 1990s.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 10: Share of completeness of elementary flows for each impact category (Ecoinvent Electricity
mix).

Impact category Share of covered elementary flows (%)
Climate change 100
0Ozone depletion 100
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate 10021
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Rate 1 (very good)

Justification The whole impact categories can be assessed and the
100% of elementary flows are considered

v Precision/uncertainty

Regarding the extracted information form the dataset, the sources are some
measured, but most of them come from literature of Authoritative Sources, such as
CENTREL, EURELECTRIC or IEA.

There is no information about each elementary flow.

Rate 3 (fair)

Justification Most of references come from Authoritative Sources (IEA,
CENTREL, EURELECTRIC ...).

There is no information about the emission factors or
direct emissions.

v" Methodological appropriateness and consistency

Systerm boundaries and Eol modelling

Dataset considers a mix of technologies. It includes the treatment of residues (ash)
but not the EoL modelling of plan decommissioning. Infrastructures are included
(from raw material to the plant).

Allocation

Situation A is assumed. Although electricity is a by-product in the case of waste
incineration plants, in this dataset all environmental impacts are allocated to the
waste rather than to the electricity.

Rate 3 (fair)

Justification Situation A.
Dataset includes a ‘cradle-to-grave’ system process.
It does not comprise EoL modelling.
Infrastructure is included.

Allocation procedure has been applied to the waste rather
to electricity (only in the case of waste incineration
plants).
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GEMIS database

El-generation-mix-EU-27-2010 (PRIMES)

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one TJ.

This dataset describes the transformation from high to medium voltage as well as
the transmission of electricity.

Main data comes from DG-ENER (PRIMES model) and DG-TREN of European
Commission, considered as Authoritative Sources.

v" Technological representativeness

Regarding the technology description, data come from electricity generation mix in
EU-27 from the Directorate general for energy of EC in 2010 (see above

Geographical Representativeness criterion).

Rate

1 (very good)

Justification

The technology aspects have been modelled as the
electricity mix in EU-27.

v"  Geographical representativeness

Regarding the extracted information of the dataset in the software, the following

table shows the share of each country in the electricity mix grid.

Table 11: Electricity mix by country (GEMIS Database).

Dataset Share (%)
el-generation-mix-DE-2010 (PRIMES) 19.11
el-generation-mix-FR-2010 17.15
el-generation-mix-UK-2010 11.82
el-generation-mix-IT-2010 9.08
el-generation-mix-ES-2010 894
el-generation-mix-PL-2010 492
el-generation-mix-SE-2010 471
el-generation-mix-NL-2010 3.15
el-generation-mix-BE-2010 2.56
el-generation-mix-CZ-2010 243
el-generation-mix-FI-2010 240
el-generation-mix-AT-2010 1.92
el-generation-mix-R0-2010 1.86
el-generation-mix-GR-2010 1.86
el-generation-mix-PT-2010 1.40
el-generation-mix-BG-2010 1.20
el-generation-mix-HU-2010 1.14
el-generation-mix-DK-2010 111
el-generation-mix-SK-2010 0.97
el-generation-mix-IE-2010 0.80
el-generation-mix-SI-2010 049
el-generation-mix-EE-2010 0.32
el-generation-mix-LT-2010 0.19
el-generation-mix-LV-2010 0.18
el-generation-mix-CY-2010 0.14
el-generation-mix-LU-2010 0.11
el-generation-mix-MT-2010 0.07
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Rate 1 (very good)

Justification The countries that dataset includes are EU-27 Member
States

Updated data (2010).

v" Time-related representativeness

The reference year is 2010, and the literature comes from EU DG-ENER (2010) and
OEKO (2011). National data come from EU DG-TREN (2003).

Rate 1-2 (very good-good)

Justification Reference year is 2010, and preferential data come from
relevant and updated literature data for 2010 in terms of
electricity mix.

National data of countries come from the reference of
2003, but with prospective scenarios of PRIMES model.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 12: Share of completeness of elementary flows for each impact category (GEMIS Electricity mix).

Impact category Share of covered elementary flows (%)

Climate change 100
Ozone depletion 0
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 0*
lonizing radiation (Ecosystems) 0"
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) o**
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 33.3%
Resource depletion (water) 100
Land use 50
Number of considered impacts categories =» first rate 122
Share of elementary flows (%) =» second rate 90> 2

* Nuclear waste is included but elementary flows are not defined. ** Inorganic salt is included but
elementary flows are not defined. *** Nuclear resources are included but elementary flows are not

defined.
Rate 2 (good)
Justification 12 impact categories can be assessed and the 90% of

elementary flows are considered.
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v Precision/uncertainty

Regarding the extracted information form the dataset, data sources come from
literature, declared as Authoritative Sources, like European Commission.

The values of electricity production that come from PRIMES are the result of a model
run. In general they are very close to real values but in some cases, such as in the
electricity production from Germany some differences have been found. There is no
information about each elementary flow or emission factors.

Rate 2-3 (good-fair)

Justification Data come from relevant literature (EC and EUPOPP,
Authoritative Sources).

GEMIS auto-evaluation: data quality is medium.

There is no information about the emission factors or
direct emissions.

v" Methodological appropriateness and consistency

System boundaries and EolL modelling

Dataset considers a mix of technologies. Infrastructures are included (from raw
material to the plant) in each technology, but EoL is not included.
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Figure 10: Flow diagram of electricity mix production (EU-27) from GEMIS (electricity from coal in
Austria is detailed).

41



Allocation

According to the extracted information of the software, situation A is assumed and
allocation procedures are considered, but not defined.

Rate 3 (fair)

Justification Situation A.

Dataset includes a ‘cradle-to-grave’ system process but it
does not comprise EoL.

Infrastructure is included.

Allocation procedure has been applied, but not defined
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E3 database Electricity / Electricity-Mix-EU (10-20 kV-level) /| CONCAWE

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh. This dataset
describes the electricity supply including distribution down to 20-20 kV level (medium
high voltage). Other dataset about the infrastructure of the plant is linked to this
dataset: ‘Electricity / Power-Plant-Mix-EU-15 / GEMIS 4.1’

v" Technological representativeness

Regarding the attached technology description in the software, data about technology
come from EU mix (1999) according to GEMIS 4.1. The following table shows the
share of each considered technology.

Table 13: Electricity mix in Europe by technology (E3 Database).

Technology (1999) Share (%)
Nuclear 40.74
Coal / Hard / source 19.79
NG source 1235
Crude oil 861
Lignite / source 7.02
Waste 6.60
Hydro Power 4.44
Biomass source 0.25
Wind Power 0.14
Geothermal 0.07
Rate 3 (fair)

Justification The technology aspects have been modelled as the

technology mix, but obsolete data (European electricity
mix from 1999).

v" Geographical representativeness

Regarding the attached information of the software, geographical data come from EU
mix (1999) according to GEMIS 4.1. Data of country of origin from ‘Electricity / Power-
Plant-Mix-EU-15 / GEMIS 4.1’ show that the scope of geographical representativeness
is EU-15.

Rate 4 (poor)
Justification Data of electricity mix of 1999, and only EU-15 was
considered.
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v" Time-related representativeness

The reference year is 1999-2000, and the literature comes from Globales Emissions-
Modell Integrierter Systeme (GEMIS, 2002), CONCAWE (2007), and a personnel
communication of Heinen, Joerg (RWE, 9/1999).

Rate 2 (good)

Justification The reference years are 1999-2000.

In general terms, the reference period of development
of the datasets from CONCAWE report is 2005.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 14: Share of completeness of elementary flows for each impact category (E3 Elect. mix).

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 0
Human toxicity (non cancer) 0
Particulate matter 100
lonizing radiation (Human Health) 0
lonizing radiation (Ecosystems) 0
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0
Eutrophication (marine) 100
Ecotoxicity (freshwater) 0
Resource depletion (minerals, fossil & renewable) 333
Resource depletion (water) 0
Land use 0
Number of considered impacts categories =» first rate 794
Share of elementary flows (%) =» second rate 902> 4
Rate 4 (poor)

Justification Only 7 impact categories can be assessed and the 90%

of elementary flows are considered.
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v Precision/uncertainty

According to dataset, data precision is middle for electricity production and good for
the power plant. There is no info about elementary flows; nevertheless the CONCAWE
reference is considered as a Business Association.

Rate 3 (fair)

Justification Most of references come from relevant literature
(CONCAWE, Business Association).

E3 auto-evaluation: data precision is middle/good.

There is no information about the emission factors or
direct emissions.

v" Methodological appropriateness and consistency

System boundaries and Eol modelling

A cradle to grave is assumed, where dataset considers the infrastructures (in the
inventory of the electricity power plan, the materials of construction are included)

There is no information about EoL modelling.
Allocation

No information about allocation procedures, but could be assumed as GEMIS, because
it is referenced.

Rate 3 (fair)

Justification Situation A.

Dataset includes a ‘cradle-to-grave’ system process but it
does not comprise EoL.

Infrastructure is included.

Allocation procedure has not been defined, but assumed
as GEMIS.
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Results, findings and recommendations

ELCD dataset achieves the highest score in all quality criteria with the only exception
of the precision criteria which has a score of 2. Nevertheless, taking into account the
evaluation of the rest of datasets, some general recommendations can be derived.

In order to improve the TeR criterion, minority technologies that could have an
important share in the future could be included. We are referring for example to solar
thermal technologies already present in the mix of countries like Spain, or ocean
technologies or even carbon capture technologies.

Statistical information used to construct the electricity mixes of each country has
been retrieved from the IEA. This is of course an authoritative source. However, and
due to the ELCD database has been developed by the EC in a European context, it
seems adequate to use the data reported by each country to Eurostat, which is freely
available from the Eurostat web-site http://epp.eurostat.ec.europa.eu (access in
February 2013).

One of the databases analysed makes use of energy models to derive future
European electricity mixes, although this is not the scope of the ELCD. GEMIS
database makes use of the PRIMES model results to derive future electricity mix
datasets. PRIMES is a modelling system that simulates a market equilibrium solution
for energy supply and demand in the EU-27 and its Member States and it is used by
the European Commission for its official electricity production scenarios. The model
determines the equilibrium by finding the prices of each energy form such that the
quantity producers find best to supply matches the quantity consumers wish to use.
The market equilibrium is for each time period and the simulation is dynamic over
time (EC, 2010). Since electricity is a major input in many processes, having theses
prospective electricity mixes could be very useful for prospective and consequential
LCA studies.

Completeness criterion, although rated with the highest score, is fulfilled with a share
of 95% approximately, when the relevant elementary flows are considered. In order
to fulfill the criterion in a 100%, the following flows should be considered: Halon
1211*? for ozone depletion, and indium for resource depletion impact category.

The methodology (M) criterion could be improved with the inclusion of the EoL
modelling of PV facilities, as it will be shown in the section dealing with PV electricity
dataset using data from Ecoinvent (2009).

Finally, as a general recommendation, in order to have a more useful database in
which users can update the EU27 electricity mix; datasets not only by country but
also by technology should be available.

2 In general, the use and production of halons is regulated under the Montreal Protocol. The production and
consumption of halons can be consulted in the  following publication from UNEP:
http://ozone.unep.org/Publications/Production_and consumption2005.pdf. Assuming that the protocol is respected (the
complete phase out has taken place in 2010), no more important emissions are expected in the energy sector.
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Table 15: Findings and recommendations summary for ‘EU27: Electricity mix’ dataset.

Indicator ELCD data quality rating Findings or recommendation for improving

TeR 1 Inclusion of minority technologies that could have an important share in the

future.
GR 1 -
] Use of Eurostat or PRIMES modelling data in order to consider the most
TiR 1
updated data.
C 1 Consideration of more pollutants as Ecoinvent dataset: Halon 1211 and
indium.
p > Use of Eurostat or PRIMES modelling data in order to consider the most
updated data.
M 1 Consideration of Fol modelling of PV-modules from Ecoinvent dataset.
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3.2 Electricity from hard coal, lignite and natural gas

Evaluation: Hard coal (Germany)

ELCD database DE: Electricity from hard coal (AC, mix of direct and CHP,
technology mix regarding firing and flue gas cleaning |
production mix, at power plant | 1kV - 60kV)

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh.

The dataset covers all relevant process steps and technologies along the supply chain.
The national energy carrier mix used for electricity production, the power plant
efficiency data, shares on direct to combined heat and power generation (CHP), and
own consumption values are taken from official statistics (International Energy
Agency) for the corresponding reference year. Detailed power plant models were
used, which combine measured (e.g. NOy) with calculated emission values (e.g. heavy
metals). The inventory is partly based on primary industry data, partly on secondary
literature data.

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the dataset information and the document provided by the
database developers (PE, 2012a).

Table 16: Basic information used to assess the ELCD hard coal electricity dataset (DE).

Stage Type Reference Comments
. IEA 2010d Indigenous production and imports of hard coal
Mineral BREF 2005; Brandt 1991,
extraction Glinther 2004; Kolhestatistik Fuel properties
2003
Transport Not referenced Transports distanc_es and type of transport (train,
barge, high-sea ship and sea ship)
. 500 MW plant, with 500 full load hours and a life
Infrastructure Schwaiger 1996 fime of 40 years
IEA 2010a Basic parameters of power plants models
UNFCC 2010 GHGs
EEA 2009 Dust 502 and NOx
UBA 2010a; UBA 2010b; Rentz
. 2002 CO, NMVOC
Combustion Plant: EEA 2006; NERI 2010 Split upon dust emissions
emissions and CEC 1991 Split up of NMVOC
consumptions Gantner 1996; NERI 2010 PAH and dioxins
Gantner 1996; Brandt 1991 Heavy metals and halogens
Gantner 1996 Ammonia slip
BREF 2005; Goldstein 2002; Water use and auxiliaries
Gleick 1994; Rentz 2002
BREF 2005 Allocation impacts
End of Life

Schwaiger 1996

EoL of the power plant
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v" Technological representativeness

Regarding the technology description, the basic information extracted from the
dataset, in order to evaluate this criterion, is the following:

= The electricity is either produced in a hard coal specific power plants and/or
combined heat and power plants (CHP). Also considered are the national and
regional specific technology standards of the power plants in regard to
efficiency, firing technology, flue-gas desulphurisation, NO, removal and de-
dusting.

= The hard coal supply considers the whole supply chain of the energy carrier
from exploration, production, processing and transport of the fuels to the
power plants. The supply chain is modelled in a specific national hard coal
consumption mix (i.e. domestic production and imports), and considers national
average hard coal properties (e.g. elemental composition and energy content).

According to the basic parameters of the power plant models, the dataset developer
has provided the following information:

= The share between electricity produced in electricity plants and CHP plants, the
efficiencies, the own consumption as well as the share between electricity and
heat output in CHP plants is calculated individually for each specific country
using IEA statistics.

Rate 1 (very good)

Justification Consideration of both electricity and CHP plants for
producing electricity from hard coal. Use of the
technology mix.

Type of plants (PC, SCPC, IGCC, etc.) is not defined, but
basic parameters settings have been considered.

v" Geographical representativeness

Regarding the information included in the dataset, the basic information, in order to
evaluate this criterion, is the following.

» The dataset represents the average national specific electricity production
based on hard coal. Main technologies for firing, flue gas cleaning and
electricity generation are considered according to the national specific
situation.

This dataset includes ‘DE: Hard coal mix’ dataset, which covers the entire supply chain
of hard coal. Analogously to any dataset, a technology description is incorporated. The
basic information extracted from it, in order to evaluate this criterion, is the following.

» The dataset considers the whole supply chain from hard coal mining, hard coal
upgrading, long distance transport, and regional distribution to the final
consumer. The mix can be seen for a specific country / region as average hard
coal consumed.
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= The following figure illustrates the origin and the share of imported (and
domestic) hard coal in Germany considered in the dataset.

Hard coal mix - DE

2.35%
W Australia
11.28% 0.03% W Canada
W Colombia

M Czech Republic
W Germany
M France

M Great Britain

mCis
Poland
USA
South Africa
Figure 11: Origin of hard coal in Germany, 2009.
Rate 2 (good)
Justification Domestic production and imports of raw materials (hard

coal) have been considered.

Countries of origin of the coal are the same as those
defined in the pre-analysis, although respective shares
slightly differ.

v' Time-related representativeness

Regarding the attached time representativeness information of the dataset, the
reference year is 2009 and the dataset is valid until 2014. Moreover, dataset states
that the time representativeness is an annual average.

Data for making the ‘DE: Electricity from hard coal’ and ‘DE: hard coal mix’ datasets
comes from one of the most updates versions of IEA statistics (IEA 2010a, IEA
2010b, IEA 2010c, PE 2012a). Furthermore, a large list of references has been
attached in the software information.

Rate 1 (very good)

Justification The reference year is 2009.

Updated references have been used (from 2006-2010),
and the main data come from Authoritative Sources, such
as |EA, EEA or national statistics (UBA). However, some
emissions data come from 1990s.
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v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list (Table 4).

Table 17: Share of completeness of elementary flows for each impact category (ELCD Electricity from
hard coal).

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 66.6
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 66.6
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate %=1
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

96% of elementary flows are considered

v" Precision/uncertainty

The data sources for the complete product system are sufficiently consistent: The key
emissions e.g. sulphur dioxide, nitrogen oxide, etc., of the power plants / combined
heat and power (CHP) plants are based on measured operating data taken from
national statistics. All other emissions from the power plants / combined heat and
power plants (CHP) are based on literature data and / or calculated via energy carrier
composition in combination with (literature-based) combustion models. Detailed
power plant models are used, which combine measured (e.g. NO,) with calculated
emission values (e.g. heavy metals). The data on the energy carrier supply chain are
based on statistics with country / region-specific transport distances and energy
carrier composition, as well as industry and literature data on the inventory of
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exploration, production and processing. Infrastructure data are from literature. LCl
modelling is fully consistent.

More specifically, the dataset developers have supplied complementary information
regarding the sources of fuel properties; emissions and auxiliary consumption.

The analysis of the references states that the majority of significant elementary
flows have been obtained from relevant literature (see table in General comments),
with some exceptions that are described below.

Rate 2 (good)

Justification Data of the most important elementary flows come from
relevant literature, as Authoritative Sources (IEA, BREF,
UBA, EEA..)).

For those emissions from which the is no information
coming from Authoritative Sources, the studies used as
reference are in some cases outdated (from 1991) and
others do not correspond to German conditions (Denmark,
Neri 2010).

v" Methodological appropriateness and consistency

System boundaries and EolL modelling

The datasets for electricity from hard coal include the infrastructure of the power
plant as well as EoL of the power plant (Schwaiger, 1996) representing a 500 MW
plant, with 5000 full load hours and a life time of 40 years (PE, 2012a). Regarding
the general flow diagram to produce the electricity from hard coal, the whole
processes have been covered (Figure 12).

For the hard coal transportation the following modelling is used:

e Indigenous production: For national production, no specific transportation
process is modelled.

e /mports: Starting from a coal mine the imported hard coal is transported
depending on its origin via rail, inland vessel, bulk carrier (ocean respectively
costal) or a combination of several to the border or a coal terminal of the
destination country / region.

Hard Coal Hard Coal Hard Ctlsalt
: ower plan
Production Transport I:onnrugﬁon

Country1

Hard Coal GEICRECE] Hard Coal Hard Coal
Production Transport Mixer Transport

Country2

Hard Coal Hard Coal el Conl
Production Transport WWSLLPIEM

Country3
@
®
L ]

Hard Coal
power plant Electricity

usephase

Country n

Figure 12: Flow diagram (system boundaries) of electricity from hard coal production.
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Next table illustrates the country specific import mix of hard coal in 2008 for
Germany as well as transport distances and type of transport. Within Germany, an
additional barge transport of 500 km is considered.

Table 18: Transport distances for imported coal in Germany in 2008 (IEA 2010e; PE 2012a).

Transport country of origin Sea transport
Country | S°2! 2nd Export Transport
of origin | MIX . 1st Transport Transport harbour Import har-
[%6] |Location T bour
. ype of Type of [km] Type of
mine [k m] transport [k m] transport | boarderharbour transport
Bowen high-sea
Australia 8.1 | Basin 150 | train (diesel) Bowen | 25,810 ship Wilhemshafen
Germany 29.6
CIS 16.2 | Donezk 2,800 | train (diesel) Pirna
Great train (elec- coast
Britain 0.0 | Sheffield 120 | tric) Hull 600 ship| Wilhemshafen
high-sea
Canada 2.6 | Edmonton | 1,000 | train (diesel) Vancouver | 16,780 ship | Wilhemshafen
Puerto Boli- high-sea
Columbia 8.2 | Richacha 150 | train (diesel) var | 8,660 ship | Wilhemshafen
Frankfurt
Poland 10.3 | Kattowitz 90 | train (diesel) 400 | barge Oder
South high-sea
Africa 15.5 | Emelo 640 | train (diesel) Durban | 13,230 ship | Wilhemshafen
Czech
Republic 0.0 | Kladno 20 | train (diesel) 140 | barge Pirna
high-sea
USA 9.5 | Pittsburgh 500 | train (diesel) Philadelphia | 6,890 ship | Wilhemshafen
Allocation

The extracted information from ‘Modelling and validation: LCI method and allocation’
is the following:

e LCl method principle: Attributional =» Situation A
e LCl methods approach: Allocation (market value, exergetic content).

e Deviations from LCI method: For the combined heat and power (CHP)
production allocation by exergetic content is applied. The so called quality
factor to express the exergy is 1 for electricity and 0.33 for heat (135°C and 6
bar) (BREF, 2005). Electricity and power plant by-products, i.e. gypsum, boiler
ash and fly ash are allocated by market value due to no common physical
properties.

e Modelling constants: All data used in the calculation of the LCI results refer to
net calorific value.

Rate 1 (very good)

Justification Situation A.
Dataset includes a ‘cradle-to-grave’ system process.
Dataset comprises EoL and infrastructure.
Dataset includes transports.

Allocation procedure has been applied by the exergetic
content (heat and power) and market value (by-products).
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Ecoinvent database Electricity, hard coal, at power plant/DE

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh. The module
describes the electricity production of an average plant for the country.

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the dataset information and the document Ecoinvent (2007).

Table 19: Basic information used to assess the Ecoinvent hard coal electricity dataset.

Stage Type Reference Comments
Mineral )
extraction Mines Hinrichs 1999; Roder 2004 From 8 most important mining regions worldwide
Transport Not referenced Freight, ship and lorry
Fuel properties  pyger 2004 Main characteristics of hard coal
. Emissions Corinair 1991; Réder 2004 Complete emissions data
Combustion

2 exemplary lignite and hard coal units with 100
MW and 500 MW power rate, years 1980s

Plant step Not referenced 700 hard coal and lignite plants, year 2000

Infrastructure Not referenced

End of Life - R

v" Technological representativeness

Regarding the technology description about electricity from coal described in the LCI
report (Ecoinvent, 2007) and the dataset information, the basic information, in order
to evaluate this criterion, is summarized below.

= Technology: Average installed technology. The module uses the average net
efficiency of German hard coal power plants (35.9%).

= The modelling of the power plant step of the coal chain is based on a
database containing data of about 700 hard coal and lignite power units in
Europe, reflecting conditions around year 2000.

= The plant infrastructure is based on two exemplary lignite and hard coal units
with 100 MW and 500 MW power rate, respectively. Data of these plants are
based on information from the 1980s about several hard coal and lignite
power plants in Germany. The assumed share of 100 MW to 500 MW units is
30/70 for lignite and 10/90 for hard coal.

Rate 2 (good)

Justification The technology aspects have been modelled as an
average plant in Europe, in German conditions.

Infrastructure is based in two units from 1980s.

v'  Geographical representativeness

Regarding the general information included in the dataset, data is country specific.
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This dataset includes ‘Hard coal supply mix, DE’ dataset, which covers the entire
supply chain of hard coal. The import countries and their share of import hard coal
are shown in the next table.

Table 20: Imports of hard coal in Germany, year 2000 (Ecoinvent DB).

Country or region Share (%)
WEU - Western Europe 67
EEU - Central and eastern Europe 11
ZA - South Africa 93
RLA - Latina América and Caribean 53
AU - Australia 38
RNA - North America 27
CPA - Centrally Planned Asia and China 0.7
RU - Russia 04

Regarding the correspondence region/countries with the pre-analysis, the whole
import countries are fulfilled, but the share does not correspond to the actual value in
2000:

- WEU = 6%.
- EEU = 31%
- ZA > 14%.

- RLA =>» 9%.

- AU = 13%.

- RNA = 6%.

- CPA =>» 49%.

- RU = 49%.

Rate 3 (fair)

Justification The whole import countries are fulfilled, but the share is
very different to the actual value in 2000.

v' Time-related representativeness

Regarding the information of the dataset, the time period is 1993-2000. References
in Ecoinvent (2007) report and dataset come from 1991-2004, with data extracted
mainly from 1990s.

Rate 2 (good)

Justification The reference year is 1993-2000.

There is no much specific information but, in general
terms, reference year period is 1991-2004. Data come
mainly from 1990s (statistical reports).
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v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 21: Share of completeness of elementary flows for each impact category (Electricity, hard coal,
Ecoinvent).

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 100
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate 10021
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

100% of elementary flows are considered

v" Precision/uncertainty

Regarding the information from Ecoinvent (2007) report, the main reference is Roder
et al. (2004), with a most updated version from Dones et al. (2007).

Mining modelling is based on Hinrichs et al (1999), a study on global hard coal
mining. Main emissions and technology aspects in the power plant are determined
using information from country-specific databases of more than 700 coal power
plants in Europe.

Rate 2 (good)

Justification Main reference is an internal document, which determines
that main emissions come from calculated data from
power plants, found in literature.
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v" Methodological appropriateness and consistency

System boundaries and Fol modelling

Figure 13 shows the flow charts with the modelled steps of the assessed hard coal
system (including hard coal mix supply, DE).

Regarding the transport, in order to simplify the modelling, it is assumed that the
extracted hard coal is stored at regional storages before it is transported to Europe.
Afterwards, the coal is transported to the single European countries, where it
assumed to be delivered to storage before being supplied to the power plants.

Regarding the final treatments, the dataset describing the operation of flue gas
desulphurisation for hard coal plants takes into account the requirements of
limestone and other materials, CO, emissions to air, and emissions to water, which
are based on emission limits for Germany. The wastewater from lignite flue gas
desulphurisation is used for humidification of the ash; therefore no net water
emissions are taken into account. The dataset describing the catalytic nitrogen
reduction in de-NOx takes into account ammonia requirements and emissions to air.
Coal ash is modelled using country-specific average production rates (per TJin) and
compositions. Additionally, country-specific recycling rates are taken into account.
Hard coal ash, which is not recycled, is assumed to be disposed of in residual material
landfill, whereas lignite ash is assumed to be disposed of as mine backfill. The
recycled part is not inventoried.
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Figure 13: Modelled hard coal chain in Ecoinvent (2007).

Allocation

There is no specific information of allocation procedures in the process hard coal to
produce electricity.

Situation A is assumed.

Rate 2 (good)

Justification Situation A.

Dataset includes a ‘cradle-to-grave’ system process but it
does not comprise EoL or dismantling.

There is info about final treatments of outputs.
Infrastructure is included.

Allocation procedure by energy content has been
considered (only in the case of hard coal coke).
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GEMIS Coal-ST-DE-import-2005
Coal-ST-DE-2005

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one TJ.

This evaluation includes two separate datasets according to the domestic production
and imports of hard coal in Germany.

v" Technological representativeness

Regarding the technology description, both domestic and import production data
come from a big coal fired steam turbine power plant (for domestic and imported
coal), with FGD and SCR-DeNO..

Rate 3 (fair)

Justification The technology aspects have been modelled by a single
plant sited in Germany.

v" Geographical representativeness

Regarding the extracted information of the dataset in the software, the following
table shows the share of imports of hard coal.

Table 22: Imports of hard coal in Germany, in 2005 (GEMIS Database).

Dataset Share (%)
PL — Poland 267
ZA - South Africa 26.7
RU - Russia 169
AU - Australia 161
US - United States 9.7
CA - Canada 39

Regarding the correspondence with the countries detailed in the pre-analysis, almost
the whole supplier countries are included (more than 85% of imports are fulfilled),
but not the share:

- PL =» Poland (15%).

- ZA =» South Africa (22%).
- RU =» Russia (230%).

- AU =>» Australia (11%)

- US =>» United States (130%).
- CA = Canada (4%).
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Rate 3 (fair)

Justification The countries that dataset includes are almost the same
as the pre-analysis, but the share is different. There is no
share of domestic vs. imported hard coal in Germany.

v" Time-related representativeness

The reference year is 2005, and the literature comes from Oko-Institut (Institut fiir
angewandte Okologie e.V.) (1994 [not found], 2001 [not found], 2007), UBA (2007),
and DLR (2009).

Rate 2 (good)

Justification Reference year is 2005. Main literature comes from
relevant references (DLR, UBA, Oko Institute) from 2001-
2009. Data represents statistical series until 2004 and
prospective studies.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 23: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 0*
lonizing radiation (Ecosystems) 0"
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) o**
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 33.3%
Resource depletion (water) 100
Land use 50
Number of considered impacts categories =» first rate 1292
Share of elementary flows (%) =» second rate 90> 2

* Nuclear waste is included but elementary flows are not defined. ** Inorganic salt is included but
elementary flows are not defined. *** Nuclear resources are included but elementary flows are not
defined.
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Rate 2 (good)

Justification 12 impact categories can be assessed and 90% of
elementary flows are considered.

v Precision/uncertainty

Regarding the extracted information from the dataset, data sources come from
literature of Authoritative Sources, like DLR or UBA; and the Oko Institute. There is no
information about each elementary flow or emission factors.

Rate 2 (good)

Justification Data comes from relevant Authoritative Sources (DLR,
UBA or Oko). There is no information about the emission
factors or direct emissions.

GEMIS auto-evaluation: data quality is good (for both
domestic and imported dataset).

v" Methodological appropriateness and consistency

Systerm boundaries and Eol modelling

Figure shows a ‘cradle-to-grave’ scenario for producing electricity from hard coal in
Germany.

Infrastructure is included in a German scenario, but EoL modelling is not included.
coal (hard)
Xtra-genericiwater diesel motor-AU-2000
blasting (ANFO)-DE-2000 el-generation-mix-AL-2000
Xtra-surface\coal-aU-low-5-2000

transfer-aU\coal-AU-low-5-2005

transfer-aU- >DE\coal-aU-low-5-2005

transfer-ZA->DE\coal-ZA-2005
transfer-PL- >DE\coal-PL-200S transfer-RU- >DE\coal-RU-2005
transfer-CA->DE\coal-CA-2005 ~——— - transfer-US- >DE\coal-US-2005

coal-mix-DE-import-2005
7]

coal-mix-DE-import-2005(T)
coal-mix-DE-import-transport-2005

Xtra-genericiwater =— -
coaI-ST-DE-ilmport-ZODS

Figure 14: Flow diagram of electricity from hard coal production in Germany, from GEMIS.

Allocation

According to the extracted information of the software, situation A is assumed and
allocation procedures are considered, but not defined.
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Rate 3 (fair)

Justification Situation A.

Dataset includes a ‘cradle-to-grave’ system process but it
does not comprise EoL.

Infrastructure is included.

Allocation procedure has been applied, but not defined.
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E3 database Power Station / Hard Coal / ST / Germany

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh.

v" Technological representativeness

Regarding the attached technology description in the software, data about technology
come from an average coal-fueled ST power station in Germany (efficiency 37.5%) in
2005, according to the Federal Environment Agency (UBA).

Rate 3 (fair)

Justification The technology aspects have been modelled by a single
plant sited in Germany.

v"  Geographical representativeness

Regarding the extracted information of the dataset in the software, data of imports
of hard coal in Germany come from ‘Coal/Hard/Provision/mix EU/CONCAWE’. The
following table shows the share of imports (and domestic production):

Table 24: Imports (and domestic production) of hard coal in Germany (EU Mix 1999) (E3 DB).

Dataset Share (%)
United Kingdom 18
Spain 6
Australia 12
Poland 7
USA 10
South Africa 16
Germany 21
Colombia 7
Russia 3

Regarding the correspondence with the countries detailed in the pre-analysis, a very
high share of countries is included (more than 80% of imports are fulfilled) However
the shares do not correspond to the actual figures for the year of reference of the
database (2005) (E3 vs. pre-analysis, %):

- Germany = 21 vs. -

- Russia = 3 vs. 21.

- South Africa =» 16 vs. 23.
- Poland = 7 vs. 27.

- USA = 10 vs. 3.

- Colombia =» 7 vs. 8.

- Australia = 12 vs. 11.
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Rate 4 (poor)

Justification Very high share of suppliers is included (more than 809%),
but EU mix of hard coal in 1999 is considered which is
very different from the German coal imports in 2005

v" Time-related representativeness

The reference year is 2005, and the literature, for both inventories, comes from
Globales Emissions-Modell Integrierter Systeme (GEMIS) (2009, 2002), IDEAM (2001),
IEA (2000s), Concawe (2007), and the following webs:

» Fossil Energy International (2002): An Energy Overview of Columbia; October
2002, http://www.fe.doe/international/colbover.html (not available).

= El Cerrejon Norte Coal Mine, Colombia; http://www.mining-
technology.com/projects.

Rate 3 (fair)

Justification The reference year is 2005.

Data references of power plants come from GEMIS
database (2002-2009), but cannot be checked.

Data of mining comes from Colombian references from
2001-2002.

Statistical data from relevant sources (IEA, CONCAWE,
Eurostat), from end 1990s.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 25: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 0
Human toxicity (non cancer) 0
Particulate matter 100
lonizing radiation (Human Health) 0
lonizing radiation (Ecosystems) 0
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0
Eutrophication (marine) 100
Ecotoxicity (freshwater) 0
Resource depletion (minerals, fossil & renewable) 333
Resource depletion (water) 0
Land use 0
Number of considered impacts categories =» first rate 794
Share of elementary flows (%) = second rate 90> 4

64


http://www.fe.doe/international/colbover.html
http://www.mining-technology.com/projects
http://www.mining-technology.com/projects

Rate 4 (poor)

Justification Only 7 impact categories can be assessed and the 90%
of elementary flows are considered.

v Precision/uncertainty

According to dataset, data precision is middle for power plant and good for the hard
coal supply. There is no info about elementary flows; nevertheless the CONCAWE, IEA,
Eurostat or FEI references are considered as Authoritative Sources.

Rate 3 (fair)

Justification Most of references come from relevant literature, defined
as Authoritative Sources (IEA, CONCAWE, Eurostat, FEI...).

Data of mining process from Colombia.
E3 auto-evaluation: data precision is middle/good.

There is no information about the emission factors or
direct emissions.

v" Methodological appropriateness and consistency

Systerm boundaries and EolL modelling

A cradle to gate system is assumed. There is no information about infrastructures,
and there is no information about EoL procedures.

Allocation

No information about allocation procedures, but could be assumed as GEMIS, because
of being the main reference.

Rate 5 (very poor)

Justification Cradle to gate system.

EoL modelling and infrastructures are, generally, not
included. Allocation procedure has not been defined, but
assumed as GEMIS.
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Evaluation: Lignite (Germany)

ELCD/GaBi database DE: Electricity from lignite (AC, mix of direct and CHP,
technology mix regarding firing and flue gas cleaning |
production mix, at power plant | 1kV - 60kV)

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh.

The same previous general comments of ‘DE: Electricity from hard coal’ dataset apply
to this dataset.

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the dataset information and the document provided by the
database developers (PE, 2012a).

Table 26: Basic information used to assess the ELCD/GaBi lignite electricity dataset (DE).

Stage Type Reference Comments
Indigenous production and imports (not
Mineral IEA 2010d considered) of lignite
extraction Fritsche 1999; Brandt 1991;
Gunther 2004; Kolhestatistik Fuel properties
2003
Infrastructure Schwaiger 1996 321(()e hgr/48132‘;:|th 7500 full load hours and a life
IEA 2010a Basic parameters of power plants models
UNFCC 2010 GHGs
EEA 2009 Dust SOz and NOx
UBA 2010a; UBA 2010b; Rentz
' 2002 €O, NMVOC
Combustion Plant: EEA 2006; NERI 2010 Split upon dust emissions
emissions and CEC 1991 Split up of NMVOC
consumptions Gantner 1996; NERI 2010 PAH and dioxins
Gantner 1996; Brandt 1991 Heavy metals and halogens
Gantner 1996 Ammonia slip
BREF 2005; Goldstein 2002; Water use and auxiliaries
Gleick 1994; Rentz 2002
BREF 2005 Allocation impacts
End of Life

Schwaiger 1996

EolL of the power plant

v" Technological representativeness

Regarding the technology description, the basic information extracted from the
dataset, in order to evaluate this criterion, is summarized below:

» The electricity is either produced in a lignite specific power plants and/or
combined heat and power plants (CHP). Also considered are the national and
regional specific technology standards of the power plants in regard to
efficiency, firing technology, flue-gas desulphurisation, NOx removal and de-
dusting.

= The lignite supply considers the whole supply chain of the energy carrier from
exploration, production, processing and transport of the fuels to the power
plants. The supply chain is modelled in a specific national / regional lignite
consumption mix (i.e. domestic production and imports), and considers national
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/ regional average lignite properties (e.g. elemental composition and energy
content).

Regarding basic parameters of the power plant models, the dataset developer has
provided the following information:

= The share between electricity produced in electricity plants and CHP plants, the
efficiencies, the own consumption as well as the share between electricity and
heat output in CHP plants is calculated individually for each specific country
using IEA statistics.

Rate 1 (very good)

Justification Consideration of both the electricity and CHP plants for
producing electricity from lignite using the technology
mix.

Type of plants (PC, SCPC, IGCC, etc.) is not defined but
basic parameters settings have been considered.

v"  Geographical representativeness

Regarding the information included in the dataset, the basic information, in order to
evaluate this criterion, is summarized below.

= The data set represents the average national or region specific electricity
production based on lignite. Main technologies for firing, flue gas cleaning and
electricity generation are considered according to the national or region
specific situation.

This dataset includes ‘DE: Lignite mix’ dataset, which covers the entire supply chain of
lignite. Analogously to any dataset, a technology description is incorporated. The basic
information extracted from the dataset, in order to evaluate this criterion, is the
following.

» The dataset considers the whole supply chain from lignite mining, lignite
upgrading, long distance transport, and regional distribution to the final
consumer. Main technology such as open-pit mining, including parameters like
energy consumption, transport distances, direct methane emissions are
individually considered for each production country. All lignite delivering
countries, including domestic production, contribute by their corresponding
shares to the lignite mix. The mix can be seen for a specific country / region as
average lignite consumed.

» The lignite consumption mix consists nearly exclusively of indigenous
production. Only in some countries/ regions a small amount is imported. The
pie chart presented below represents the lignite consumption mix. The
following figure illustrates that the origin of lignite is domestic.
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Lignite mix - DE

W Germany

Figure 15: Lignite mix production in Germany, in 2009.

Rate 1 (very good)

Justification Domestic production (lignite) has been considered (only
0.02% is imported, so negligible).

Consideration of the most updated data.

v" Time-related representativeness

Regarding the attached time representativeness information of the dataset, the
reference year is 2009 and the dataset is valid until 2014. Moreover, dataset states
that the time representativeness is an annual average.

Statistical data for making the ‘DE: Electricity from lignite’ and ‘DE: Lignite mix’
datasets comes from one of the most updates versions of IEA statistics (IEA 2010a,
IEA 2010b, IEA 2010c, PE 2012a). Furthermore, a large list of references has been
attached in the software information.

However, analogously to the hard coal datasets, some emissions data come from old
references.

Rate 2 (good)

Justification The reference year is 2009.

Updated references have been used (from 2006-2010),
and the main data come from Authoritative Sources, such
as |IEA, EEA or national statistics (UBA). Some emissions
data come from 1990s.

v" Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list (Table 4).
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Table 27: Share of completeness of elementary flows for each impact category (ELCD/GaBi Electricity
from lignite).

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 66.6
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 66.6
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate % =>1
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

96% of elementary flows are considered

v" Precision/uncertainty

Regarding the data selection and combination principles, the basic information
extracted from the dataset, in order to evaluate this criterion, is summarized below.

Key emissions e.g. sulphur dioxide, nitrogen oxide, etc., of the power plants / combined
heat and power (CHP) plants are based on measured operating data taken from
national statistics. All other emissions from the power plants / combined heat and
power plants (CHP) are based on literature data and / or calculated via energy carrier
composition in combination with (literature-based) combustion models. Detailed
power plant models are used, which combine measured (e.g. NO,) with calculated
emission values (e.g. heavy metals). The data on the energy carrier supply chain are
based on statistics with country / region-specific transport distances and energy
carrier composition, as well as industry and literature data on the inventory of
exploration, production and processing. Infrastructure data are from literature. LCI
modelling is fully consistent.

More specifically, the dataset developers have supplied complementary information
regarding the sources of fuel properties; emissions and auxiliary consumption.
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The analysis of the references states that the majority of significant elementary
flows have been obtained from relevant literature (see table in General comments),
with some exceptions that are described below.

Rate 2 (good)

Justification Data of the most important elementary flows come from
relevant literature, as Authoritative Sources (IEA, BREF,
UBA, EEA..)).

Nevertheless, when there is not Authoritative Sources as
references, some emissions sources are outdated (from
1991) and others do not correspond to German
conditions (Denmark, Neri 2010).

v" Methodological appropriateness and consistency

Systerm boundaries and Eol modelling

The datasets for electricity from lignite include the infrastructure of the power plant
as well as EoL of the power plant (Schwaiger, 1996) representing a 900 MW plant,
with 7500 full load hours and a life time of 40 years (PE, 2012a). Regarding the
general flow diagram produce the electricity from lignite, the whole processes have
been covered.

For the whole lignite supply (indigenous production and imports), an average regional
distribution via rail (electric or diesel traction) and / or barge to the main consumer,
like power plants, is calculated. Due to the low calorific value of lignite, usually power
plants are situated very close to the production facilities. Therefore a distance of 10
to 20 km for transportation via rail (diesel or electric traction) is calculated.

Electricity from Lignite
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Figure 16: Flow diagram (system boundaries) of electricity from lignite production.

Allocation

The extracted information from ‘Modelling and validation: LCI method and allocation’
is the following:
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e LCl method principle: Attributional =» Situation A
e LCl methods approach: Allocation (market value, exergetic content).

e Deviations from LCI method: For the combined heat and power (CHP)
production allocation by exergetic content is applied. The so called quality
factor to express the exergy is 1 for electricity and 0.33 for heat (135°C and 6
bar) (BREF, 2005). Electricity and power plant by-products, i.e. gypsum, boiler
ash and fly ash are allocated by market value due to no common physical
properties.

e Modelling constants: All data used in the calculation of the LCI results refer to
net calorific value.

Rate 1 (very good)

Justification Situation A.
Dataset includes a ‘cradle-to-grave’ system process.
Dataset comprises EoL, infrastructure and transports.

Allocation procedure has been applied by the exergetic
content (heat and power) and market value (by-products).
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Ecoinvent database Electricity, lignite, at power plant/DE

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh. The module
describes the electricity production of an average plant for the country.

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the dataset information and the document Ecoinvent (2007).

Table 28: Basic information used to assess the Ecoinvent lignite electricity dataset.

Stage Type Reference Comments
Mineral Mines EU conditions from DE, AT, GR, FY, CZ and ES
extraction Roder 2004 (19805-19905). 3
Relevant infrastructure from RU and DE conditions
Transport _ -
Fuel properties ot referenced Lignite processing at one plant in DE (1990s)
Production Rheinbraun 1993 From a German plant
Combustion Emissions Rider 2004 Complete emission data
Infrastructure 2 exemplary lignite and hard coal units with 100
Not referenced MW and 500 MW power rate, years 1980s
Plant step Not referenced 700 hard coal and lignite plants, year 2000
End of Life B _

v" Technological representativeness

Regarding the technology description about electricity from lignite described in the LClI
report (Ecoinvent, 2007) and the dataset tidings, the basic information, in order to
evaluate this criterion, is summarized below.

» Technology: Average installed technology. The module uses the average net
efficiency of German lignite power plants (33.1%).

» The modelling of the power plant step of the coal chain is based on a
database containing data of about 700 hard coal and lignite power units in
Europe, reflecting conditions around year 2000.

= The modelling of the power plant (with an average technology in 1980s) is
based in two reference plants with 100 MW and 500 MW have been
considered. The module represents a mix with a share of 30% and 70%,
respectively.

Rate 2 (good)

Justification The technology aspects have been modelled as an
average plant in German conditions.

No information about the type of plants

Infrastructure is based in two units from 1980s.
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v" Geographical representativeness

Regarding the information included in the dataset, data is country specific. Lignite
mining is modelled for average European conditions, using data from Germany in the
1980s and 1990s. Electricity production at lignite power plants is analysed for

Germany.

This dataset includes “Lignite burned in power plant DE’ dataset, which covers the
entire supply chain of German lignite. This dataset includes ‘Lignite power plant, RER’

and ‘Lignite at mine, RER’, and both consider European conditions.

Rate 2 (good)

Justification Use of average Europe conditions (RER) in lignite mining
and power plant model.

v" Time-related representativeness

Regarding the information of the dataset, the time period is 1993-2000 (1980-1992
for lignite plants). References from Ecoinvent (2007) report and dataset come from
1991-2004; with data extracted mainly from 1990s.

Rate 2-3 (good-fair)

Justification The reference year for technology is 1993-2000.

The reference year for plants is 1980-1992.

There is no much specific information but, in general
terms, reference year period is 1991-2004. Data come

mainly from 1990s.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the

reference list from the pre-analysis.

Table 29: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
0Ozone depletion 100
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate 100> 1
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Rate 1 (very good)

Justification The whole impact categories can be assessed and the
100% of elementary flows are considered

v Precision/uncertainty

Like in the ‘Electricity from hard coal, DE’ dataset, the main reference is Roder et al.
(2004), with a most updated version from Dones et al. (2007).

Main emissions are determined using information from country-specific literatures
from the modelling of several lignite power plants in Europe.

Rate 2 (good)

Justification Main reference is an internal document, which determines
that main emissions come from calculated data from
power plants, found in literature.

v" Methodological appropriateness and consistency

Systerm boundaries and EolL modelling

The following figure shows the flow charts with the modelled steps of the assessed
lignite system (including lignite in power plant, RER).

The module includes materials, energy and transport requirements used for
construction of the plant. Disposal of material after decommissioning is also included.
Infrastructure is also considered.

Regarding the final treatments, the same considerations as defined in ‘Electricity,
hard coal, at power plant, DE’ dataset have been taken into account.
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Fig. 6.1 Schematic picture of the modelled lignite chain.
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Figure 17: Modelled lignite chain in Ecoinvent (2007).
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Allocation

There is no specific information on allocation procedures of lignite to produce
electricity, but energy content allocation has been assumed.

Situation A is assumed.

Rate 2 (good)

Justification Situation A.

Dataset includes a ‘cradle-to-grave’ system process but it
does not comprise EoL or dismantling.

There is info about final treatments of outputs.
Infrastructure is included.

Allocation procedure by energy content has been
considered.
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GEMIS database Lignite-ST-DE-2010 Rhine
Lignite-ST-DE-2010 Lausitz

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one TJ.

Two datasets have been considered for assessing the production of electricity from
lignite in Germany; because of representing two different areas of the country.

v" Technological representativeness

Regarding the technology description, both datasets’ data come from a pulverized
coal steam-turbine power plant for West-German (Rhine) and East-German (Lausitz)
lignite, with FGD and low NO, burner.

Rate 3 (fair)

Justification The technology aspects have been modelled by single
plants sited in Germany, one of them a coal power plant.

v"  Geographical representativeness

Regarding the extracted information of the dataset in the software, there are no
imports of lignite, so the production is 100% domestic.

Rate 2 (good)

Justification Domestic production of lignite.

Plants are sited in Germany.

v' Time-related representativeness

The reference year is 2010, and the literature comes from Oko-Institut (1994, 2003)
and UBA (2007).

Rate 3 (fair)

Justification Reference year is 2010.

Literature comes from Oko Institute reports from 2001-
20089.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.
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Table 30: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) o*
lonizing radiation (Ecosystems) 0*
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0**
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 33.3%>
Resource depletion (water) 100
Land use 50
Number of considered impacts categories =» first rate 122
Share of elementary flows (%) =» second rate 90> 2

* Nuclear waste is included but elementary flows are not defined. ** Inorganic salt is included but
elementary flows are not defined. *** Nuclear resources are included but elementary flows are not

defined.
Rate 2 (good)
Justification 12 impact categories can be assessed and 90% of

elementary flows are considered.

v Precision/uncertainty

Regarding the extracted information from the dataset, data sources come from Oko

Institute reports.

There is no information about each elementary flow or emission factors other than

GHGs emissions.

Rate

3-4 (fair-poor)

Justification

Data comes from Oko Institute reports.

GEMIS auto-evaluation: good (primary data).

There is no information about the emission factors or

direct emissions.
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v" Methodological appropriateness and consistency

System boundaries and Fol modelling

Figures show a ‘cradle-to-grave’ scenario for producing electricity from lignite in
Rhine and Lausitz (Germany).

Infrastructure is included in a German scenario, but EoL modelling is not included.

lignite

®kra-genericwater I lignite-5T-DE-2010-rhine
mkra-surface'lignite-DE-rhine-2010

lignite-5T-DE-2010-rhine
Figure 18: Flow diagram of electricity from lignite production in Rhine (DE), from GEMIS.

lignite
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wkra-generichwater |
lignite-5T-DE-2010-Lausitz

Figure 19: Flow diagram of electricity from lignite production in Lausitz (DE), from GEMIS

Allocation

According to the extracted information of the software, situation A is assumed and
allocation procedures are considered, but not defined.

Rate 3 (fair)

Justification Situation A. Dataset includes a ‘cradle-to-grave’ system
process but it does not comprise EoL. Infrastructure is
included.

Allocation procedure has been applied, but it has not been
defined.
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E3 database Power Station / Lignite ST / Rhine GER
Power Station / Lignite ST / Lausitz GER
Power Station / Lignite ST CHP / Leipzig

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh.

Three datasets have been considered for assessing the production of electricity from
lignite in Germany; because of representing three different areas of the country.

Most of the data come from GEMIS and Ecoinvent databases.

v" Technological representativeness

Regarding the technology description, data of the three datasets come from
pulverized coal steam-turbine power plants sited in each region.

Rate 3 (fair)

Justification The technology aspects have been modelled by single
plants sited in Germany.

v"  Geographical representativeness

Regarding the extracted information of the dataset in the software, there are no
imports of lignite; mines are much closed to the plants, so the production is 100%
domestic.

Rate 2 (good)

Justification Domestic production of lignite.

Plants sited in Germany.

v' Time-related representativeness

The reference years and the literature for each dataset are the following:
e Lignite from Lausitz (year 2010) =» GEMIS (2011), Ecoinvent (2007)

e Lignite from Rhine and Leipzig (year 1994) =» GEMIS (2002, 2009), Ecoinvent
(2007), DGMK (1992).

Rate 3-4 (fair-poor)

Justification The reference year of Lausitz plant is 2010 and data
come from databases (GEMIS and Ecoinvent).

In case of the rest plants, the reference year is 1994
and data come from databases (GEMIS and Ecoinvent)
and Business Associations (DGMK) from 1992.
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v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 31: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 0
Human toxicity (non cancer) 0
Particulate matter 100
lonizing radiation (Human Health) 0
lonizing radiation (Ecosystems) 0
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0
Eutrophication (marine) 100
Ecotoxicity (freshwater) 0
Resource depletion (minerals, fossil & renewable) 333
Resource depletion (water) 0
Land use 0
Number of considered impacts categories = first rate 794
Share of elementary flows (%) =» second rate 902> 4
Rate 4 (poor)

Justification Only 7 impact categories can be assessed and the 90%

of elementary flows are considered.

v" Precision/uncertainty

According to dataset, data precision is good/middle for the power plants and middle
for the lignite supply. There is no info about elementary flows; nevertheless the
Ecoinvent and DGMK references could be considered as relevant.

Rate 3-4 (fair-poor)

Justification Most of references come from relevant literature, but not
considered as Authoritative Sources.

E3 auto-evaluation: data precision is middle/good.

There is no information about the emission factors or
direct emissions.
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v' Methodological appropriateness and consistency

System boundaries and Fol modelling
A cradle to gate system is assumed.

There is no information about infrastructures (only in case of Lausitz plant, the
construction time is considered - 3 years-).

There is no information about EoL procedures.
Allocation

No information about allocation procedures, but could be assumed as GEMIS, because
of the references.

Rate 4-5 (poor-very poor)

Justification Cradle to gate system.

EoL modelling and infrastructures are, generally, not
included.

Allocation procedure has not been defined, but assumed
as GEMIS.
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Evaluation: Natural gas (United Kingdom)

ELCD database GB: Electricity from natural gas (AC, mix of direct and CHP,
technology mix regarding firing and flue gas cleaning |
production mix, at power plant | 1kV - 60kV)

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh.

The same previous general comments of ‘DE: Electricity from hard coal’ dataset have
been considered.

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the dataset information and the document provided by the
database developers (PE, 2012a).

Table 32: Basic information used to assess the ELCD NG electricity dataset (GB).

Stage Type Reference Comments

NG supply IEA 2010d Indigenous production and imports of NG
Grote 1997 Fuel properties

Transport Not referenced Pipeline and LNG tanker

350 MW plant, with 7000 full load hours and a life

Infrastructure Schwaiger 1996 time of 40 years
IEA 2010a Basic parameters of power plants models
UNFCC 2010 GHGs
EEA 2009 Dust 502 and NOx
UNFCC 2010; DECG; 2010,
: 4 ’ CO, NMVOC
Combustion lan: Grote 1997; EEA 2009
Plant: EEA 2006 Split up of dust emissions
emissions and " Ciseri 1996 Split up of NMVOC
consumptions Not ref 502
Ciseri 1996 Benzolalpyren
Gantner 1996; BREF 2005 Ammonia slip
BREF 2005; Rentz 2002 Water use and auxiliaries
BREF 2005 Allocation impacts
End of Life Schwaiger 1996 EoL of the power plant

v" Technological representativeness

Regarding the technology description, the basic information extracted from the
dataset and the dataset provider (PE, 2012a), in order to evaluate this criterion, are
the following.

= The electricity is either produced in a natural gas specific power plants and/or
combined heat and power plants (CHP). Also considered are the national and
regional specific technology standards of the power plants in regard to
efficiency, firing technology, flue-gas desulphurisation, NOx removal and de-
dusting.

= The natural gas supply considers the whole supply chain of the energy carrier
from exploration, production, processing and transport of the fuels to the
power plants. The supply chain is modelled in a specific national natural gas
consumption mix (i.e. domestic production and imports), and considers national
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average natural gas properties (e.g. elemental composition and energy
content).

According to the basic parameters of the power plant models, the dataset developer
has provided the following information:

= The share between electricity produced in electricity plants and CHP plants, the
efficiencies, the own consumption as well as the share between electricity and
heat output in CHP plants is calculated individually for each specific country
using IEA statistics.

Rate 1 (very good)

Justification Consideration of both the electricity and CHP plants for
producing electricity from natural gas. Use of the
technology mix.

Type of plants is not defined but basic parameters
settings have been considered.

v"  Geographical representativeness

Regarding the information included in the dataset, the basic information, in order to
evaluate this criterion, is the following.

» The data set represents the average national specific electricity production
based on natural gas. Main technologies for firing, flue gas cleaning and
electricity generation are considered according to the national specific
situation.

This dataset includes ‘GB: Natural gas mix’ dataset, which covers the entire supply
chain of natural gas. Analogously to any dataset, a technology description is
incorporated. The basic information extracted from the dataset, in order to evaluate
this criterion, is the following.

» The dataset considers the whole supply chain of natural gas, i.e. exploration,
production, processing (e.g. desulphurisation) and in case of LNG import,
liquefaction / regasification of LNG, the long distance transport and the
regional distribution to the final consumer. Losses occurring during
transportation via pipeline or vessel are included.

» The following figure illustrates the origin and the share of imported (and
domestic) natural gas in UK considered in the dataset.
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Natural Gas Supply - GB

0.07% 0.07%
- 1.70%
¥ 0.51%
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0.16% M Algeria LNG
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22.47% B United Kingdom
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Norway
m Norway LNG
Qatar LNG
7.59% Turkey
9 Trinidad and Tobago LNG
United States LNG
Figure 20: Origin of natural gas in UK, 2009.
Rate 2 (good)
Justification Domestic production and imports of raw materials

(natural gas) have been considered.

Countries of origin of the natural are the same as those
defined in the pre-analysis although respective shares
slightly differ (e.g. NG imports from Qatar have increased
considerably from 2009 to 2011).

v" Time-related representativeness

Regarding the attached time representativeness information of the dataset, the
reference year is 2009 and the dataset is valid until 2014. Moreover, dataset states
that the time representativeness is an annual average.

Data for making the ‘GB: Electricity from natural gas’ and ‘GB: natural mix’ comes
from one of the most updates versions of IEA statistics (IEA 2010a, IEA 2010b, IEA
2010c, PE 2012a). Furthermore, a large list of references has been attached in the
software information.

Rate 2 (good)

Justification The reference year is 2009.

Updated references have been used (from 2006-2010),
and the main data come from Authoritative Sources, such
as IEA, EEA or national statistics (DECC 2010). However,
some emissions come from 1990s.
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v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from Table 4.

Table 33: Share of completeness of elementary flows for each impact category (ELCD Electricity from
NG).

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 66.6
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 66.6
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate %=1
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

96% of elementary flows are considered

v" Precision/uncertainty

Regarding the data selection and combination principles, the general information
extracted from the dataset, in order to evaluate this criterion, is the same as ‘DE:
Electricity from hard coal’ dataset.

Dataset developers have supplied complementary information regarding the sources
of fuel properties; emissions and auxiliary consumption.

The analysis of the references states that the majority of significant elementary
flows have been obtained from relevant literature (see table in General comments),
with some exceptions that are described below.

85



Rate 2 (good)

Justification Data of the most important elementary flows come from
relevant literature, as Authoritative Sources (IEA, BREF,
EEA, UNFCCC...).

For those emissions from which there is no information
coming from Authoritative Sources, the studies used as
reference, are in some cases outdated (CEC, Ciseri, from
1990s).

v" Methodological appropriateness and consistency

Systerm boundaries and Eol modelling

The datasets for electricity from natural gas include the infrastructure of the power
plant as well as end-of-life of the power plant (Schwaiger, 1996) representing a 350
MW plant, with 7000 full load hours and a life time of 40 years (PE, 2012a).
Regarding the general flow diagram to produce the electricity from hard coal, the
whole processes have been covered.

Electricity from Natural Gas

Natural Gas Natural Gas ::tv:erflp(l;::t
Production Transport sl

Country 1

Natural Gas Natural Gas Natural Gas Natural Gas Natural (';mt Electrici
Production Transport Mixer Transport POwer poan ClEE]
use ase
Country 2
Natural Gas Natural Gas Natural Gas
Production Transport P°W§' plant
oL
Country 3
L]
®
®
Country n

Figure 21: Flow diagram (system boundaries) of electricity from natural gas production.

Allocation

The extracted information from ‘Modelling and validation: LCI method and allocation’
is the following:

= |LCl method principle: Attributional =» Situation A
» LCl methods approach: Allocation (net calorific, exergetic content).

= Deviations from LClI method: For the combined heat and power (CHP)
production allocation by exergetic content is applied. For the combined crude
oil, natural gas and natural gas liquids (NGL) production allocation by net
calorific value is applied.
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= Modelling constants: All data used in the calculation of the LCI results refer to

net calorific value.

Rate

1 (very good)

Justification

Situation A.

Dataset includes a ‘cradle-to-grave’ system process.
Dataset comprises EoL and infrastructure.

Dataset includes transports.

Allocation procedure has been applied by the exergetic
content (heat and power) and market value (by-products).
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Ecoinvent database Electricity, natural gas, at power plant/GB

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh.

The system model ‘Natural Gas” describes the production, distribution and
combustion of natural gas for industrial and domestic applications in Switzerland and
Western Europe. The inventory datasets for natural gas include gas field exploration,
natural gas production, natural gas purification, long distance transport, regional
distribution and combustion in boilers and power plants. The inventories for all these
steps account for energy and material requirements, production wastes, and the
production of the infrastructure as well as air- and waterborne pollutants. Transport
services needed to supply the processes with energy and materials are included, as
well as waste treatment processes.

In order to represent current electricity production in Europe, average installed natural
gas and industrial gas power plants have been considered. Additionally, a dataset for
the most advanced combined cycle technology currently available at the market has
been included.

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the dataset information and the document Ecoinvent (2007).

Table 34: Basic information used to assess the Ecoinvent NG electricity datasets.

Stage Type Reference Comments

Jungbluth 2003; MEZ 2000;
OLF 2001; WEG 2001

NG supply Nisbet 2001; OLF 2001, Faist Production in North Sea, onshore Germany, Algeria,
Emmenegger 2004 Russia and Nigeria
Ardstegui 2007; DGMK 1992;
SWISSGAS 1999; ExternE 1999

NG exploration: drilling and demand

Fuel properties

Snam 1999, 2000; personal

Long distance communications with industrial Pipeline and LNG tanker and freight ship

Transport experts
Regional l;';?:s: Zlggg Reichert 2000; Regional distribution and supply
Infrastructure 400 MW plant in Germany, electric efficiency
KMW 2002 =8.4%
Combustion Plant: Faist Emmenegger 2004 Fuel consumption
emissions and IEA 2001 Electricity consumption
consumptions gy 2002 Emissions
End of Life _ _

v" Technological representativeness

Regarding the technology description about electricity mix and network described in
the LCI report (Ecoinvent, 2007) and the dataset information, the basic information, in
order to evaluate this criterion, is summarized below.

e Technology: Average of installed power plants.

e In general, the datasets “electricity, natural gas, at power plant” refers to
average natural gas power plants operating around year 2000 in the specified
country or region. For the modelling of the infrastructure, a capacity of about
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100 MWe has been assumed. For electricity production at a standard gas
turbine of about 10 MWe, only a dataset describing generic worldwide
conditions is provided. The modelled combined cycle power plant has a power
rate of about 400 MWe (265 MWe from the gas turbine and 135 MWe from
the steam engine). It is assumed to be located in Europe.

e The module calls the module 'natural gas, burned in power plant, GB’, which in
turn includes fuel input from high pressure (GB) network, infrastructure,
emissions, and substances needed for operation. The module uses the average
net efficiency of natural gas power plants in GB (estimated from IEA 2001).
This dataset calls the module ‘natural gas, high pressure, at consumer, GB’,
which fuel input from high pressure (GB) network, infrastructure, emissions to
air, and substances needed for operation. This dataset describes the energy
requirements and the emissions of the high pressure distribution network in
Great Britain.

e The dataset ‘gas power plant, RER, 1000 MWe’ is included.

e General information about the life cycle stages previous to the burning in the
power plant, i.e. exploration, production, purification, transport and distribution,
can be consulted in the dataset information.

Rate 2 (good)

Justification The technology aspects have been modelled as an
average plant in Europe, based in a CHP plant sited in
Germany.

v" Geographical representativeness

Regarding the information included in the dataset, data is country specific. Dataset
includes the following:

e 'natural gas, burned in power plant, GB'.
e ‘natural gas, high pressure, at consumer, GB’.

e ‘natural gas, production GB, at long-distance pipeline, RER’. This dataset
describes the transport needed for an average export of English natural gas.

e ‘natural gas, at production offshore, GB'.

The share of 100% of NG comes from offshore GB (mainly offshore production in
North Sea).According to the pre-analysis, imports of natural gas are not considered,
and so only the 50-60% of the total natural gas burned in power plants is considered.

Rate 4 (poor)

Justification The whole origin of natural gas is domestic (offshore UK
natural gas).

Imports are not considered, which represent the 40-50%
of raw material in 2009.
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v" Time-related representativeness

Regarding the information of the datasets, the time periods are the following:

‘natural gas, at power plant, GB’: 1990-2000.

e 'natural gas, burned in power plant, GB’: 1990-2000.

e ‘natural gas, high pressure, at consumer, GB: 1997-2000.

e ‘natural gas, production GB, at long-distance pipeline, RER”: 2001.
e ‘natural gas, at production offshore, GB’: 1998-2000.

References in Ecoinvent (2007) report and dataset come from 1990-2001 (see Annex
1); with data extracted mainly from 1990s

Rate 2 (good)

Justification The reference years are 1990s.

There is no much specific information but, in general
terms, reference year period is 1990s. Data come mainly
from 1990s (statistical reports).

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 35: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 100
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate 100> 1
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Rate 1 (very good)

Justification The whole impact categories can be assessed and the
100% of elementary flows are considered

v Precision/uncertainty

Regarding the information from Ecoinvent (2007) report, the main reference is Faist-
Emmenegger et al. (2004).

Main emissions and technology aspects in the power plant are determined using
information from a plant sited in Germany in 2001. NG input, electricity production,
and calculated efficiencies of NG power plants in UCTE countries, come from IEA
statistics for 1999 (IEA, 2001).

Rate 2 (good)

Justification Main reference is an internal document, which determines
that main emissions come from calculated data from a
German power plant, found in literature.

Relevant Authoritative Sources, as IEA, have been also
considered.

v" Methodological appropriateness and consistency

Systerm bounaaries and Fol. modelling

The following figure shows modelling for the gas production chain. The natural gas
upstream chain is modelled with the following process steps: natural gas production
(which includes exploration, production at field, purification), long-distance
transportation, regional distribution, and local supply. EoL modelling is not included,
while infrastructure is considered.

4 I

Exploration/production

Processing

Long distance transport

Regional distnbution

Local distribution

Boilers Power plants
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Figure 22: Overview of the modelling for the gas production chain (Ecoinvent 2007).

Allocation

According to the Ecoinvent report (2007), the allocation for the combined oil and gas
production (in CHPs) is based on the lower heating value (net calorific value) of crude
oil and natural gas.

Situation A is assumed.

Rate 2 (good)

Justification Situation A.

Dataset includes a ‘cradle-to-grave’ system process but it
does not comprise EoL.

Infrastructure is included.

Allocation procedure by energy content has been
considered, in case of CHPs.
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GEMIS database Gas-CC-UK-2010

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one TJ.

v" Technological representativeness

Regarding the technology description, data come from a large gas-fired combined-
cycle (CC) power plant, with a low-NOy burner.

Rate 3 (fair)
Justification The technology aspects have been modelled by a single
plant.

v" Geographical representativeness

Regarding the extracted information of the dataset in the software, the following
table shows the share of imports and the domestic production of natural gas.

Table 36: Imports and domestic production of NG in UK, in 2010 (GEMIS Database).

Dataset Share (%)
UK - United Kingdom (Domestic) 86,5
NO - Norway (pipeline) 6

RU - Russia (pipeline) 5

DZ - Algeria (liquefaction) 2,5

Regarding the correspondence with the countries detailed in the pre-analysis, almost
the most of supplier countries are considered (approx. 80% of production is fulfilled):

- UK =» United Kingdom (60-70%).
- NO =>» Norway (20%).
- DZ =» Algeria (19%).

Rate 4 (fair)

Justification The countries that dataset includes almost fulfills the
supply defined in the pre-analysis (approx.80%).

NG imports from Qatar have increased considerably from
2009 to 2011 and have not been taken into account.

No definition of the location of the plant.

v" Time-related representativeness

The reference year is 2010, and the literature comes from Oko-Institut (Institut fiir
angewandte Okologie e.V.) (1994 [not found], 2003) and BMU (2002 [not found]).

Rate 4 (poor)

Justification Reference year is 2010.
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Main literature comes from Oko reports from 1994-2003.
Data cannot be checked.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 37: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 0"
lonizing radiation (Ecosystems) 0*
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0**
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 33.3*>
Resource depletion (water) 100
Land use 50
Number of considered impacts categories = first rate 12=>2
Share of elementary flows (%) =» second rate 90> 2

* Nuclear waste is included but elementary flows are not defined.
** Inorganic salt is included but elementary flows are not defined.

*** Nuclear resources are included but elementary flows are not defined.

Rate 2 (good)

Justification 12 impact categories can be assessed and 90% of
elementary flows are considered.

v Precision/uncertainty

Regarding the extracted information from the dataset, main data sources come from
Oko Institute reports, where data cannot be checked.

There is no information about each elementary flow or emission factors.

Rate 4 (fair)

Justification Main data comes from Oko Institute reports, which
cannot be checked.

GEMIS auto-evaluation: secondary data.

There is no information about the emission factors or
direct emissions.
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v' Methodological appropriateness and consistency

System boundaries and Fol modelling

Figures show a ‘cradle-to-grave’ scenario for producing electricity from NG in United
Kingdom.

Infrastructure is included in a German scenario, but EoL modelling is not included.

natural gas

I = 0 55-3T-Morth Sea-2010

wtra-offshorelgas-UK-2010
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gas—CC—II_IK—EEIlD

Figure 23: Flow diagram of electricity from NG production in UK, from GEMIS

Allocation

According to the extracted information of the software, situation A is assumed and
allocation procedures are considered, but not defined.

Rate 3 (fair)

Justification Situation A.

Dataset includes a ‘cradle-to-grave’ system process but it
does not comprise EoL.

Infrastructure is included.

Allocation procedure has been applied, but not defined.
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Results, findings and recommendations

ELCD fossil fuels datasets achieve the highest scores in the quality criteria related to
technological representativeness, completeness and methodology. The other criteria
are rated with a score of 2. Taking into account the analysis, some recommendations
are derived. Regarding TeR criterion, as already mentioned in the electricity mix
section, carbon capture and storage (CCS) technologies could be included due to the
importance in future environmental scenarios, as stated in several studies (e.q.
Koornneef et al 2008; Stanley et al 2012). Several prospective clean coal, lignite and
natural gas electricity scenarios can be developed and included in the ELCD. This is
made in other databases studied such as in GEMIS.

Similarly to what happened with the electricity mix dataset, completeness criterion is
95% fulfilled when looking at the relevant elementary flows. In order to fully meet
the criterion the following elementary flows have to be considered: Halon 12113 for
ozone depletion; and indium for resource depletion impact category. ELCD coal
datasets make use of a kind of “top-down” approach to account for the emissions of
the technology mixes. In this sense, nationally reported emissions from the coal and
lignite sector are used to quantify a number of relevant emissions of the dataset. This
is considered a good approach as it makes use of authoritative sources such as
UNFCC reporting framework, the Directive 2001/80/EC reporting framework and the
UNECE Convention on Long range Transboundary Air Pollution (CLRTAP) reporting
frameworks. However, when elementary flows, direct emissions or emission factors
cannot be reported using these relevant authoritative sources in ELCD datasets, data
from literature are used. In some lignite datasets, even some relevant emissions (not
reported by some countries under the above mentioned frameworks) have been
extrapolated from other countries leading to a high degree of uncertainty. The use of
some of the Ecoinvent reported emissions based on data from a large power plant
database in Europe could improve the results.

ELCD uses as main source for pollutant emissions those established in the Directive
2001/80/EC on the limitation of emissions of certain pollutants into the air from large
combustion plants. The European Pollutant Release and Transfer Register (E-PRTR)
(http://prtr.ec.europa.eu/) is a Europe-wide register that provides easily accessible key
environmental data from industrial facilities in European Union Member States and in
Iceland, Liechtenstein, Norway, Serbia and Switzerland. It can be also highlighted that
the ELCD also uses this relevant authoritative source to complete and cross check the
inventories of fossil fuels electricity datasets.

Finally, Business Associations publications are useful for achieving precise and
updated inventories. The European Association of Coal and Lignite (Euracoal,
www.euracoal.be), the Union of Electricity Industry (Eurelectric, www.eurelectric.org)
and the European Association of Gas Wholesale, Retails and Distribution Sectors
(Eurogas, www.eurogas.be) publish EU data facts and statistics of raw material
production and power generation that can be used. Other Authoritative Source that
could be useful in future version is the Gas Infrastructure Europe fvww.gie.eu.com), a
European association representing the infrastructure industry of natural gas, such as
the Transmission System Operators, Storage Systems Operator and Terminal
Operators. Technical data can be also reviewed from the Technical Association of the
European Natural Gas Industry MARCOGAZ (www.marcogaz.org).

13 See footnote 12
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Table 38: Findings and recommendations summary for ‘Electricity from hard coal’ dataset.

. ELCD data quality ELCD data quality ELCD data quality Findings or recommendations for
Indicator . . ) . .
rating (DE) rating (GB) rating (PL) improving
TeR 1 1 1 Inclusion of CCS technologies
GR 2 1 1 -
TiR 2 2 2 -
Consideration of more pollutants as
C 1 1 1 Ecoinvent dataset: Halon 1211, 1301
and indium.
Use of some emissions data from
Ecoinvent based on primary data. Use of
P 2 2 2 ) .
Business Associations data as
Authoritative Sources
M 1 1 1 -

Table 39: Findings and recommendations summary for ‘Electricity from lignite’ dataset.

ELCD data ELCD data ELCD data ELCD data - .
" ] ) - - h - - - Findings or recommendations
Indicator quality rating quality rating quality rating quality rating for improvin
(DE) (PL) (€ (GR) proving
TeR 1 1 1 1 Inclusion of CCS technologies.
GR 1 2 3 3 -
TiR 2 2 2 3 -
Consideration of more
C 1 1 1 1 pollutants as Ecoinvent dataset:
Halon 1211 and indium.
Use of some emissions data
from Ecoinvent based on
P 2 2 3 3 primary data. Use of Business
Associations data as
Authoritative Sources.
M 1 1 1 1 -

Table 40: Findings and recommendations summary for ‘Electricity from natural gas’ dataset.

ELCD data ELCD data ELCD data ELCD data - .
" ; A . A ) - ; - Findings or recommendations
Indicator quality rating quality rating (IT) quality rating quality rating for improvin
(GB) (DE) (ES) proving
TeR 1 1 1 1 Inclusion of CCS technologies.
GR 2 1 1 1 -
TiR 2 2 2 1 -
Consideration of more
C 1 1 1 1 pollutants: Halon 1211 and
indium.
2 2 2 2 -
M 1 1 1 1 -
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3.3, Electricity from nuclear power

Evaluation: France

ELCD database FR: Electricity from nuclear power (AC, technology mix of
BWR and PWR | production mix, at power plant | 1kV -

60kV)

v" General comments and/or relevant information

The data set covers all relevant process steps and technologies along the supply
chain. The country / region specific share of boiling water reactor (BWR) and
pressurized water reactor (PWR) is taken into account as well as the country / region
specific nuclear fuel supply chain. The inventory is partly based on primary industry
data, partly on secondary literature data. Radioactive waste refurbishment, if any, is
modelled. Radioactive waste disposal is not modelled since there is globally no
permanent disposal site in operation. Relevant information about the sources of data
is summarized in the following table (references in bold are assumed as Authoritative
Sources or Business Associations) It has been extracted from the dataset information

and the document provided by the database developers (PE, 2012a).

Table 41: Basic information used to assess the ELCD nuclear electricity dataset.

Stage Type Reference Comments
Dones 1996 US mines
Mining Not referenced Cross checked with Namibia and Australia mines
IPPNW, 2010 Uranium supply
Milli Dones 1996 -
iting Not referenced Cross checked with Namibia and Australia mills
Wet Perkin 1982 Sequoyah plant in USA
Conversion Dry Dones 1996 data scaled
WNA 2010 mix information
URENCO 2009 power consumption, thermal gngrgy, watgr
Centrifuge demgnd and‘ hglogenated em|55|or'1$ to air
URENCO 2008 Uranium emissions to water and air
Dones 1996 inorganic emissions, hydrocarbons and dust to air
. power consumption, thermal energy, water
Enrichment AREVA 20032 y AREVA 2003b demand and halogenated emissions to air
Diffusion Dones 1996 Uranium emission; to waterl and .air, Al, Cr and
hydrocarbons to air, low radioactive waste
Dones 1996 r114 emissions to air
WNA 2010 Technology mix
AREVA 2009d Input of power, thermal energy, enriched uranium
Fuel and water
fabrication Dones 1996 Radioactive anq non-radioactive emissions to
water and to air
Fusion tech.Institute 1999 Fuel usage
React Van der Strict 2005 Radioactive emission values from 2000-2003
eactors UCTPE, 1992 Auxiliary materials
WNA 2010 Technology mix
AREVA 2009¢ Engrgy and wgter demand, input materials,
emissions to air and water and waste data
DOE, 1979 (US data) Input materials
Reprocessing DWK, 1998 (German data) ElectricityAand thermal energy lclemanld, water
consumption and non-radioactive emissions
BNFL, 1992 (UK data) Radioactive emissions to air and water
NAGRA, 1985b (Swiss data) Waste data
End of life Ef;iza:tlve SOCODEI, 2010 (Codolet facility = Energy demand, emissions to air and water and
in France) wastes
management

Interim storage

NAGRA, 1985b (Swiss data)

Energy consumption

LLW, MLW No emissions considered
Final

repositories Not considered
SF/H_ILW)
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v" Technological representativeness

Regarding the technology description, the basic information is obtained from the
dataset and the information provided by the dataset developer (PE, 2012a). In order
to evaluate this criterion the information extracted in the previous table has been
considered.

The technology aspects have been modelled taking into account accurately the
German technology mix.

Rate 1 (very good)

Justification The technology aspects have been modelled as the
German technology mix.

v"  Geographical representativeness

According to the information provided by de dataset supplier (PE, 2012a), the
uranium supply mix for France in 2010 is showed in the following table.

Table 42: Uranium supply mix for France and Germany in 2010 (IPPNW, 2010; PE, 2012a)

FR DE
Share

Supply mix | tU (%) model | UN oF Supply mix | tU % model | UN oP
Australia 4595 | 27.6| AU 12.6%| 25.5% | | Canada 2428 | 52.2 (AU 6.5% | 9.8%
Canada 3011| 18.1|CA 20.7% ) 4.2% | |USA 597 12.8(CA 60.2% | 9.5%
Niger 3859 | 23.2|ZA 14.2%| 17.8% | | Australia 569 | 12.2|ZA 6.2%| 7.8%
Kazakhstam| 1440( 8.7|RU 4.9%|x Niger 485 | 104 |Total |72.9%|27.1%
Usbekistan | 1103 6.6 | Total 52%| 48%| |Kazakhstan 190 4.1

Usa 241 5.1 Usbekistan 148 3.2

Russia 590 3.5 Russia 84 1.8

Others 1203 7.2 Others 148| 3.2

Total 16642 | 100% Total 4649 | 100%

Emissions from mining and milling were taken from literature (Dones 1996)
corresponding to USA mines and mills. It has been cross checked with real data from
Namibia and Australia but no reference is provided. Conversion activities are carried
out in France but data is taken from a USA conversion plant. Enrichment activities are
also carried out in France and data from French facilities are considered although for
some emissions data from Dones 1996 (corresponding to Swiss facilities) is
considered. The same can be said for fuel fabrication. For electricity generation
activities, data from French reactors is considered. Reprocessing activities are carried
out in La Hague (France). Some data correspond to this plant while other data are
extrapolated from other facilities in the US. Disposal of low and intermediate level
activity waste is performed in France but data used is extrapolated from a Swiss
facility.
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Rate 2 (good)

Justification The geographical aspects have been modelled using data
from the countries where the activities are happening but
with some exceptions in important stages like milling and
reprocessing.

v' Time-related representativeness

Regarding the attached time representativeness information of the dataset, the
reference year is 2009 and the dataset is valid until 2014. Moreover, dataset states
that the time representativeness is an annual average.

Data for making the ‘FR: Electricity from nuclear power’ comes from a large list of
references that has been attached in the software information. Some important
sources of data are quite old documents such as Dones, 1996; Perkin, 1982; DWK,
1988; DOE, 1979; and NAGRA 1985a, 1985b.

Rate 3 (fair)

Justification Reference year 2009. Main data from IEA (2010) (data
for 2009). Some important references are documents
with more than 20 years.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 43: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
0Ozone depletion 100
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate 10021
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

100% of elementary flows are considered
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v" Precision/uncertainty

Regarding the data selection and combination principles, the basic information
extracted from the dataset, in order to evaluate this criterion, is obtained from the
table above.

It must be concluded that the majority of relevant elementary flows have been
obtained from literature. However some important emissions in this fuel cycle, such
operational radioactive emissions from reactors and other facilities are measured
data from operators.

Rate 2 (good)

Justification Elementary flows from literature but some important
emissions are measured

v" Methodological appropriateness and consistency

Systerm boundaries and Eol modelling

Regarding the general flow diagram to produce the electricity from nuclear power and
according to the detailed information included in the technological representativeness
criterion, the whole processes have been covered. However, emissions from waste
disposal of low and intermediate activity level waste are missing and the modelling
of spent fuel and high activity level wastes is not considered.

Electricity from Nuclear Power

Nuclear fuel
supply mix

Nuclear Nuclear Nuclear

power plant power plant power plant
construction use phase EolL

Electricity

Figure 24: Flow diagram (system boundaries) of electricity from nuclear power production.

Allocation

The extracted information from ‘Modelling and validation: LCI method and allocation’
is the following:

e LCl method principle: Attributional =» Situation A
e LCl methods approach: NOT APPLICABLE.

e Modelling constants: All data used in the calculation of the LCI results refer to
net calorific value.
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Rate 2 (good)

Justification Situation A

Dataset includes a ‘cradle-to-grave’ system process; it
comprises EoL to some extent and infrastructure.

Allocation is not needed in the foreground, but used in the
background processes.
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Electricity, nuclear power plant, pressure water reactor
1000MW/FR

Ecoinvent database

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh. Datasets aims
at modelling the nuclear cycles associated with power generation at Light Water
Reactors (LWR) currently installed in Western Europe, with focus on the largest
Pressurized Water Reactor (PWR) and Boiling Water Reactor (BWR) installed in
Switzerland: Gosgen and Leibstadt, respectively, two of the 1000 MW class. The
above models have been extrapolated to describe the nuclear cycles in the countries
with the highest nuclear share in UCTE, i.e. France and Germany (Ecoinvent 2007).

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the dataset information and the document provided by the

database developers (Ecoinvent 2007).

Table 44: Basic information used to assess the Ecoinvent nuclear electricity dataset.

Stage Type Reference Comments
Mining Dones 1996 using US )
references from early 1980 US mines (not updated)
Short term emissions from tailings;
Dreesen et al 1982 Improved from Dones 1996
Milling Radon emissions;
Senes 1998 Weighted average of emissions of principal mills
around the world
EPA 1983 -
Conversion Dones 1996 Sequoyah plant in USA;
Dry process not considered
) Data from Urenco plants in DE, .
Centrifuge NL and UK and TENOX plants in Data from Urelnco plants in DE, NL and UK and
RU TENOX plants in RU
Enrichment Data from Eurodif in France power consumption, thermal energy, water
Diffusion and USEC in US demand and halogenated emissions to air
Paducah, 1982; Mohrhauer, Uranium emissions to water and air, Al, Cr and
1995 hydrocarbons to air, low radioactive waste
Fuel
fabrication Dones 1996 Not updated
Not referenced Infrastructure, 2 plants in Switzerland
Reactors Van der Stricht 2001 Radioactive emission values from1995-1999

Data from operators 1992

Operational waste data

NAGRA 1995b

Decommissioning waste data (not updated)

Reprocessing

Cogema 1998

La Hague facility FR;
Emissions of C-14 (BIG impact according to
ExternE) extrapolated and disaggregated

Sellafield facility UK

i Interim storage
End of life LLW, MLW NAGRA, 1985b (Swiss data) Not updated
Final .
repositories NAGRA 2002 Inventories; o
SF/H_ILW) Long term emissions not accounted for.

103



v" Technological representativeness

Regarding the technology description about electricity from nuclear power described
in the LCI report (Ecoinvent, 2007) and the dataset info, the basic information, in
order to evaluate this criterion, is remarked in the previous table.

The dataset for France considers only PWRs.

Rate 2 (good)

Justification Consideration of only PWRs for producing electricity from
nuclear power in France which is true for France but
extrapolating technology data from Swiss PWRs power
plants.

v" Geographical representativeness

Regarding exclusively the origin of raw materials (uranium, principally), this dataset
include data for mining and milling activities in USA. According to the correspondence
with the pre-analysis, USA is not among the biggest suppliers of uranium to France.

Conversion activities data come from the Sequoya plant in USA. Enrichment activities
are modelled using data from Eurodif plant in France. Fuel fabrication data comes
from Dones 1996 which uses Swiss data. Reactor data regarding emissions come
from actual data from French reactors. Infrastructure data are extrapolated from two
Swiss power plants. End of life activities are modelled taking into account data from
actual French facilities (La Hague) but some data is extrapolated from Swiss facilities.

Rate 2 (good)

Justification Uranium comes from USA is not the biggest French
supplier. Reactors infrastructure is extrapolated from
Swiss data as well as some other parts of the fuel cycle.

v" Time-related representativeness

Regarding the information of the datasets, the time periods are the following:
e ‘Electricity, nuclear, at power plant pressure water reactor, FR’: 1995-1999.
e ‘Uranium natural, in yellowcake, at mill plant, RNA": 1980-1992.

References from Ecoinvent (2007) report are from 1980 to 2002. Some important
sources of data are documents from the early 1980s.

Rate 2 (good)

Justification The reference year for plants is 1995-1999.

In general terms, references year period are 1980-2002.
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v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 45: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 100
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories = first rate 1621
Share of elementary flows (%) =» second rate 10021
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

100% of elementary flows are considered.

v" Precision/uncertainty

Most of the references come from literature. However some important emissions in
this fuel cycle, such operational radioactive emissions from reactors and other
facilities are measured data from operators.

Rate 2 (good)

Justification Most of references come from literature but some
important emissions are measured.
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v" Methodological appropriateness and consistency

System boundaries and Fol modelling

The figure gives a schematic overview of the modelled nuclear energy chains. For
nearly all shown processes, a basic dataset to describe infrastructure (construction
and decommissioning) has been defined. EoL modelling is considered including the
final disposal of spent fuel and High level activity waste.
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Figure 25: Schematic overview of the modelled nuclear cycles (Ecoinvent 2007).

Allocation

There is no allocation in the foreground but allocation is applied in background

processes.

Situation A is assumed.

Rate

1 (very good)

Justification

Situation

A

Dataset includes a ‘cradle-to-grave’ system process and
it comprises EoL

EoL and Infrastructure are included.

There is allocation in background processes.
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GEMIS database Nuclear-power plant -PWR-FR-2000
Nucler-powerplant-PWR-FR-2010 (EPR)

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one TJ.

This evaluation considers the situation in year 2000 and the implementation of an
EPR (European Pressurized Reactor) in France, in 2010.

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the dataset information in the software.

Table 46: Basic information used to assess the GEMIS nuclear electricity dataset.

Stage Type Reference Comments
. CEES 1991 US mines
Mining Ecobilans 1999 -
ESA 2009 Uranium supply
Milling CEC 1991 -
OEKO 1994 (self reference) For materials
Conversion CEC 1991 Corinair default emission factors
Centrifuge OEKO 1994 (self reference) Centrifuge enrichment
Enrichment P :
Diffusion OEKO 1994 (self reference) Gas diffusion enrichment process
CEES 1991 -
Fuel
fabrication Not updated -
Reactors Not updated -
) - Emissions of C-14 (BIG impact according to
Reprocessing La Hague facility FR ExternE) extrapolated and disaggregated
Sellafield facility UK -
Radioactive
wastes _ -
. management
End of life ¢
Interim storage
LLW, MLW Not updated -
Final
repositories _ Long term emissions not accounted for.
SF/H_ILW) From inventories

v" Technological representativeness

Regarding the technology description, data correspond to a PWR 900 MW in the first
data set and to a European Pressurized Reactor (EPR), 1450 MW.
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Rate 2 (good)

Justification The technology aspects have been modelled using the
two types of nuclear reactors in France but separately
and not as a technology mix.

v" Geographical representativeness

The following table shows the share of imports of Uranium in France considered in
GEMIS both datasets.

Table 47: Imports and domestic production of Uranium in France, in 2000 (GEMIS Database).

Dataset Share (%)
FR - France (Domestic) 40
Africa (ship transport) 50
CA - Canada (ship transport) 10

According to the information detailed in the pre-analysis, in year 2010 French mines
were exhausted and main suppliers were Canada and Australia. In year 2000, French
mines production were much reduced.

According to the extracted information of the dataset in the software, the process of
enrichment in made in France, with gas diffusion (from ‘U-enrichment-difussion-FR-
2000’ dataset’), which correspond with reality.

Other fuel cycle stages (milling, conversion, fuel fabrication, reprocessing...) are not
considered.

Rate 4 (poor)

Justification Enrichment is done in France which corresponds with
reality but other stages are not well modelled.

v" Time-related representativeness

The reference year is 2010, and the literature comes from WISE (2001), OEKO
(1994), Ecobilans (1999) and CEA (1998).

Rate 2-3 (good -fair)
Justification Reference year is 2010 and 2000 for the two datasets
analysed.

Literature comes from 1994-2001.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.
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Table 48: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) o*
lonizing radiation (Ecosystems) 0*
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0**
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 33.3%>
Resource depletion (water) 100
Land use 50
Number of considered impacts categories =» first rate 122
Share of elementary flows (%) =» second rate 90> 2

* Nuclear waste is included but elementary flows are not defined.
** Inorganic salt is included but elementary flows are not defined.

*** Nuclear resources are included but elementary flows are not defined.

Rate 2 (good)

Justification 12 impact categories can be assessed and 90% of
elementary flows are considered.

v Precision/uncertainty

Regarding the extracted information from the dataset, data sources come from
Authoritative Sources, like WISE or CEA; and the Oko Institute.

There is no information about each elementary flow or emission factors.

Rate 4 (poor)

Justification Data comes from literature (Oko institute reports).
GEMIS auto-evaluation: secondary data.

There is no information about the emission factors or
direct emissions.
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v Methodological appropriateness and consistency

System boundaries and Fol modelling

Figures show a ‘cradle-to-grave’ scenario for producing electricity from nuclear power
in France.

Infrastructure is included in a German scenario, but some upstream stages are not
modelled and EoL modelling is not included.
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Figure 26: Flow diagram of electricity from nuclear production in France, from GEMIS

Allocation

According to the extracted information of the software, situation A is assumed and
allocation procedures are considered, but not defined.

Rate 4 (poor)

Justification Situation A.

Dataset includes a ‘cradle-to-grave’ system process but it
does not comprise EoL.

Infrastructure is included.

Allocation procedure has been applied, but not defined.
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E3 database Power Station / Nuclear (DWR-F)

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh.

v" Technological representativeness

Regarding the technology description, data come from GEMIS dataset ‘Nuclear-power
plant-PWR-FR’, but considering a process scale (not a real plant) of a PWR in France.

Rate 4 (poor)

Justification The technology aspects have been modelled by a process
scale, sited in France.

v" Geographical representativeness

Regarding the extracted information of the dataset in the software, data and
considerations come from GEMIS dataset ‘Nuclear-power plant-PWR-DE’, so the rate
for this criterion is assumed the same as the previous. This dataset includes: Nuclear /
Deep mining / France (GEMIS); Nuclear / Surface mining / Canada (GEMIS); Nuclear /
Surface/deep mining mix South Africa / GEMIS; Nuclear / UF-6 production / GEMIS; and
Nuclear / Enrichment / Diffusion / France / GEMIS.

Rate 4 (poor)

Justification As GEMIS dataset.

v' Time-related representativeness

The reference year is 2000, and the literature comes from Globales Emissions-Modell
Integrierter Systeme (GEMIS) (2002). Original references in GEMIS are however older
1994-1999.

Rate 3 (fair)

Justification The reference year is 2000.

Original references come from 1994-1999.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

111



Table 49: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 0
Human toxicity (non cancer) 0
Particulate matter 100
lonizing radiation (Human Health) 0
lonizing radiation (Ecosystems) 0
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0
Eutrophication (marine) 100
Ecotoxicity (freshwater) 0
Resource depletion (minerals, fossil & renewable) 333
Resource depletion (water) 0
Land use 0
Number of considered impacts categories =» first rate 794
Share of elementary flows (%) =» second rate 902> 4
Rate 4 (poor)

Justification Only 7 impact categories can be assessed and the 90%

of elementary flows are considered.

v" Precision/uncertainty

According to dataset, data precision is good for the power plant but the dataset is
based on the GEMIS dataset. Same rating has been applied.

Rate 4 (poor)

Justification As GEMIS dataset

v" Methodological appropriateness and consistency

Systerm bounaaries and Eol modelling

A cradle to gate system is assumed. There is no information about infrastructures.
There is no information about EoL procedures.

Allocation

No information about allocation procedures, but could be assumed as GEMIS, because
of the references.

Rate 5 (very poor)

Justification Cradle to gate system. EoL and Infrastructures are not
included. Allocation procedure has not been defined, but
assumed as GEMIS.
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Results, findings and recommendations

Nuclear electricity data sets in ELCD have in general a lower score than fossil fuels
electricity datasets and other analysed databases performs better in some criteria.

In both datasets (Germany and France), Ecoinvent performs better than ELCD in the
categories of TiR since the validity period of the dataset is closer to the oldest
references, and in M criterion since it considers a final repository for spent fuel and
high activity waste that is not included in ELCD.

TiR is the worst scored category in the ELCD database. The reason lies on the use of
several old references. However, no better references could be found in the other
databases analysed in this study.

ELCD uses as an important reference the work of Dones (1996). An important update
of this work has been made in Dones (2007) as an improvement for the Ecoinvent
database. Some data for the enrichment state that are sourced in Dones (1996) can
be updated using Dones (2007).

Geographical representativeness could be improved using data from Canadian mines
and mills that can be obtained for example from CERI (2008) or UNSCEAR (1993,
2000). Conversion data in French facilities are available in the ExternE study of the
French nuclear fuel cycle (EC, 1995).

Precision score related to radioactive emissions data can be increased by using data
published by UNSCEAR (2000).

Methodology score can be improved including a final repository for spent fuel and
high activity waste using data from NAGRA (2002a, 2002b).

Table 50: Findings and recommendations summary for ‘Electricity from nuclear power’ dataset.

Indicator ELCD data(g;;‘:t lity rating ELCD data(g:;lllty rating Findings or recommendation for improving
TeR 1 1 -
Update mining and milling data from CERI 2008. Use
GR 2 2 French data for conversion activities available in EC,
1995
TiR 3 3 Update enrichment data of Dones 1996 with data
from Dones 2007

C 1 1 -

P 2 2 Use data from UNSCEAR 2000.

M 2 2 Include a repository for spent fuel and high activity

waste as in Ecoinvent from NAGRA 2002.
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3.4 Electricity from hydroelectric power

Evaluation: EU-27

ELCD database EU-27: Electricity from hydro power (AC, technology mix of
run-off-river, storage and pump storage | production mix,
at power plant | 1kV - 60kV)

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh. The dataset
covers all relevant process steps and technologies along the supply chain. The country
| region specific share of run-of-river, storage and pump storage hydro power plants
is taken into account. The inventory is partly based on primary industry data, partly on
secondary literature data. Direct emission values from biomass degradation within
the reservoir are considered under climatic boundary conditions. These values are
taken from literature.

Dataset developers have not provided any information extra in order to list the
references and the sources by stage of the process, like other technologies.

v" Technological representativeness

Regarding the technology description, the basic information extracted from the
dataset, in order to evaluate this criterion, is detailed below.

= Three types of hydro power plants are modelled individually (run-of-river,
storage and pump storage) and mixed to a regional specific technology mix.

» The following life cycle phases are considered in all models: Construction,
installation, operation, decommissioning and removal of electrical parts of the
system. End-of-life of infrastructure like concrete foundations or earth dams
is not taken into consideration. Shares of the three hydro power types are
modelled region specific. The construction of the hydro power plant includes
the main components: Cables and power house, Earth-/ mineral dam, and
Concrete dam.

= QOperational life time of the hydro power models are 60 years. Maintenance is
included as well as the change of service material like oil for the generators.
Region specific GHGs from biomass degradation in reservoirs are included.

Rate 1 (very good)

Justification The technology aspects have been modelled as the
European (EU-27) technology mix.

The most used technologies have been modelled
individually (run-of-river, storage and pump storage) and
mixed to specific technology mix.

v"  Geographical representativeness

Regarding the information included in the dataset, the basic information, in order to
evaluate this criterion, is written down.

114



The data set represents the average national or region specific electricity production
based hydro power. Main technologies are considered according to the national or
region specific situation.

Rate 1 (very good)
Justification The geographical aspects have been modelled according
the EU-27 mix.

v" Time-related representativeness

Regarding the attached time representativeness information of the dataset, the
reference year is 2009 and the dataset is valid until 2014. Moreover, dataset states
that the time representativeness is an annual average.

Data for making the ‘EU-27: Electricity from hydro power comes from a list of
references that has been attached in the software information. Main data sources are
relatively updated and come from relevant sources: Mix share (IEA 2011, data for
2009); Technology data (EIA-USA 2011, data for 2005-2010; national reports from
Germany), GHGs emissions (Tremblay et al. 2004, emissions from Boreal to Tropical
regions), energy consumption (UN 2011, data for 2009).

Rate 1 (very good)

Justification The reference year is 2009.

Main references (2010s) and the reference data period is
updated (2005-2010), except for GHGs emissions that
they come from an older study.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 51: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 50
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 833
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1521
Share of elementary flows (%) =» second rate %21
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Rate 1 (very good)

Justification 15 impact categories can be assessed and the 96% of
elementary flows are considered

v Precision/uncertainty

Regarding the data selection and combination principles, the basic information
extracted from the dataset, in order to evaluate this criterion, is written down. The
data sources for the complete product system are sufficiently consistent.

The analysis of the references states that the majority of significant elementary
flows have been obtained from relevant literature, with some exceptions. Relevant
sources, labeled as Authoritative Sources (IEA, UN, EIA-USA...), have been used for
technologies issues and the composition of the EU27 mix share. Nevertheless,
emissions and consumptions come from different studies located in world regions,
non-European located.

Rate 2 (good)

Justification Data of technology issue come from relevant literature,
as Authoritative Sources (IEA, UN, EIA-USA...).

Data related to energy consumption and emissions have
been taken from other studies located in different
European countries (i.e. Germany and Iceland).

v Methodological appropriateness and consistency

System boundaries and EolL modelling

Regarding the general flow diagram to produce the electricity from hydro power and
according to the detailed information included in the technological representativeness
criterion, the whole processes have been covered. Although decommissioning of and
removal of electrical parts of the system has been included, EoL of infrastructures
like concrete foundations or earth dams has not been taken into account.

Run-of-River Run-of-River Run-of-River

hydro power hydro power hydro power
EolL

construction use phase

Electricity

Storage* Storage™ Storage™

hydro power hydro power hydro power
construction use phase EolL

* Storage incl. pump storage

Figure 27: Flow diagram (system boundaries) of electricity from hydro power production.
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Allocation

The extracted information from ‘Modelling and validation: LCI method and allocation’
is the following:

e LCl method principle: Attributional =» Situation A
e LCl methods approach: NOT APPLICABLE.

e Modelling constants: All data used in the calculation of the LCI results refer to
net calorific value.

Rate 2 (good)

Justification Situation A.
Dataset includes a ‘cradle-to-grave’ system process.

Dataset comprises infrastructure and decommissioning of
some parts of the system, but EoL of infrastructures is not
included.

Allocation procedure has not been applied (not applicable),
but there is no information of the cause, nevertheless,
hydropower has not multifunctionality.
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Ecoinvent database Electricity, hydropower, at run-of-river power plant/RER

Electricity, hydropower, at reservoir power plant/RER (alpine
and non-alpine regions)

v" General comments and/or relevant information

The functional unit of the datasets refers to the production of one kWh.

Two types of facilities, the most used in the EU mix, have been considered for
assessing the production of electricity from hydropower: Reservoir and run-of-river
hydropower plants. Pumped storage hydropower plants are modelled separately for
each country and are not available for a RER scenario; therefore it has not been
included in this analysis.

Relevant information about the data sources is summarized in the following table
(references in bold are identified as Authoritative Sources or Business Associations).
All the information has been extracted from the dataset and the document Ecoinvent,
2007.

Table 52: Basic information used to assess the Ecoinvent hydropower electricity dataset.

Stage Type Reference Comments
Material
requirements Not referenced Cement, gravel steel, and water are included
Construction Kellenberger 2005; Althaus Energy, explosives and PM emissions are taken
Infrastructure 2004; NOK 1956; EPA 2002 into account
Lifetime Personal communications Lifetimes of different part of reservoir and run-
2002 of-river hydropower plants
Land use Not referenced Transformation to water bodies and to industrial
area
Reservoir plants Not referenced 50 Swiss plants, 9130 MW
Run-of-river
plants Not referenced 4 Swiss and 1 Austrian plant, 23-237 MW
Country specific Frischknecht 2003: Baver Productions and share in CENTREL, UCTE and
hydro-mix 2007 NORDEL countries, IR and GB, in 2000.
AT, IT and FR =» Alpine countries.
Transport Bertschinger 1959 Transport of materials on public roads and

railway. Hydroplants at Bergell

. o Van de Vate 1997; Svensson
Operation GHG emissions 199, Gagnon 2000; Vattenfall ~ Anaerobic degradation of materials
2002; Bauer 2007

3 No experience of disposal of concrete dams. This
End of Life Not referenced study assumes that the power plants are
dismantled and dams remain on site.

v" Technological representativeness

Regarding the technology description about electricity from hydropower described in
the LCI report (Ecoinvent, 2007) and the dataset info, the basic information, in order
to evaluate this criterion, is remarked.

= Electricity production at reservoir hydropower plants is modelled on the basis
of data from more than 50 Swiss reservoir power plants.

» The average Swiss run-of-river hydropower plant is modelled on the basis of
data from four Swiss and one Austrian run-of-river plants. The dataset for
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average European electricity production at run-of-river power plant is the
same as for the average Swiss plant.

Rate 3 (fair)

Justification The dataset consider two types of technologies (reservoir
and run-of-river), but separately. The dataset user should
be able to create a new dataset considering the share of
each technology for a mix scenario.

In the case of reservoir hydropower, 50 Swiss plants have
been analysed. Based on these data, other regions have
been modelled (alpine, non-alpine conditions and Finland),
extrapolating the Swiss dataset and considering the
country-specific electricity supply.

4 run-of-river plants from Switzerland and 1 from Austria
have been modelled. Extrapolations from these dataset
have been addressed to model the European dataset.

Switzerland and Austria are the 5™ and 6" countries in
the ranking of electricity generation from hydropower in
Europe (Eurelectric countries).

v" Geographical representativeness

Regarding the previous information:

= Reservoir hydropower plants are modelled on the basis of data from more
than 50 Swiss reservoir power plants.

= The average Swiss run-of-river hydropower plant is modelled on the basis of
data from four Swiss and one Austrian run-of-river plants; the data are
weighted by the specific electricity production. The range of rated power is
between 23 MW and 237 MW. The dataset for average European (RER)
electricity production at run-of-river power plant is the same as for the
average Swiss plant.

Rate 3 (fair)

Justification Plants represent in global terms, Swiss (and in a minor
degree Austrian) conditions, extrapolated to the average
European scenario (RER). As the report Ecoinvent states,
results for non-Swiss plants based on extrapolations
cannot be considered definitive due to the increase of
uncertainties.

v" Time-related representativeness

Regarding the information of the datasets, the time periods are the following:
e ‘Electricity, hydropower, at run-of-river power plant, RER: 1945-1970.
e ‘Electricity, hydropower, at reservoir power plant, RER’: 1945-2000.
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e ‘Plants’: 1945-1970.

Technology references from Ecoinvent (2007) come from 1960 to 2004. Regarding
Bauer et al. (2007), main emissions (GHGs) come from extrapolations of located in
Sweden (Svensson 1999, Vattenfall 2002), Finland (Van de Vate 1997, Gagnon 2000)
and Canada (Gagnon 2000).

Rate 3 (fair)

Justification The reference year is 1945-2000.

In general terms, references year period are 1960-2004.
Data of plants is obsolete, and data of emissions come
from 1990s.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 53: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 100
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate 100> 1
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

100% of elementary flows are considered
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v Precision/uncertainty

Regarding the information from Ecoinvent (2007) report, the main reference is Bauer
et al. (2007).

Data of infrastructure come from Authoritative Sources (NOK, EPA). Transport
reference come from a study of 60s. Main reference of operation regards to GHGs
emissions, which provide from an extrapolation of located studies.

Rate 3 (fair)

Justification Main reference is an internal document, which determines
that technology data come from relevant sources, and
main emissions come from extrapolations.

It must be highlighted that extrapolation in the case of
hydropower increase the uncertainty factors already
addressed at the Swiss dataset

v" Methodological appropriateness and consistency

System boundaries and EolL modelling

The figure gives a schematic overview of the modelled electricity production chain for
both reservoir and run-of-river power plants.

&
Electricity, at busbar
Operation
&
Infrastructure
Construction [ Transport
work
Maternials Waste disposal

Figure 28: Schematic overview of the modelled hydropower chain (Ecoinvent 2007).

Regarding EoL, hydropower plants built in the middle of the last century have not
reached the end of their lifetime. Therefore, there is no experience of disposal of
concrete dams. This study assumes that the power plants are dismantled and dams
remain on site. For this reason, the entire mass of cement, gravel, and reinforcing
steel is accounted for as “disposal, building, reinforced concrete, to final disposal” as
first approximation. This dataset includes energy requirements for demolition with
building machines, which might not reflect actual cases. However, there is no
information and experience concerning this disposal available. Steel used for tunnels
and shafts probably remains on place as well. This fact, as well as disposal of steel
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used for machines, is taken into account with the input “disposal, steel, 0% water, to
inert material landfill”.

Infrastructure is included (material requirements and construction of the plant).
Transport of materials on public roads and railway tracks to the construction site
areas have been taken into account.

Allocation
There is no information about allocation procedures.

Situation A is assumed.

Rate 2 (good)

Justification Situation A.
Dataset includes a ‘cradle-to-grave’ system.
Possibility of EoL is included, in case of dismantling.
Infrastructure and transports are included.

There is no info about allocation, but it can be not
applied.
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GEMIS database Hydro-dam-big-generic

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one TJ.

v" Technological representativeness

Regarding the technology description, data come from a generic hydro-electric power
plant - dam + reservoir.

In order to better analyse this criterion, the reference document used to model this
dataset, Environmental Manual for Power Development (see TiR criterion) has been
reviewed.

Rate 4 (poor)
Justification The technology aspects have been modelled by a generic
dam plant.

The EM generic database used to model GEMIS offers
four examples of generic hydro plants to cover the range
of size and technologies: two small-scale and two large-
scale hydropower plants. However, it is not possible to
identify how these data have been integrated in the
dataset.

v" Geographical representativeness

Regarding the extracted information of the dataset in the software, the referred
country is ‘generic’. The Environmental Manual for Power Development has been
reviewed to evaluate the GR criterion.

Rate 5 (very poor)
Justification There is no definition of the country, defined as ‘generic’
dataset.

However, the EM project collected information from
several non-European countries, ie. India, Philippines,
Togo, etc.

v" Time-related representativeness

The reference year is 2000, and the literature comes from EM (1995a, 1995b).

Rate 4 (poor)

Justification Reference year is 2000.

Main references are general studies from 90s, which
collected data from previous years.
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v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 54: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) o*
lonizing radiation (Ecosystems) 0*
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0**
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 33.3*
Resource depletion (water) 100
Land use 50
Number of considered impacts categories = first rate 12=>2
Share of elementary flows (%) =» second rate 90> 2

* Nuclear waste is included but elementary flows are not defined.
** Inorganic salt is included but elementary flows are not defined.

*** Nuclear resources are included but elementary flows are not defined.

Rate 2 (good)

Justification 12 impact categories can be assessed and 90% of
elementary flows are considered.

v Precision/uncertainty

Regarding the extracted information from the dataset, data sources come from
general Oko Institute reports.

There is no information about each elementary flow or emission factors.

Rate 4 (poor)

Justification Data have been taken from the literature (Oko Institute
reports). Reviewing the references cited by the dataset,
there is a lack of information concerning the precision of
the data.

GEMIS auto-evaluation: secondary data

There is no information about the emission factors or
direct emissions.
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v" Methodological appropriateness and consistency

System boundaries and Fol modelling

Figures show a ‘cradle-to-grave’ scenario for producing electricity from hydropower in
a generic country.

Infrastructure is included in a German scenario, but EoL modelling is not included.

by dropower

brydro-darn-big-generic

Figure 29: Flow diagram of electricity hydropower production, from GEMIS

Allocation
According to the extracted information of the software, situation A is assumed.

Regarding allocation procedures, dataset states that it should be considered that
often multiple uses are associated with the hydropower development (e.q. irrigation,
storage, recreation, etc.) so that an allocation of impacts to the specific uses might be
appropriate.

Rate 3 (fair)

Justification Situation A.

Dataset includes a ‘cradle-to-grave’ system process but it
does not comprise EoL.

Infrastructure is included.

Allocation procedure might be appropriate in cases of
multifunctionality consideration.
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Results, findings and recommendations

ELCD dataset achieves the best rating in four quality criteria. Nevertheless, taking
into account the analysis made and the evaluation of the other datasets, the
following recommendations can be highlighted.

In a future scenario, in order to better evaluate the technological representativeness
(TeR) criterion, Small Hydropower Plants (SHPP) should be included due to the
potential importance in the mix. According to the stated data of the pre-analysis
(Arcadis 2011), a considerably reduction of electricity from hydropower mix is
expected and the large facilities might be the main affected. Then, the share of SHPP
in electricity from hydropower mix might increase; although a reduction of their
potential is foreseen. In order to get additional inventory data, Business Associations
(e.g. European Small Hydropower Association, www.esha.be) publish EU data facts
and statistics of power generation.

The International Hydropower Association (www.hydropower.org/) might be also a
relevant information source for double checking. It publishes annual reports that
could be useful. Additionally, it offers a GHG Risk Assessment Tool that provides
estimation of the level of gross GHG emissions from freshwater reservoir.

Completeness criterion is 95% fulfilled with the elementary flows. In order to meet
the criterion in a 100% share the following flows have to be considered: Halon 1211
and 1301 for ozone depletion; and cadmium and indium for resource depletion
impact category. It must be highlighted that ELCD includes the emissions due to
biomass degradation, while other datasets do not consider them.

Finally, regarding precision (P) criterion, the inclusion of documentation related to the
data collection process and additional references to identify the origin of the data
values could be useful to achieve a better rating.

Table 55: Findings and recommendations for ‘EU27: Electricity from hydropower’ dataset

Indicator ELCD data quality rating Findings or recommendation for improving
TeR 1 Inclusion of SHPP in future scenarios
GR 1 -
TiR 1 -
C 1 Inclusion of Halon 1211, cadmium and indium
2 Use of Ecoinvent extrapolations of SW and FI data for GHGs emissions
M 2 -
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3.5. Electricity from wind power

Evaluation: EU-27

ELCD database RER: Electricity from wind power (AC, technology mix of
onshore and offshore | production mix, at producer | 1kV -
60kV)

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh. The dataset
covers all relevant process steps and technologies along the supply chain. The country
/ region specific share of onshore and offshore electricity generation as well annual
full load hours are taken into account. The inventory is partly based on primary
industry data, partly on secondary literature data.

Electricity generation by onshore and offshore is modelled individually and mixed to a
national / regional specific technology mix.

For each type, an average representative state-of-the-art wind converter LCA model
is set up. The operation phase of the wind power is completed by individual national /
regional operation data.

The data set can be used for all LCA/CF studies where medium voltage electricity
from wind power is needed. Combination with individual unit processes using this
commodity enables the generation of user-specific (product) LCAs.

v" Technological representativeness

Regarding the technology description, the basic information extracted from the
dataset, in order to evaluate this criterion, is the following:

e The dataset includes an average onshore and offshore wind model.

e The following life cycle phases are considered in both models: Production,
transportation, installation, operation, decommissioning and removal of the
wind turbines incl. electrical gear.

e Onshore model: The onshore model is based on a 300 MW wind park,
operating 182 wind turbines with 1.65 MW each.

e Offshore model: The onshore model is based on a 300 MW wind park,
operating 100 wind turbines with 3.00 MW each.

127



Rate 1 (very good)

Justification The dataset has been modelled taken into account both
the onshore and offshore wind technologies currently
available at the commercial level.

The technology description is well defined based on the
current statistics provided by Authoritative Bodies such as
the |IEA and the EWEA. The dataset considers the shares
of onshore to offshore wind power at the region and the
full load hours during the operation phase, based on
public statistics.

Detailed data related to manufacturing of the turbines
have been collected from the largest companies involved
in this sector.

EoL treatment has been included in the modelling, taken
into account the expertise of companies and institutions
working with dismantling, scrapping and recycling.

v" Geographical representativeness

Regarding the information included in the dataset, the basic information, in order to
evaluate this criterion, is the following: The data set represents the average national
or region specific electricity production based on wind power. Main technologies are
considered according to the national or region specific situation.

Rate 1 (very good)

Justification The dataset has been modelled for the region of Europe
(RER), and has considered the full load hours for the
actual region using statistical information. The onshore
and offshore shares in the region have been included,
based on international and European statistic
information.

Most relevant data related to manufacturing have been
obtained from a European manufacturing company,
which had the largest annual market share in 2011,
operating in Denmark, Germany, India, Italy, Romania,
Britain, Spain, Sweden and Norway.

v" Time-related representativeness

Regarding the attached time representativeness information of the dataset, the
reference year is 2009 and the dataset is valid until 2014. Moreover, dataset states
that the time representativeness is an annual average.

Data for making the ‘RER: Electricity from wind power’ comes from a list of
references that has been attached in the software information.
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Rate 1 (very good)

Justification The dataset claims that the used data refer to years from
2008 to 2011. References reviewed to evaluate the
criterion show that the time horizon is well covered.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 56: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 333
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 833
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1521
Share of elementary flows (%) =» second rate %6 =21
Rate 1 (very good)

Justification 15 impact categories can be assessed and the 96% of

elementary flows are considered

v" Precision/uncertainty

Regarding the data selection and combination principles, the basic information
extracted from the dataset, in order to evaluate this criterion, is the following: The
data sources for the complete product system are sufficiently consistent. It must be
concluded that the majority of relevant elementary flows have been obtained from
literature.

Rate 2 (good)

Justification The data used to model this technology have been
obtained from manufacturing companies, as stated in the
documentation. Some data are based on measured
controls and on literature. Statistics from relevant
Authoritative Sources and Business Association have
been also used to model the dataset.
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v" Methodological appropriateness and consistency

System boundaries and Fol modelling

Regarding the general flow diagram to produce the electricity from wind power and
according to the detailed information included in the technological representativeness
criterion, the whole processes have been covered.

Allocation

The extracted information from ‘Modelling and validation: LCI method and allocation’
is the following:

e LCl method principle: Attributional =» Situation A

e LCl methods approach: NOT APPLICABLE.
Modelling constants: All data used in the calculation of the LCI results refer to net
calorific value.

Wind converter Wind converter Wind converter
construction use phase =018

. Electricity

Figure 30: Flow diagram (system boundaries) of electricity from wind power production.

Rate 1 (very good)

Justification The situation of the database has been identified as situation

A and the dataset described a “cradle-to-grave” inventory. All
stages have been included in the modelling, including EoL
and the infrastructures. EoL has been modelled considering
scenarios where there is recycling, energy recovery and
landfilling, based on information collected from involved
companies and institutions. In the foreground system,
allocation procedure has not been applied (not applicable),
but allocation by energy and mass has been used in the
background system. In the case of recycling, system
expansion has been conducted.
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Ecoinvent database Electricity, at wind power plant/RER

v" General comments and/or relevant information

The functional unit of the datasets refers to the production of one kWh.

Relevant information about the sources of data is summarized in the following tables
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the dataset information and the document Ecoinvent (2007).

Table 57: Basic information used to assess the Ecoinvent wind power electricity dataset (800 kW wind
turbine).

Stage Type Reference Comments
T & Nordex 2001 n.a. (out of the market)
Fixed parts ower Not found (analysis of 37 turbines in DE from
P basement Hagerdorn 1991 0.01 to 3MW).
Steinemann 2001 Personal communication
Rotor Nordex 2001 na. (out of the market)
Moving parts Nordex 2001 n.a. (out of the market)
Nacelle Own estimations and assumptions
Lenzen 2002 Personal communication
Connection to grid Nodex 2001 n.a. (out of the market)

Table 58: Basic information used to assess the Ecoinvent wind power electricity dataset (2 MW wind
turbine).

Stage Type Reference Comments
T Bonus 2002 Not found
ower - —
. Hagerdorn 1991 Not found (analysis of 37 turbines in DE from
leed parts 0.01 to 3MW).
8 ; Bonus 2002 Not found
asemen n - "
’ Data from an off-shore plant in DK with turbines
Schleisner 1999 of 0.5 MW
Mot " Rotor Bonus 2002 Not found
ovin arts
ap Nacelle Nordex 2001 Not found
Own estimations and assumptions
Connection to grid . Data from an off-shore plant in DK with turbines
g Schleisner 1999 of 0.5 MW

v" Technological representativeness

The most relevant information used to evaluate this criterion is described below. This
information is extracted from the dataset and from the LCl report published by
Ecoinvent in 2007 (Ecoinvent 2007).

The electricity production at four Swiss and two European wind turbines has been
modelled in this study (98% onshore and 2% offshore):

e ‘Electricity, at wind power plant 800kW, RER’ (onshore).
e ‘Electricity, at wind power plant 2MW, offshore, OCE’ (offshore).

The standard distances in Europe and Switzerland as defined in the general Ecoinvent
guidelines are applied to the transport of the construction materials to the
manufacturer and the wastes to treatment and deposition.

At the end of life of the wind plant, all metals except of the steel used for reinforcing
bars are assumed to be recycled. Plastics will be delivered to municipal waste
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incineration. The material of the blades is assumed to be burned in municipal waste
incinerators.

Rate 2 (good)

Justification The technology aspects have been modelled as a
technology mix (onshore and offshore production), with
the main components modelled.

The size of the onshore turbine modelled by the dataset
is very low compared to the average European size. In the
case of offshore technology, the size of the turbine could
represent the average. However, the capacity factor is
very low compared to the factors reported in the
statistics.

The dataset describes technologies located in Germany,
Denmark and Switzerland. Germany remains the EU
country with the largest installed capacity, followed by
Spain, UK and Italy. The contribution of Switzerland to the
wind power installed in Europe is very low.

In 2011, offshore wind’'s share of total installation in
Europe was 9%, but at the time horizon of the plant, the
offshore share was 3%.

v"  Geographical representativeness

The dataset has been modelled considering four Swiss and two European wind
turbines. According to the information provided in the dataset, it represents an
average European scenario.

Rate 3 (fair)

Justification The dataset states that it represents an average
European scenario (RER).

The installed capacity of wind power in Europe is not well
represented with this dataset based on the information
published by the EWEA.

The offshore technology has been modelled based on a
Danish power plant. Although Denmark is one of the most
relevant countries concerning offshore power, the UK has
the largest amount of installed offshore wind capacity in
Europe (5839%).

In the case of offshore plants, the extrapolation of the
results to other sites is not recommended, since the
different wind conditions as well as platform depth and
distances can imply great differences.
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v" Time-related representativeness

In order to evaluate this criterion, Ecoinvent report No. 6-XIll Windkraft has been
reviewed (Burger & Bauer 2007). This report updates the previous versions from
2004, 2003 and 1996.

Data used to model the dataset have been provided by manufacturing companies and
refer to turbines produced in 2001.

Rate 1 (very good)

Justification The reference year is 2000-2002.

The main data used to model the onshore plant are
referred to year 2001. Data from the offshore plant are
from 1999.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 59: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 100
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate 10021
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

100% of elementary flows are considered
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v Precision/uncertainty

The references used in the main report for wind power (Burger & Bauer 2007) have
been also reviewed in order to evaluate the time representativeness. The previous
table in General comments shows the main results.

Rate 4 (poor)

Justification The information described by the dataset claims that
data from manufacturing companies have been used to
model the dataset. However it has not been possible to
review these data, since in most of the cases, the
references are not available or have not been found, as
the previous table shows.

v" Methodological appropriateness and consistency

Systerm boundaries and Eol modelling

The figure gives a schematic overview of the chain for electricity production at wind
power plants.

Material manufacturing and Matenial manufacturing and
processing, Transpott, processing, Transpott,
Installation, Land use Installation

Fized Parts: Moving Parts
Tower, Basement (Rotor, Wacelle, hMechanics)
Cabling, Electronics

Operation

i Electricity, at wind power plant

Figure 31: Schematic overview of the modelled wind energy chain (Ecoinvent 2007).

Regarding EoL, at the end of life of the wind plant, all metals except of the steel used
for reinforcing bars are assumed to be recycled, including those used for electronics,
and plastics will be delivered to municipal waste incineration. A possible classification
as waste of the reinforced concrete of the basement, which remains in ground or at
sea bottom after the end of operation, is not taken into account. Due to lack of a
specific dataset for waste disposal, the material of the blades is assumed to be
burned in municipal waste incinerators as 65% glass and 35% plastics.

Infrastructure is included (the construction of fixed and moving parts has been
separately modelled). Transport of the construction materials to the manufacturers
and wastes to waste treatment have been taken into account.
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Allocation

In the foreground system allocation is not applicable. In the background systems,
energy, mass and economic allocation has been followed, when necessary, as defined
in the “Overview and Methodology” report from Ecoinvent (Burger & Bauer 2007).

Situation A is assumed.

Rate 1 (very good)

Justification The dataset has been modelled following the
requirements for situation A.

Dataset includes a ‘cradle-to-grave’ system.

EoL has been included in the dataset, with recycling and
incineration scenarios.

Infrastructure and transports are also taken into account.
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GEMIS database Windfarm-big-generic

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one TJ.

v" Technological representativeness

Regarding the technology description, data come from a wind farm consisting of 10
turbines (1MW each), good wind regime, including cables and transformers.

Since the dataset does not provide any additional information about the technology,
the project mentioned before has been reviewed in order to better evaluate the
technological representativeness.

The EM project was concerned with the establishment of a database which covered a
variety of energy projects, with processes for fossil fuels, renewable energy,
transport, etc. It offers generic data for energy technologies which can be used if no
project-specific information is available. The database contained data provided by
manufacturers in 1993 and also reviewed from the literature. The capacity factors
reviewed within the project amounted to 25-35% and 23-24% for coastal sites. The
EM database included transport processes, based on a study for OECD countries,
which is not cited, and therefore not reviewed. Emission factors used in EM are based
on a German emission model called “Handbook Emission Factors of Motorized Road
Traffic” (UBA 1995, 1997).

Rate 4 (poor)

Justification The dataset models a generic wind farm, with 10 turbines
of 1MW each of them. Based on the references, the
capacity factors assumed are 25-35%.

The installed capacity of wind power in Europe is not well
represented with this dataset based on the information
provided by the documentation and according to the
EWEA.

It is not possible to identify the different technologies
included in the dataset and the share between onshore
and offshore plants.

v"  Geographical representativeness

Regarding the extracted information of the dataset in the software, the referred
country is ‘generic’.

Rate 5 (very poor)

Justification The wind technology is very site-dependent and therefore
a generic dataset cannot be  geographical
representativeness for the European context.
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v" Time-related representativeness

The references described by the datasets are EM (1995a, 1995b). As stated in the
dataset, it has been modelled based on the previous project called “Environmental
Manual for Power Development (EM)”.This database collected data from some
manufacturing companies and from the literature. All these references are from 1993
and 1992. The factors used to estimate the emissions from transport are from 1995
and 1997.

Rate 4 (poor)

Justification The dataset refers to year 2000; however, the main data
used to model the dataset refer to years 1992 and 1993.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 60: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 0*
lonizing radiation (Ecosystems) 0"
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) o
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 33.3%
Resource depletion (water) 100
Land use 50
Number of considered impacts categories =» first rate 1292
Share of elementary flows (%) =» second rate 90=>2

* Nuclear waste is included but elementary flows are not defined.
** Inorganic salt is included but elementary flows are not defined.

*** Nuclear resources are included but elementary flows are not defined.

Rate 2 (good)

Justification 12 impact categories can be assessed and 90% of
elementary flows are considered.
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v" Precision/uncertainty

GEMIS provides within the dataset a data quality evaluation. According to GEMIS, the
data quality of this dataset is medium (secondary, derived data). The most detailed
information for the dataset has been found in the EM database.

Rate 4 (poor)

Justification The EM model states that some data are provided by the
manufacturing industries. However, it is not possible to
identify which data are based on the industry, estimated,
or from the literature.

v" Methodological appropriateness and consistency

Systerm boundaries and Eol modelling

Figures show a ‘cradle-to-grave’ scenario for producing electricity from wind power in
a generic country. Infrastructure is included in a German scenario, but EoL modelling
is not included.

wird

windfarm-big-generic

Figure 32: Flow diagram of electricity wind power production, from GEMIS

Allocation

According to the extracted information of the software, situation A is assumed and
allocation procedures are considered, but not defined.

Rate 3-4 (fair-poor)

Justification Based on the information provided by the dataset, it has
been modelled under situation A.

Dataset includes a ‘cradle-to-gate’ system process but it
does not comprise EoL. Infrastructure is included by
defect in all datasets.

Although the dataset states that allocation procedures
have been considered, there is no information about how
the allocation has been conducted.
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E3 database Power Station / Wind / on-shore / Enercon E-66 / 20.70
(Germany)

Power Station / Wind / off-shore / Horns Rev

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh.

This evaluation includes two separate datasets according to the most usual
technologies to produce electricity from wind power, sited in two different places of
reference in Europe: Germany (onshore) and Denmark (offshore).

v" Technological representativeness

The description of the technologies used to model the datasets can be found in the
literature.

The offshore plant is located in Horns Rev, Denmark. The plant operates since 2003
with 80 wind turbine, each of them with 2MW. The farm capacity is 160MW. The
distance from the shore varies from the first turbine to the last one between 14 and
20 km (Oko-Institut, 1999).

In the case of the onshore technology, a tower of 84 m has been considered for the
dataset, with a 1.8 MW turbine. Data seems to be provided by EnerCom, the largest
wind manufacturing company in Germany.

Rate 3 (fair)

Justification The datasets model two wind technologies: an onshore
tower and an offshore plant, located in Germany and
Denmark, respectively.

The parameters described by both dataset are not
enough to evaluate in detail whether they could be
extrapolated to the European technology average.

v" Geographical representativeness

Regarding the extracted information of the dataset in the software, plants are sited in
Germany (onshore) and Denmark (offshore).

Rate 3 (fair)

Justification The datasets model two technologies located in Germany
and in Denmark.

The installed capacity of wind power in Europe is not well
represented with this dataset based on the information
published by the EWEA, although it contains two of the
main relevant electricity producers with  wind
technologies.
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v" Time-related representativeness

The time horizon defined in the datasets is year 2004. The main references used to
model these datasets are the following:

e Offshore: Gerdes et al (2006) and Skiba (2002).
e Onshore: Enercon (2003) and Windenergie (2004).

Rate 1 (very good)

Justification The datasets are modelled using data referring to real
technologies operating from 2002 and 2003.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 61: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 0
Human toxicity (non cancer) 0
Particulate matter 100
lonizing radiation (Human Health) 0
lonizing radiation (Ecosystems) 0
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0
Eutrophication (marine) 100
Ecotoxicity (freshwater) 0
Resource depletion (minerals, fossil & renewable) 333
Resource depletion (water) 0
Land use 0
Number of considered impacts categories =» first rate 794
Share of elementary flows (%) =» second rate 90 =>4
Rate 4 (poor)

Justification Only 7 impact categories can be assessed and the 90%

of elementary flows are considered.

140



v Precision/uncertainty

According to the datasets, the precision is good/medium for the power plants. In order
to further evaluate it, a review of the references has been conducted.

Rate 3 (fair)

Justification The literature used to model the datasets provided
information from real plants operating in Germany and
Denmark during the time horizon.

In the references, a brief technical description of the
technologies is provided. However, other data, such as
emission factors, are not detailed.

v" Methodological appropriateness and consistency

System boundaries and Eol modelling

The datasets model a cradle to gate system. Information related to the
infrastructures and the EoL procedures is not available, neither in the datasets nor in
the references.

Allocation

Concerning the allocation procedures, since E3 cites GEMIS as reference, it could be
assumed that this database uses the same rules, recommended under Situation A.

Rate 5 (very poor)

Justification The dataset does not seem to be linked with upstream
processes. However, it is possible for the user to build a
Cradle to gate system.

There is a lack of information related to EoL and
infrastructures that does not allow assessing these
issues.

In the same way, there is no information concerning the
allocation procedures followed when modelling the
dataset.
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Results, findings and recommendations

ELCD got the best rates in four categories: technology, geographical, time-related
representativeness and precision. Capacity factors and average sizes described by the
dataset are in line with the statistics provided by Authoritative Sources, such as the
European Wind Energy Association (EWEA) and the International Energy Agency (IEA).
It would be recommended to include additional documentation, providing more detail
concerning the different shares of onshore and offshore power as well as the
contribution of each country to the total mix. Sources to consider in future versions
are the country-specific associations. The British Wind Energy Association offers a UK
Wind Energy Database with technical details of the British wind installations.
Additionally, it is recommended to review for future versions other wind options, such
as the “small and medium scale wind”, which might increase in the future, and the re-
powering, which substitutes old turbines, increasing the capacity.

ELCD dataset models a non-defined region in Europe. It must be highlighted that this
resource is a very site-specific energy source and therefore, this technology applied in
each European country and their contribution to the total electricity generation by
wind in Europe might vary. However, ELCD takes into account this particularity by
considering the full load hours for the actual region using statistical information.

Completeness criterion, although rated with the highest score, 15 of 16 impact
categories are fulfilled and the 98% of relevant elementary flows are considered. In
order to fulfill the criterion in a 100%, the following flows should be considered:
Halon 1211* and CFC-12 for ozone depletion and indium for resource depletion
impact category.

ELCD has modelled the dataset using main data provided by the industry. The
database providers should ensure that the documentation available to the user allows
him/her reviewing the most relevant technical description, as well as energy and
emission factors. The Wind Power Net
(http://www.thewindpower.net/windfarms europe en.php) gives access to a large
database with the current commercial wind turbines and the installed wind farms in
the word. It provides information about the location of the farm, technology use, type
of turbine, capacities, etc. This database can be used for double check some data.

The methodology followed by the dataset from ELCD complies with the requirements
defined by the ILCD Handbook for this criterion. It must be highlighted the added
value of the ELCD EoL modelling with respect to the other analysed database. ELCD
has modelled the EoL phase taken into account information discussed and analysed
by companies and institutions involved in the recycling and waste treatment sector.
However, if re-powering systems are to be included in future versions, other EoL
scenarios should be reviewed and considered, if applicable.

In general the ELCD dataset includes the most updated data.

4 See footnote 12
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Table 62: Findings and recommendations summary for ‘EU27: Electricity from wind power’ dataset

Indicator ELCD data quality rating Findings or recommendation for improving

Include information of the contribution of each country to the share for both

TeR 1 the onshore and offshore technologies (EWEA, 2013a, 2013b)
GR 1 Include information about the countries included in the region RER.

] Include more detail related to references used to model the dataset Dataset
TiR 1 ;

/s the most updated currently.
C 1 Include elementary flows to complete ozone depletion and resource depletion
impacts categories.
p > Include documentation related to data collection process. Include additional
references to identify the origin of the data.
M 1 -
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3.6. Electricity from biomass

Evaluation: Germany

ELCD database DE: Electricity from biomass (solid) (AC, mix of direct and
CHP, technology mix regarding firing and flue gas cleaning |
production mix, at power plant | 1kV - 60kV)

v" General comments and/or relevant information

The data set represents the environmental impacts for the production of one kWh
from biomass power plants including own consumption of the power plants. The
dataset covers all relevant process steps and technologies along the supply chain. The
national energy carrier mix used for electricity production, the power plant efficiency
data, shares on direct to combined heat and power generation (CHP), and own
consumption values are taken from official statistics (International Energy Agency)
for the corresponding reference year. Detailed power plant models were used, which
combine measured (e.g. NOy) with calculated emission values (e.g. heavy metals). The
inventory is partly based on primary industry data, partly on secondary literature data.

Energy carrier specific power plants are modelled according to the national / regional
firing and flue gas cleaning technology mix. Data measured at representative power
plants and being published, have been used to represent the country / region mix of
power plant technologies.

The data set can be used for all LCA/CF studies where medium voltage electricity
from biomass (solid) is needed. Combination with individual unit processes using this
commodity enables the generation of user-specific (product) LCAs.

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the dataset information.
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Table 63: Basic information used to assess the ELCD biomass electricity dataset.

Stage Type Reference Comments
Schweinle 2000 Data on planting, forgst cgltgre, care of young stands, cleaning,
forest road construction, liming, wet storage
Klugmann, 2006
KWEF 2004 Fuel consumption data
Biomass E.Ttivzgggs Prices and yields
supply MUFV 2007 Liming requirements
Borken 1999
Rinaldi, 2006 Emissions from skidder and harvester
ADV 2007 Emissions from helicopters
Calculated based on Share of electricity between electricity and CHP plants
IEA, 2010 statistical
data
Calculated based on
IEA, 2010 statistical Efficiency
Basi data
erS;cmeters Calculated based on
IEA, 2010 statistical HTPR
data
Calculated based on
IEA, 2010 statistical Own consumption
data
Power Bref, 2005 Quality factor for exergy allocation
plant UNECC 2010 N20 and CH4 emissions. CO2 emissions calculated based on C
content.
EEA 2009 S02 and NOx emissions
Rentz, 2002 CO, NMVOC emissions, process water requirements
Emissions CEC 1991 Split of NMVOCs emissions
Gantner, 1996 Heavy metals and halogens. Ammonia slip
Brandt, 1991 ' '
Goldstein, 2002 Water consumption and water vapour releases
Gleick, 1994 Water discards
Infrastructure Schwaiger, 1996
End of life Schwaiger, 1996

v" Technological representativeness

Regarding the technology description, basic information has been extracted from the
dataset and the dataset provider (PE, 2012a). According to this information, the
technology aspects have been modelled as a technology mix based on the
penetration of each technology and using statistical data from the IEA.

= The electricity is either produced in a biomass (solid) specific power plants
and/or combined heat and power plants (CHP).

» The biomass (solid) supply considers the whole supply chain of the energy
carrier from production, processing and transport of the fuels to the power
plants.

Rate 1 (very good)

Electricity and CHP plants for producing electricity from
biomass and the different flue gas cleaning technologies
have been modelled as a technology mix.

Justification
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v" Geographical representativeness

The forestry model is generic and is based on a parameterized basic model so you
can model different types of trees via parameter settings. In principal the model can
be used for different tree species. However, the consumption data as well as their
emission levels are based on studies from Germany.

Data for the plants are to a large extent based on actual data for German power
plants.

Rate 2 (good)

Justification Domestic (DE) production data has been considered.

v" Time-related representativeness

Regarding the attached time representativeness information of the dataset, the
reference year is 2009 and the dataset is valid until 2014. Moreover, dataset states
that the time representativeness is an annual average.

Data for making the ‘DE: Electricity from biomass (solid)’ comes from a list of
references that has been attached in the software information, and summarized in
the table above (General comments). Data used to construct the forest model comes
from 2000 and some emissions data are also quite old. Infrastructure and end of life
data come from 1996.

Rate 2 (good)

Justification The reference year is 2009.

Some references are older than 2005.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list.

Table 64: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
0Ozone depletion 50
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 66.6
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1521
Share of elementary flows (%) =» second rate 95 = 1
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Rate 1 (very good)

Justification The whole impact categories can be assessed and the
959% of elementary flows are considered.

v Precision/uncertainty

Regarding the data selection and combination principles, the basic information
extracted from the dataset, in order to evaluate this criterion.

Data measured at representative power plants have been used to the extent possible.
Official figures of some of the emissions are also used.

Rate 2 (good)

Justification Elementary flows come from relevant literature (national
statistics and official publications).

Some references to define elementary flows come from
outdated literature.

v" Methodological appropriateness and consistency

Systerm boundaries and Eol modelling

Regarding the general flow diagram to produce the electricity from biomass and
according to the detailed information included in the technological representativeness
criterion, the whole processes have been covered.

Electricity from Biomass

Biomass Biomass Bioms]s
Production Transport ;:gmgjz:t

Biomass type 1

Biomass Biomass Biomass Biomass Bioms]s | Electricity
Production Transport Mixer Transport pﬁ:ﬁ:h':;m

Biomass type 2

Biomass Biomass Biomsls -
i power plan
Production Transport Eol
[ ]

Biomass type 3

Biomass type n

Figure 33: Flow diagram (system boundaries) of electricity from biomass production.
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Allocation

The extracted information from ‘Modelling and validation: LCI method and allocation’
is the following:

e LCl method principle: Attributional =» Situation A
e LCl methods approach: Allocation (market values, exergetic content).

e Deviations from LCI method approaches: For the combined heat and power
(CHP) production allocation by exergetic content is applied. Electricity and
power plant by-products, i.e. gypsum, boiler ash and fly ash are allocated by
market value due to no common physical properties.

e Modelling constants: All data used in the calculation of the LCI results refer to
net calorific value.

Rate 1 (very good)

Justification Situation A.
Dataset includes a ‘cradle-to-grave’ system process.
Dataset comprises EoL and infrastructure.

Allocation procedure has been applied by the exergetic
content (heat and power) and market value (by-products).
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GEMIS database Biomass-ST-EU-2010

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one TJ.

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the dataset information.

Table 65: Basic information used to assess the GEMIS biomass electricity dataset.

Stage Type Reference Comments

Biomass supply BMU Biomass, 2004 Biomass residues
Fritsche et al, 2010 Chipper data

Power plant OEKO 2005. Combustion of biomass

v" Technological representativeness

Regarding the technology description, data come from combustion of biomass (wood,
chips, straw) in new big steam-turbine (ST) power plant in Europe.

Rate 3 (fair)

Justification The technology aspects have been modelled by a generic
type of plant.

v" Geographical representativeness

Regarding the extracted information of the dataset in the software, data is applicable
to Europe. Nevertheless, raw material comes from Germany (wood-DE-forest-chips-
2010) and infrastructure material (steel and cement from DE) too.

Rate 1 (very good)

Justification Domestic production is considered (DE).

v' Time-related representativeness

The reference year is 2010, and the literature comes from OEKO (1989ff, 2005), BMU
(2004) and Fritsche et al (2010).

Rate 2 (good)
Justification Reference year is 2010, and literature comes from 1989-
2005.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list.
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Table 66: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) o*
lonizing radiation (Ecosystems) 0*
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0**
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 33.3%>
Resource depletion (water) 100
Land use 50
Number of considered impacts categories =» first rate 122
Share of elementary flows (%) =» second rate 90> 2

* Nuclear waste is included but elementary flows are not defined.
** Inorganic salt is included but elementary flows are not defined.

*** Nuclear resources are included but elementary flows are not defined.

Rate 2 (good)

Justification 12 impact categories can be assessed and 90% of
elementary flows are considered.

v Precision/uncertainty

According to dataset, data quality is medium (secondary, derived data). Data comes
from literature (see Time-related representativeness criterion), and there is no info
about elementary flows.

Rate 3 (fair)

Justification Main data comes from literature (Oko reports).
GEMIS auto-evaluation: secondary.

There is no information about the emission factors or
direct emissions.
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v" Methodological appropriateness and consistency

System boundaries and Fol modelling

Figures show a ‘cradle-to-grave’ scenario for producing electricity from biomass in a
Europe (based on Germany).

Infrastructure is included in a German scenario, but EoL modelling is not included.

biomass-residues

wtra-residuelwond-DE-Forest-2010

L == dizzelmotar-DE-agriculture-2010
chipper-bigywood-chips-forest-DE-2010

skra-generichwaker —
hiomass-5T-EL-2010

Figure 34: Flow diagram of electricity from biomass production, from GEMIS

Allocation

According to the extracted information of the software, situation A is assumed and
allocation procedures are considered, but not defined.

Rate 3 (fair)

Justification Situation A. Dataset includes a ‘cradle-to-grave’ system
process but it does not comprise EoL. Infrastructure is
included. Allocation procedure has been applied, but not
defined.
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E3 database Power Station / Biomass / ST CHP / Pfaffenhofen

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh.

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the dataset information.

Table 67: Basic information used to assess the GEMIS biomass electricity dataset.

Stage Type Reference Comments
CONCAWE, 2007 Fertilizer use
Wood
plantation Flessa et al 1998 Direct N20 emissions
B|omlass IPCC 2006 Guidelines: Indirect N20O emissions
Sy
PPy CONCAWE (diesel
2010) Chipper COz emissions data (diesel combustion)
Wood chipping
EE;V”S (diesel moto Chipper other emissions data (diesel combustion)
Basic
Power parameters Wittkopf 2005 Technical characteristics of a biomass power plant
plant — <T-DE-
Emissions GEMIS (Wood-ST-DE
10-MW-2000) CHa, N20, SO4 and NMVOC

v" Technological representativeness

Regarding the technology description, data come from combustion of biomass in a
steam-turbine (ST) power plant in Pfaffenhofen (Germany).

Rate 3 (fair)
Justification The technology aspects have been modelled by a generic
plant.

v" Geographical representativeness

Regarding the extracted information of the dataset in the software, the plant is sited
in Germany; the raw material (wood chips) comes from Germany.

Rate 1 (very good)

Justification Plant sited in Germany.

Domestic production has been considered (Germany).

v' Time-related representativeness

The reference year is 2001, and references come from the references detailed in the
table above and GEMIS (2002, 2011), Paustian et al (2006) and Kaltschmitt et al
(2001).
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Rate 2 (good)

Justification The reference year is 2001.

Reference period comes from 1998-2007.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 68: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 0
Human toxicity (non cancer) 0
Particulate matter 100
lonizing radiation (Human Health) 0
lonizing radiation (Ecosystems) 0
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0
Eutrophication (marine) 100
Ecotoxicity (freshwater) 0
Resource depletion (minerals, fossil & renewable) 333
Resource depletion (water) 0
Land use 0
Number of considered impacts categories =» first rate 794
Share of elementary flows (%) =» second rate 902> 4
Rate 4 (poor)

Justification Only 7 impact categories can be assessed and the 90%

of elementary flows are considered.

v" Precision/uncertainty

According to dataset, data precision is good for the power plant. There is no info
about elementary flows. Data of main emissions (CH4, N2O, SO, and NMVOC) derive
from GEMIS dataset ‘wood-DE-forest-chips-2010’.

Rate 3 (fair)

Justification References come from literature database (GEMIS).

E3 auto-evaluation: data precision is good.

v" Methodological appropriateness and consistency

Systern boundaries and EolL modelling
A cradle to gate system is assumed.

There is no information about infrastructures.

153



There is no information about EoL procedures.
Allocation

No information about allocation procedures, but could be assumed as GEMIS, because
of the references.

Rate 5 (very poor)

Justification Cradle to gate system.
EoL and Infrastructures are not included.

Allocation procedure has not been defined, but assumed
as GEMIS.
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Results, findings and recommendations

The ELCD biomass dataset analysed scores very well in the Technological and
geographical representativeness, completeness and methodology criteria. Concerning
time representativeness, and precision criteria, ELCD dataset scored 2, while the other
analysed databases did not score better. None additional authoritative source was
found that could improve the ELCD dataset.

It is important to highlight that the score is valid as far as German conditions are
referred since the analysed dataset is developed for Germany. However, if this
dataset is going to be used for other European conditions, the scores in TeR, GR and
probably P criteria would be much lower.

C criterion is 95% fulfilled with the elementary flows. In order to achieve the criterion
in a 100% share the following flows have to be considered: Halon 1211 for ozone
depletion; and cadmium and indium for resource depletion impact category.

As a conclusion, the dataset scores very well if German conditions are assumed.
However, the results, especially from the forestry module, cannot be extrapolated to
the European conditions since forestry management activities are very variable
across Europe. The dataset should be split in several ones representing other forestry
management practices and yields such us Nordic or Mediterranean countries
forestry®.

Table 69: Findings and recommendations summary for ‘DE: Electricity from biomass’ dataset

Indicator ELCD data quality rating Findings or recommendation for improving
TeR 1 Results cannot be extrapolated to EU conditions
GR 1 Results cannot be extrapolated to EU conditions
TiR 2 -
C 1 Inclusion of Halon 1211, cadmium and indium
2 Results cannot be extrapolated to EU conditions
M 1 -

'* Nevertheless, GaBi database includes datasets for different regions.
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3.7. Electricity from solar power (photovoltaic)

Evaluation: Germany

ELCD database DE: Electricity from photovoltaic (AC, technology mix of CIS,
CdTE, mono crystalline and multi crystalline | production
mix, at power plant | 1kV - 60kV)

v" General comments and/or relevant information

The dataset represents the environmental impacts for the production of one kWh
from photovoltaic power plants including own consumption of the power plants.

The dataset covers all relevant process steps and technologies along the supply chain.
A global average share of different PV technologies is considered: Mono-Silicon 47.7
%, Multi-Silicon 38.3%, Cadmium-Telluride (CdTe) 6.4 %, Amorphous-Silicon 5.1 9%,
Ribbon-Silicon 1.5 %, and Copper-Indium-Gallium-Diselenide 1.0 %. It is assumed that
the assembly of the photovoltaic panels takes place in Germany. Country / region
specific annual irradiation values are taken into account. The inventory is partly based
on primary industry data, partly on secondary literature data.

Different types of photovoltaic systems are modelled individually and mixed to a
national / regional specific technology mix. For each of the types, the infrastructure
data (manufacturing) are modelled on basis of averaging several selected panels and
calculating on averaging material demand per kWh produced electricity. The operation
phase of PV models is completed by individual national / regional operation data.

The dataset can be used for all LCA/CF studies where medium voltage electricity from
photovoltaic (PV) is needed. Combination with individual unit processes using this
commodity enables the generation of user-specific (product) LCAs.

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the dataset information.
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Table 70: Basic information used to assess the ELCD solar PV electricity dataset (DE).

Stage Type Subtype Reference Comments
Silicon B B
carbide
Raw MG-silicon - _
materials MG silicon to _ _
(based Purified plLlJ.nﬂcatloln
o silicon, solar
silicon silicon & - ) i
products) crystalline grade Siemens
silicon process
CZ single B B
crystalline silicon
Some data updated to year 2008; LCl and LCA
of PV systems. 20111IA -PVPS-TASK 12
. Single si - Not referenced Methodology Guidelines on Life Cycle
Silicon Assessment of Life Cycle Assessment of
wafer Photovoltaic Electricity
production multi-Si ~ most data inventory from Eur'opean production
plants (average 3 companies) in 2005 and 2006
wafer
factory
Silicon solar _single Si - -
cell multi Si - -
production ribbon-Si - -
PV panel single Si - -
and multi Si - -
lamlnatg ribbon-Si ) .
production
Thin films CdTe Held 2011 Plgnt in Germany in 2008;allocation by market
anel and price
'lj . Production data 2008-2009; annual measures
ammat? Cls Lozanovski 2010 of relevant flows; no EoL data or
production decommissioning of modules
Balance of ~ Mounting - -
systems
system Roof _ -

v" Technological representativeness

Regarding the technology description (including the background system), the basic
information extracted from the dataset, in order to evaluate this criterion, is written

down.

A global average share of different PV technologies is considered: Mono-
Silicon 47.7 9%, Multi-Silicon 38.3%, Cadmium-Telluride (CdTe) 6.4 %,
Amorphous-Silicon 5.1 %, Ribbon-Silicon 1.5 %, and Copper-Indium-Gallium-
Diselenide 1.0 %.

The photovoltaic model is based on the mix of different photovoltaic
technologies installed. All technologies are modelled individually. The
manufacturing and operation life cycle phases are considered in all models.
End-of-life of the panels is not included since there are no common
technologies to reuse/ recycle them. Operational life times of the panels are
modelled with 20 years.

The following average efficiencies per technology are used: Mono-Silicon 14.0
%, Multi-Silicon 13.2%, Cadmium-Telluride (CdTe) 9.0%, Amorphous-Silicon
5.5 9%, Ribbon-Silicon 11.2 %, Copper-Indium-Gallium-Diselenide 11.0 %.
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Rate 1 (very good)

Justification The dataset has been modelled taken into account the
technology mix of the different PV technologies currently
available at the commercial level and their efficiencies.

Data reported by the European Photovoltaic Technology
Platform, a relevant Authoritative Body, related to the cell
technology shares in 2008 has been used.

v" Geographical representativeness

Regarding the information included in the dataset, the basic information, in order to
evaluate this criterion, is remarked below.

The dataset represents the average national or region specific electricity production
based on solar energy by use of photovoltaic. Main technologies on electricity
generation are considered according to the national or region specific situation.

Rate 1 (very good)

Justification The geographical aspects have been modelled according
a regional specific production (DE). Data to model the
dataset have been taken from previous studies from
German production plants.

v" Time-related representativeness

Regarding the attached time representativeness information of the dataset, the
reference year is 2009 and the dataset is valid until 2014. Moreover, the dataset
states that the time representativeness is an annual average.

Data for making the ‘DE: Electricity from photovoltaic’ comes from a list of references
that has been attached in the software information.

Rate 1 (very good)

Justification Data used to model the production of single- and multi-Si
are from 2005 and 2006. Some updating factors have
been used for the efficiencies and energy inputs (year
2009). In the case of CdTe PV modules, data from a
production facility in Frankfurt have been used and refer
to year 2008, while the data used for the CIS modules
were collected between 2008 and 20069.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

158



Table 71: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 66.6
Ozone depletion 66.6
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 0
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1521
Share of elementary flows (%) =» second rate 95> 1
Rate 1 (very good)

Justification 15 impact categories can be assessed and the 95% of

elementary flows are considered

v" Precision/uncertainty

Regarding the data selection and combination principles, the basic information
extracted from the dataset, in order to evaluate this criterion, has stated that the
majority of relevant elementary flows have been obtained from literature (see table
of references in General comments and/or relevant information).

Rate 1 (very good)

Justification Data used to model the production of single- and multi-Si
have been collecting from 3 Western European
production plants. In the case of CdTe PV modules, data
were provided by a production facility in Frankfurt, while
the data used for the CIS modules were collected from a
German production plant.
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v" Methodological appropriateness and consistency

System boundaries and Fol modelling

All stages have been included in the system boundaries of the dataset. End-of-Life of
the PV-modules has been excluded, although it is shown in the figure provided by the
database.

Electricity from Photovoltaic (PV)

PV PV PV

construction use phase (18

Electricity
Figure 35: Flow diagram (system boundaries) of electricity from PV production.

Allocation

The information provided within the dataset related to “Modelling and validation: LCI
method and allocation” is the following:

e LCl method principle: Attributional =» Situation A
e LCl methods approach: NOT APPLICABLE.

e Modelling constants: All data used in the calculation of the LCI results refer to
net calorific value.

Rate 2 (good)

Justification The situation of the database has been identified as situation
A and the dataset described a “cradle-to-grave” inventory.

The documentation of the dataset states that EoL of the PV
panels has not been taken into account.

Allocation procedures have been applied based on the market
prices, due to the high value of the co-products compared to
their weights.
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Ecoinvent database

Electricity, production mix photovoltaic, at plant/DE

v" General comments and/or relevant information

The functional unit of the datasets refers to the production of one kWh.

The model for photovoltaic (PV) energy systems describes the production of electricity
with photovoltaic small power plants newly installed in Switzerland.

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations) It
has been extracted from the Ecoinvent (2009) report.

Table 72: Basic information used to assess the Ecoinvent solar PV electricity dataset (DE).

Stage Type Subtype Reference Comments
Silicon Average data from 4 companies + literature (
- Not referenced based on raw material inputs and data for
carbide N
energy use and emissions)
Hagedorn 1991;
IPPC 2001;
MG-silicon ﬁzlmj-rsiggién Publication of plant specific data in a European
Raw 2007: survey
materials Liethschimidt
(based 2002; EPER
" MG silicon to Inventory for the largest European production
silicon purification Wacker 2002 plant (from literature)
products) . . Confidential data and modifications from
Purified silicon, solar de Wild-Scholten  Jungbluth (2003), average data from one
silicon & grade Siemens 2007 company and estimated data from another
crystalllne process company
silicon de Wild-Scholten
CZ single 2007; Wacker Taken from a plant in Germany published (from
crystalline silicon ~ 2006; Hagerdon literature).
1992
single Si - Data collected from an environmental report for
Silicon multi-Si j Not referenced a production plant (calculated and collected at
wafer the factory)
. de Wild-Scholten
prOdUCtlon wafer 2007; Wacker Environmental report (from literature)
factory
2006;
Silicon solar _single Si
cell multi Si Data collected from 5 specific processes and
production ribbon-Si companies
PV panel single Si
and multi Si Environmental reports, direct contacts with
laminate Not referenced factories and publication of plant data, from
. ribbon-Si production plants in Western Europe
production
Thin films CdTe ;g};};akls 2004, From production plant
pangl and Wdrth Solar Personal communication
laminate cs Naujoks 2000 Data for other producers
production Knapp & jester
2000 Pilot plant
Balance of Mounting de Wild-Scholten From literature and producers
system systems 2007
Roof Schwarz 1992 Estimations
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v" Technological representativeness

The technology considered to model the dataset is described in the LCI report
(Ecoinvent, 2009) and it is shown next:

= Annual output of grid-connected PV power plants differentiated for Roof-Top
and Facade plants. Literature data for optimum installation and not real
performance in the country have been corrected with a factor of 92%
according to experiences in Switzerland for average production. Mix of PV-
plants based on worldwide average and own assumptions. A lifetime of 30
years is taken into account for the PV installation.

» The following processes are included: Production mix of photovoltaic electricity
in the country. Annual output, Roof-Top: 744, Annual output, Facade: 516 kWh
/ kWp. Amount of solar energy transformed to electricity. Waste heat emission
due to losses of electricity in the system.

The dataset states that the technology data have been investigated for Switzerland.
Several PV cell technologies have been considered, producing electricity under
different efficiencies:

mc-Si: 52.6%; efficiencies between 11-16%.

= 5c-Si: 38.6%; efficiencies between 13-18%.

* a-Si: 4.489%; efficiencies between 7-9%.

* ribbon-Si: 2.76%; efficiencies between 10-12%.
= (CdTe: 1.33%

= (IS:0.191%

Rate 2 (good)

Justification The technology aspects have been modelled as a PV
technology mix based on worldwide average production.
The PV technologies currently available at the commercial
level have been included, taken into account the
efficiencies for each technology. However, the shares of
these technologies to the PV mix are not in line with the
European context.

v" Geographical representativeness

The dataset is modelled based on the manufacturing processes for European and
North-American production. A correction factor has been applied according to
experiences in Switzerland for the cells efficiencies.
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Rate 2 (good)

Justification The dataset has been modelled considering technology
production processes of Europe and North America. The
report related to this process states that Germany is the
highest PV cells producer and therefore, data from
German companies have been taken. In the case of PV
panels and laminated, Western Europe plants were
analysed.

Some correction factors have been applied to adapt the
dataset to the Swiss context. Although, no additional
factors have been used or are documented to extrapolate
the dataset to the German production, the Swiss and
German contexts can be assumed to be similar.

Country-site specific information related to the grid would
increase the geographical representativeness.

v" Time-related representativeness

All information used to model this dataset is included in the report “Part Xl
Photovoltaic” (Ecoinvent 2009). This document contains a review and an update of
the previous reports related to photovoltaic datasets. The time reference is the
following: ‘Electricity, productions mix PV, at plant, DE”: 2007.

Rate 1 (very good)

Justification The reference year of the dataset is 2007.

This dataset has been updated several times based on
the first dataset provided by Ecoinvent.

A big share of the foreground data to model the dataset
was collected directly from photovoltaic companies along
different projects from 2002 to 2006.

The most relevant references used in the current dataset
are related to the period 2002-2007. Old references have
been also used in few cases, i.e. the mounting system but
it does not decrease the time representativeness of the
dataset.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.
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Table 73: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 100
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate 10021
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

100% of elementary flows are considered

v" Precision/uncertainty

The basic information related to the precision provided by the dataset templates does
not allow to accurately evaluating this criterion. The dataset cites several literature
sources that have been used.

In order to deeply evaluate this criterion, it has been necessary to review the
additional documentation published by the database owner (Ecoinvent 2009).

Rate 1 (very good)

Justification Life cycle inventory used to model the production of the
different cells, panels and laminates have been taken
from production plants or literature, which included
manufacturing data from real companies. Some data
were collected directly from the companies based on
questionnaires.

In the case of thin film technology, also personal
communication with the production plants was used to
collect data.
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v' Methodological appropriateness and consistency

System boundaries and Fol modelling

All subsystems shown in the figures are included in the system model. The
investigated product systems include quartz reduction, silicon purification, wafer,
panel and laminate production, manufacturing of converter and supporting structure.
The operational lifetime for all panels is 30 years. Furthermore, transports of
materials, energy carriers, semi-finished products, complete power plant, and waste
treatment processes for production wastes and end of life wastes are considered. Air-
and waterborne process-specific pollutants are included as well.

Regarding EoL, for the dismantling of photovoltaic power plants standard scenarios
from the Ecoinvent project have been taken into account. Larger metal parts of the
system and silicon are recycled. The remaining parts are incinerated or land filled.

Infrastructure is included: Process data for manufacturing the converter and of the
electric equipment includes construction materials, energy requirement (for converter
only), packaging materials (for converter only) and transport services.

| silica sand |
!
| MG-silicon |
‘ MG-silicon pL_J_riﬁcalion ‘ ---_{::-_-?Lf_'_:'--——--.___
_e,-——-"'________ + __________‘————g -H---““'-ﬁ --____""-—-;
| sics | | EGsiicon | | offgradesiicon | [ SoG-siicon | [ Silane

‘ silicon mix for photovoltaics |

e
CZ-sc-silicon

crystallisation

h
\u/ r Amorphous silicon
| wafer sawing | silicon ribbans deposition (a-Si)

— —_—

| cell production |

electric components ‘ ‘ panel- or laminate production | | mounting systems

| installation SRWp plants |

v
| operation |

.

electricity

Figure 36: Subsystems for PV silicon based plants (Ecoinvent 2009).
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Figure 37: Subsystems for PV thin film based plants (Ecoinvent 2009).

Allocation

Allocation has been applied in several processes, where other co-products were
obtained. This is the case of the purification of MG-silicon process. The allocation rule
followed by the database providers is based on the revenues of the different co-

products.

Situation A is assumed.

Rate

1 (very good)

Justification

The dataset describes a “cradle to grave system”, in
which all stages have been accounted, including the
infrastructures, transport services as well as dismantling
and end of life.

Whenever needed, economic allocation has been applied,
which is in line with the recommendations given by the
ILCD handbook for situation A.
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GEMIS database Solar-PV-mono-framed-with-rack-DE-2010
Solar-PV-multi-framed-with-rack-DE-2010

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one TJ. This evaluation
includes two separate datasets according to the most usual technologies to produce
electricity from solar power, photovoltaic, in Germany.

v" Technological representativeness

Regarding the technology description of each dataset:

e Data from ‘mono’ come from a PV plant with 3.36 kWp, consisting of 20
monocrystal modules units, each of which has an installed capacity of 0.175
kWp. The installation takes place on a roof. Data for materials are own
estimated. The plant is mounted with an angle of 30°. The inverter has an
efficiency of 96%. Per module an area of 1.25 sq m is needed. The weight per
module is 17.4 kg. The efficiency of the modules is 11.56% based on the solar
isolation. Here, the efficiency set to 100% to comply with the rules for the
cumulated energy requirements.

e Data from ‘multi’ come from a PV plant made of 20 multicrystalline modules
(165 Wp each), total capacity 3.168 kWp. The installation takes place on a
roof. Data for materials are own estimated. The plant is mounted with an
angle of 309°. The inverter has an efficiency of 96%. Per module an area of
1.25 sq m is needed. The weight per module is 17.4 kg. The efficiency of the
modules is 11% based on the solar isolation. Here, the efficiency set to 100%
to comply with the rules for the cumulated energy requirements.

Rate 3 (fair)

Justification The dataset has been modelling considering only two
types of PV technologies, mono-crystalline and multi-
crystalline, which does not reflect any technology mix for
Germany. The information provided with the dataset
refers to the report “Environmental LClI of crystalline
silicon PV modules production”, published by ECN in 2005.
This report includes information related to the production
of PV modules in different German plants. Data were
collected in 2004. The meta-data of the dataset does not
allow identifying which technologies from this report has
been used. Additionally, the efficiency of the inverter
reported by the dataset, 96% is high compared to other
sources from the similar years (Haberlin et al. 2006;
Kampfer, 2006) that provided measured efficiencies
around 93-94%.

v'  Geographical representativeness

The dataset claims to represent the German situation. To model the dataset, two
main references have been used, which provided data from the production of PV
modules.
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Rate 1 (very good)

Justification The data used to model the dataset are related to the
production of PV modules in European and USA
companies, which reflected the market context at the
time, year 2004. German plants were studied due to the
high share of the market that Germany had as producer.

v" Time-related representativeness

The reference year is 2010. The references used to model this dataset can be divided
into two groups:

e Foreground data references: de Wild-Scholten et al (2005), ECN (2005) and
DLR (2010).

e Background data references related to: steel (ETH, 1996), aluminium
(Metalstatistiks, 1995), and copper: Verien Deutscher Ingenieuer (VDI, 1997).

Rate 4 (poor)

Justification Although the dataset refers to 2010, reviewing the
references, it can be noticed that the foreground data
collected to model the dataset defined production plants
from 2004.

Concerning background data, data used in the dataset
refers to years 1995-1997.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 74: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
0Ozone depletion 0
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) o*
lonizing radiation (Ecosystems) 0*
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) o**
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 33.3%
Resource depletion (water) 100
Land use 50
Number of considered impacts categories =» first rate 122
Share of elementary flows (%) =» second rate 90> 2

* Nuclear waste is included but elementary flows are not defined.
** Inorganic salt is included but elementary flows are not defined.
*** Nuclear resources are included but elementary flows are not defined.
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Rate 2 (good)

Justification 12 impact categories can be assessed and 90% of
elementary flows are considered.

v Precision/uncertainty

There is no so much information to evaluate the precision of this dataset, therefore
the rating of this criterion has been done based on the references used to model the
dataset.

Rate 3 (fair)

Justification The main data used for modelling this dataset have been
taken from the literature (de Wild-Scholten & Alsema
2005). This study analysed several production plants in
Europe and the USA that have been measured and
collected for the study.

However, due to the lack of information, it is not possible
to identify which data have been used in the dataset.

v" Methodological appropriateness and consistency

Systerm boundaries and EolL modelling

Figures show a ‘cradle-to-grave’ scenario for producing electricity from solar PV in
Germany. Infrastructure is included in a German scenario, but EoL modelling is not
included.

sSUM

salar-PY-rono-framed-with-rack-DE-2010

Figure 38: Flow diagram of electricity from PV production (monocrystal), from GEMIS

sUn

salar-PY-rmulki-Framed-with-rack-DE-2010

Figure 39: Flow diagram of electricity from PV production (multicrystalline), from GEMIS

Allocation

According to the extracted information of the software, situation A is assumed and
allocation procedures are considered, but not defined.
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Rate

3 (fair)

Justification

Based on the documentation provided by the database,
the dataset has been modelled from cradle to gate,
although it is not possible to identify the different stages
in the dataset. Infrastructures have been included in the
system boundaries, while the EoL stages have been
excluded.

The dataset also states that allocation has been applied
when necessary, however, there is no information
concerning the type of allocation and the co-products.
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E3 database Power Station / Photovoltaic / multi crystalline (990 kWh)

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh.

v" Technological representativeness

Regarding the technology description, data come from a PV plant made of
multicrystalline modules, with alumina frame, without rack, 990 kWh/kWp/a, and
efficiency: 9.66%.

Rate 4 (poor)

Justification The dataset has been modelling considering only one
type of PV technologies, multi-crystalline, which does not
reflect the technology mix for Germany. Even in the case
that the analysed technology could be considered as
representative for Europe, it is not possible to analyse it
in details due to the lack of information in relation to the
origin of the data.

Based on the documentation of the dataset, literature
data have been taken from one reference, production of
PV, 1995, which has not be found as a report, only cited
by other authors.

It is not possible to identify which data from the report
have been used to model the dataset.

v" Geographical representativeness

Regarding the extracted information of the dataset in the software, the plant is
generic, and there is no clear information about its situation.

Rate 5 (very poor)

Justification The dataset refers to a generic power plant. Based on the
information from the dataset, more details about the
plant should have been described in the literature used.
However, it has been impossible to find the report,
“Solarfabrik''96; Studie im Auftrag von Greenpeace®,
being therefore impossible to analyse the geographical
representativeness.

v" Time-related representativeness

The dataset states as reference year 1992. To model the dataset, as already
mentioned, two references are provided in the documentation: GEMIS (2002) and
Altmann et al (1995).
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Rate 4 (poor)

Justification Based on the reference year of the dataset, 1992, the
two references given in the dataset documentation
have been searched in order to evaluate the time
representativeness. However, it has been impossible to
find the mentioned references.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 75: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 0
Human toxicity (non cancer) 0
Particulate matter 100
lonizing radiation (Human Health) 0
lonizing radiation (Ecosystems) 0
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0
Eutrophication (marine) 100
Ecotoxicity (freshwater) 0
Resource depletion (minerals, fossil & renewable) 333
Resource depletion (water) 0
Land use 0
Number of considered impacts categories =» first rate 794
Share of elementary flows (%) =» second rate 902> 4
Rate 4 (poor)

Justification Only 7 impact categories can be assessed and the 90%

of elementary flows are considered.

v Precision/uncertainty

According to dataset, data precision is middle for the power plant. There is no info
about elementary flows.

Rate 4 (poor)

Justification The documentation provided by the database owner does
not allow a proper evaluation of this criterion.
Additionally, the references cited by the dataset were not
available at the time this evaluation was conducted.
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v' Methodological appropriateness and consistency

System boundaries and Fol modelling

Based on the dataset appearance, a cradle to grave analysis has been conducted to
model the system, including the infrastructures. The dataset also provides some
space to include data concerning the EoL.

Allocation
No information related to allocation procedures is provided with the documentation.

Rate 5 (very poor)

Justification Although the dataset allows the user to include some
information to consider a cradle to grave system, it is not
clear due to the lack of information whether all stages
have been included or not in the dataset. .

The same applies for allocation rules, where there is no
information, neither at the references level.
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Results, findings and recommendations

The ELCD dataset performs the best in 5 of 6 categories. The dataset has been
modelled in a way that the European current technology is included. Among the other
databases, the ELCD dataset contains the most updated information and provides
deep details concerning the precision of the data used. To model this technology at
least two relevant Authoritative Bodies have been used: the European Photovoltaic
Technology Platform and the EurObserv’ER Barometer (www.eurobserv-er.org). The
European Photovoltaic Industry Association (www.epia.org) provides detailed
information related to the evolution of this sector yearly, and should be considered a
relevant source for future versions.

Completeness criterion, although rated with the highest score, 15 of 16 impact
categories are fulfilled and the 95% of relevant elementary flows are considered. In
order to fulfill the criterion in a 100%, the following flows should be considered: CFC-
14 for climate change; Halon 1211 for ozone depletion; and indium for resource
depletion impact category (not considered).

There is only one category in which other database performs better, the Methodology
criterion. The dataset modelled by Ecoinvent (2009) includes a basic scenario of
dismantling and waste treatment of the plants, considering main materials, such as
steel or plastics. The study from Lozanovski & Held (2010) provides information
about end of life and dismantling processes of CIS-PV-modules that could reflect a
state of art in future versions. ELCD should include also an EoL scenario in future
versions.

Table 76: Findings and recommendations summary for ‘DE: Electricity from solar power PV’ dataset

Indicator ELCD data quality rating Findings or recommendation for improving
TeR 1 -
GR 1 -
TiR 1 -

Include elementary flows to increase completeness for Climate Change and

¢ 1 Ozone Depletion.
P 1 -
M 2 Include basic scenario of dismantling and waste treatment of the plants, (see

Ecoinvent 20089; Lozanovski and Held 2010).

6 See footnote 12.
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4. Evaluation; Crude oil based fuels datasets

4 1. Evaluation: Diesel mix EU-27

ELCD database EU-27: Diesel mix at refinery (from crude oil and bio
components | production mix, at refinery | 10 ppm sulphur,
5.75 wt.% bio components)

v" General comments and/or relevant information

The dataset represents the environmental impacts for the production of one kg of
diesel.

The data set covers the entire supply chain. It includes well drilling, crude oil
extraction, transportation both by pipeline and/or by vessel to the refinery and final
processing. The main technologies such as conventional (primary, secondary, tertiary)
and unconventional production (oil sands, in-situ) are individually considered for each
crude oil production country, including parameters like energy consumption, transport
distances, crude oil processing technologies. The country / region specific downstream
refining technology, type of crude oil and final products properties are also
considered. The biogenic components blended to the fossil fuel are modelled
individually. The inventory is mainly based on industry data and has been completed,
where necessary, by secondary data.

The coverage of the exploration and well drilling data are 90% of mass and energy
and 95% of the environmental relevance (according to expert judgment).

In terms of the country / region specific crude oil production and refining, missing
data of certain parameters have been taken from countries with a comparable
technology. Data measured at a group of representative production facilities have
been used to represent the national production.

v" Technological representativeness

The technology description of a refinery (including the background system) and other
basic information have been extracted from the dataset and also provided by
database owner (PE, 2012b). The most relevant details are written down.

e The dataset describes a mass-weighted average refinery for the respective
country / region.

e The data set considers the whole supply chain from crude oil exploration / well
installation, production, transport to refining operation. If indicated in the
process name, some fuels have certain shares of bio-components. The supply
of these bio-components (bio-ethanol and bio-diesel) is modelled according to
the national / regional situation).

e All important material and energy flows (input- output) are shown in the
following graph system boundary of the refinery model.
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Figure 40: System boundary of a refinery (GaBi software).

e Furthermore a simplified flow chart is shown below. The arrangement of these
processes varies among refineries, and few, if any, employ all of these
processes.
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Figure 41: Refinery flow chart (GaBi software).
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Rate

1 (very good)

Justification

The technology aspects have been modelled as the
European (EU-27) technology mix regarding facts and
outputs. The dataset models the country specific crude oil
productions, considering the different shares of each
country to the European mix, based on the IEA statistics.
Both onshore and offshore extractions have been included.
Transport distances are included based on the real location
of the wells and installations. Real refinery installations
have been used to model the refining process.

v' Geographical representativeness

The dataset provides information related to the geographical representativeness. The
most relevant information is shown below.

The data set represents the national / regional consumption mix (supply mix) including
domestic production and imports. Supply mix is showed in the next figure.
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Figure 42: Crude oil mix in EU-27 by country of origin in 2008 (GaBi software; IEA 2010e).

Rate

1 (very good)

Justification

The geographical aspects have been modelled according
the current crude oil EU-27 mix share, as described in the
pre-analysis.

The crude oil exporter countries have been included in the
modelling, taken into account their relevance, based as
reported by the IEA.

Additionally, the European mix of diesel has been
modelled considering the share of each European country
to the total final product.
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v" Time-related representativeness

The time representativeness information of the dataset refers to 2009 and it states a
valid period until 2014 and an annual average representativeness.

Most of the data used to model the ‘EU-27: Diesel mix’ have been collected from
Authoritative Bodies statistics and reports during the last years. A list with these
references has been attached in the software information.

Rate 1 (very good)
Justification The reference year is 2009, being valid the dataset until
2014,

Foreground data collected to model the dataset refer to
years 2007 to 2009. Some older data have been used
from literature but do not affect the time-related
representativeness.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 77: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 333
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 86.6
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate %21
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

96% of elementary flows are considered
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v Precision/uncertainty

The most relevant information to evaluate this criterion is described below.

As mentioned before, the dataset has been modelled using industry data and
literature data from Authoritative Sources, such as the IEA (IEA, 2009), EC-JRCs of the
European Commission. The data sources for the complete product system are
sufficiently consistent. Other relevant information has been collected from Business
Associations like CONCAWE, EUCAR and the European Petroleum Industry (Europia,
2008).

Rate 1-2 (very good-good)

Justification The data used to model the dataset have been mainly
collected from the industry involved in the sector and
from reports and statistics published by Authoritative
Sources and Business Associations. Additionally, some
data have been calculated based on the technical
descriptions, such as the quantity of water or steam
injected in the well to extract the crude oil, Other data
have been obtained from literature, such as data related
to solid waste or waste water treatment.

It must be highlighted that emissions from the relevant
elementary flows have been double checked based on
the statistics and on emissions factors (taken into
account the fuel qualities).

v Methodological appropriateness and consistency

System boundaries and EolL modelling

Based on the general flow diagram for diesel mix, it can be seen that the whole
processes have been covered in the system boundaries (see Figure 40).

The dataset includes the whole supply chain from crude oil exploration / well
installation, production, transport and refining. If indicated in the process name, some
fuels have certain shares of bio-components. The supply of these bio-components
(bio-ethanol and bio-diesel) is modelled according to the national / regional situation).

Allocation

The extracted information from ‘Modelling and validation: LCI method and allocation’
is the following:

e LCl method principle: Attributional =» Situation A.
e LCl methods approach: Allocation (net calorific value, mass).

e Modelling constants: All data used in the calculation of the LCl results refer to
net calorific value.

The data supplier has added detailed information about the allocation in the GaBi
refinery model (PE, 2012b): The ‘backpack allocation’, a procedure that is described
below.
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e The environmental burdens of the following processes listed below must be
allocated to the refinery products:

e The emissions of the refinery power plant (incl. the power plant itself,
converting plants, decentralized boilers, storage, and losses).

e The impact of the crude oil supply (crude oil mix).

e The impacts of electricity supply (electricity which is used in addition to the
one produced in the power plant; electricity mix).

e The impacts of the natural gas supply (if natural gas is used; natural gas mix).
e The impacts of the methanol/ethanol supply (if MTBE/ETBE is produced).

e The impacts of hydrogen supply (if hydrogen of external sources is used).

An appropriate allocation factor must be chosen and its suitability must be justified:
The emissions caused by refining are allocated similarly to the impacts of the
upstream chains external electricity and natural gas following a mass allocation. The
impacts related to the crude oil supply are allocated by energy content to the
products. Impacts from methanol/ethanol supply are assigned directly to the
applicable products (e.g. the methanol and ethanol to the produced gasoline).

Regarding the crude oil demand (or the burden of crude oil supply), it is allocated to
the refinery product according to the quantity produced in the unit process and its
energy content. Hence, crude oil consumption of a product is allocated according to its
net calorific value.

The thermal energy demand required for the production of a product corresponds to a
value that is relative to its weight percent of the total mass. Then, it is allocated by
mass, in the same manner that the electricity demands.

The Backpack Principle is used in allocation processes. Since most of the products
pass through a great number of processes within the refinery, all refinery processes
must be considered and allocated to the final products. More complex products, such
as fuel, require a higher electricity and energy demand compared to products which
undergo fewer refinery processes, such as vacuum residue which can be used directly
as bitumen.

Each output of the refinery unit processes is assigned a ‘backpack’ of allocated crude
oil, energy and electricity demand. Thereby the backpack of feedstock plus the energy
and electricity demand of the subsequent processes are allocated to the products and
hence the backpack continues to accumulate during subsequent travel through the
refinery.

There are significant differences in energy and electricity demands of each unit
process. There are also differences in the number of processes a finished product
undergoes over the course of its production route. But the backpack principle
guarantees that each finished product is assigned the environmental impact of all
processes over the course of tits production pathway (e.g. Gasoline derived from
atmospheric distillation, which only undergoes gasoline desulphurization and passes
through the catalytic reformer, has a smaller backpack than gasoline produced via
atmospheric distillation followed by vacuum distillation, vacuum distillate
desulphurization, and FCC because more processes are involved; or vacuum residue
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which can be sold directly as bitumen has a smaller backpack than the finished diesel
fuel product).

Rate 1 (very good)

Justification Situation A.
Dataset includes a ‘cradle-to-grave’ system process.
Dataset comprises EoL and infrastructure.

Allocation procedure has been applied by the net calorific
value and market value.

Use of the ‘Backpack’ allocation.
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Ecoinvent database Diesel, at refinery/RER

v" General comments and/or relevant information

The functional unit of the datasets refers to the production of one kg.

The inventories of the oil energy system describe the production of oil products (like
petrol, naphtha, diesel, etc.) for energetic and non-energetic uses.

Relevant information about the sources of data is summarized in the following table
(references in bold are assumed as Authoritative Sources or Business Associations).
The table has been extracted from the dataset information and the document
Ecoinvent (2007).

Table 78: Basic information used to assess the Ecoinvent crude oil products datasets.

Stage Type Reference Comments
Oil field
exploration Frischknecht 1996 Mainly emissions for North Sea exploration.
Crude oil BP Amoco 2001 Import/Export share of production.
production Jupgbluth 2004 Ma|'n world productions.
Faist Emmenegger 2003 Emissions.

Distances for refineries in Switzerland and Europe.

Transport Not referenced High sea and inland tanker, as well as onshore and

offshore pipelines are included.

Use of national average efficiencies.
Use of an average chemical composition of the

Infrastructure Not referenced fuel.
Emissions rely on national sources.
oil refini Average land use based on literature.
it retining Full LCI with the unit data for all
LCl u wi e unit process data for a
Junghiuth 2004 production stages
Emissions IPCC 2001; Doka 2003 Eenfeirrlgxr/i::d material flows of Swiss and EU
Allocation Frischknecht 1996 Use of allocation factors for relative energy use

and electricity.

v" Technological representativeness

Regarding the technology description about diesel described in the LCl report
(Ecoinvent, 2007) and the dataset info, the basic information, in order to evaluate this
criterion, is written down.

» Technology: Assumption for average technology.

= The processes Included in the module are all the processes on the refinery site
(a ‘cradle-to-grave’ approach: oil field exploration, crude oil production, long
distance transportation and oil refining) excluding the emissions from
combustion facilities, including waste water treatment, process emissions and
direct discharges to rivers.

= The module includes the ‘refinery, RER’ dataset as infrastructure. It includes
the infrastructure for chemical processing and land use, and no data for
construction, storage facilities and office buildings. The inventory describes the
use of materials for the refinery equipment and the land use for a refinery
with an annual capacity of 1 Mt of crude oil throughput and a life time of 30
years.
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Rate 2 (good)

Justification The dataset has been modelled taking into account the
different regions that export crude oil to Europe. Both
onshore and offshore extraction has been included.

Transport distances have been also included considering
refineries located in Switzerland and Europe.

In order to model the refining process, data from
statistics and reports published by Authoritative Source
and Business Associations have been used. In some of
these reports, data from 5 refineries have been reviewed
and extrapolated to the European context, considering the
production of 100 refineries in Europe (RER).

Average technology for refining has been assumed.

v" Geographical representativeness

Regarding the information of the dataset about the geography, it has been stated
that data come from 1 to 5 refinery inventories, and have been extrapolated to the
production in average Europe.

The supply mix of crude oil described in the dataset is the following:

Table 79: Imports (supply mix) of crude oil in RER for diesel, year 2000 (Ecoinvent DB).

Country or region Share (%)
RME - Middle East 25.32
NO - Norway 2251
RU - Russia 1841
GB - United Kingdom 18.01
RAF — Africa 1081
NG - Nigeria 341
RLA - Latin America & the Caribbean 119
NL - The Netherlands 0.34

Regarding the correspondence with the pre-analysis, almost the whole countries are
fulfilled with a very high share of completeness (more than 96%), even though the
year of study was 2000:

- RME => Iran, Iraq, Kuwait and Saudi Arabia (14.5%).
- NO =>» Norway (12.2%).

- RU =» Russia (31.79%).

- GB =» United Kingdom (13.4%).

- RAF=>» Angola, Algeria, Egypt and Libya (149%).

- NG =» Nigeria (3.5%).

- RLA =» Mexico and Venezuela (2.5%).
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Rate 2 (good)

Justification The dataset includes most of the countries listed in the
pre-analysis as crude oil exporters. Only few countries are
not included. Data related to refining process have been
collected from Authoritative Sources and referred for
some key parameters to European and Swiss
installations. The contribution of each country to the final
diesel mix is unknown.

v' Time-related representativeness

Regarding the information of the datasets, the time periods are the following:

e ‘Diesel, at refinery, RER”: 1980-2000.

e ‘Refinery, RER: 1993-2002.
References from Ecoinvent (2007) report come from 1996-2004 (see the table above
of General comments). Data of supply mix come from year 2000. Main data come
from Jungbluth (2004) report, which has an updated version of 2007. Data of
refineries come from relevant sources from 2000 (IEA data) and the main emissions
are obtained from the average data of relevant sources (CONCAWE, IPCC, UBA...), and
case studies, generally from 1985 to 2002.

Rate 1-2 (very good-good)

Justification The time horizon of the dataset is 1980-2000. The supply
mix data refer to year 2000. Data related to crude oil
production refer to year 2000 mainly, while data from
refining cover a larger period, from the 80s to 2000.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 80: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
0Ozone depletion 100
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate 100> 1
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Rate 1 (very good)

Justification The whole impact categories can be assessed and the
100% of elementary flows are considered

v" Precision/uncertainty

Regarding the information from Ecoinvent (2007) report, the main reference is
Jungbluth (2004), with a most updated version from 2007.

Technical data and refinery productions have been extrapolated taking into account
data of relevant sources (IEA data).

Main emissions are determined using average information from both relevant sources
(CONCAWE, UBA, IPCC, IEA, OCDE...) and case studies.

Rate 2 (good)

Justification In the case of crude oil exploration, three levels of
precision have been identified depending of the region
analysed: North Sea: good quality, data collected from
environmental reports for all oil fields from Authoritative
Sources; Russia and Nigeria: medium quality, data
collected from questionnaires for some suppliers; and
Middle East and Africa: rough estimations from literature.

Data used to model the refining come mainly from
relevant Authoritative Sources and Business Associations,
but also from literature. In most case, average data and
extrapolations have been used.

v Methodological appropriateness and consistency

System boundaries and EolL modelling

Figure shows an overview for the modelled chain. The process data for oil products
include oil field exploration, crude oil production, long distance transportation, oil
refining, regional distribution, and the use of oil products in boilers for space heating
and industry as well as in power plants. For all these steps, air- and waterborne
pollutants, production wastes as well as requirements of energy and working material
have been inventoried. Relevant production facilities and the infrastructure have been
considered. As far as possible and necessary, specific inventories for individual
countries have been established. Transport services needed to supply energy and
materials and treatment processes needed for the production wastes are included as
well.

Dotted boxes in the figure indicate the products of multi-output processes. These
processes have been inventoried per year (a) or per mass of input, and then the
elementary flows have been allocated to these products (which are not all shown).
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Figure 43: Overview of the modelling of the oil production chain (Ecoinvent 2007).

Regarding EoL modelling, there is no information about the processes. Nevertheless,
infrastructure is included.

Allocation

The dataset applies specific allocation factors (see more information in Annex 1).
Situation A is assumed.

Rate 2 (good)

Justification The dataset has been modelling following situation A.

Dataset includes a ‘cradle-to-grave’ system, and EoL has
not been modelled. Infrastructure and transports are
included.

Specific allocation factor modelling is included, based on
energy inputs relations but also on mass.
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GEMIS database Refinery\Diesel-generic

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one TJ.

As stated in the dataset, it has been modelled based on the project called
“Environmental Manual for Power Development (EM)” (see TiR criterion).

Based on the information reported in this document, the following main sources have
been identified (references in bold are assumed as Authoritative Sources or Business
Associations):

Table 81: Basic information used to assess the GEMIS crude oil products datasets.

Stage Type Reference Comments
Oil field
exploration . .
Crude oil OKO 1993, 1994; ESU 1994 Not found
production ADL 1989 ;llritjhljacr;ieosmlssmns estimated from worldwide
Transport WEC 1988 Not found
ESU 1994 Not found
Oil refining OKO 1994 Not found
WEC 1998 Not found

v" Technological representativeness

Regarding the technology description, data come from a generic oil refinery for diesel
production.

Rate 3 (fair)
Justification The technology aspects have been modelled by a generic
plant.

Concerning crude oil extraction, both onshore and
offshore extraction has been included. Crude oil has been
assumed to be imported from OPEC countries. Country-
specific database adaptations have been conducted. The
dataset assumes an inland distance through pipeline up
to 100km and the international transport in tankers is
about 8800 km, as default value.

Offshore extraction is assumed to be twice energy
demanding than the onshore technology.

Data reviewed from studies for the oil industry have been
used to model the refining processes.
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v" Geographical representativeness

Based on the extracted information of the dataset in the software, the referred
country is ‘generic’.

The origin of crude oil is defined as a ‘generic mix’, described as a national mix of
crude oil from imports and domestic production (onshore/offshore,
primary/secondary) in developing countries. The following table shows the share of
imports of crude oil.

Table 82: Imports and domestic production of crude oil in the generic country, in 2000 (GEMIS
Database).

Dataset Share (%)

Onshore primary 30

Onshore primary (+ ship transport) 50

Onshore secondary 10

Offshore 10

Rate 5 (very poor)

Justification Defined as ‘generic’ country with a ‘generic crude oil’
imports.

The dataset assumes that crude oil is imported from
OPEC countries, but there is no information about which
countries have been included. Additionally, the distances
considered to transport the crude oil are also generic: up
to 100km for inland pipeline transport and 8800 km for
international transport.

v" Time-related representativeness

The reference year is 2000, and two main references have been used to model this
dataset: EM (1995b) and OEKO (1989ff).

Rate 4 (poor)

Justification The dataset claims a time horizon for year 2000.

A detailed review of the references used to model the
dataset has been conducted in order to identify the
actual time reference of the data used. After this review,
it can be stated that data from 1985 to 1995 have been
collected and used for the dataset.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.
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Table 83: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) o*
lonizing radiation (Ecosystems) 0*
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0**
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 33.3%>
Resource depletion (water) 100
Land use 50
Number of considered impacts categories =» first rate 122
Share of elementary flows (%) =» second rate S0 => 2

* Nuclear waste is included but elementary flows are not defined.
** Inorganic salt is included but elementary flows are not defined.

*** Nuclear resources are included but elementary flows are not defined.

Rate 2 (good)

Justification 12 impact categories can be assessed and 90% of
elementary flows are considered.

v Precision/uncertainty

Regarding the extracted information from the dataset, data sources come from Oko
Institute reports.

There is no information about each elementary flow or emission factors.

Rate 4 (poor)

Justification Data used to model the dataset comes from literature
(Oko Institute reports, 1990, 1995).

GEMIS provides an auto-evaluation of the precision,
resulting as “rough estimate”.

Data related to assumptions, hypothesis, emission
factors, etc. has been found, neither in the main
documentation nor in the references cited by the main
report.

189



v" Methodological appropriateness and consistency

System boundaries and Fol modelling
Figure shows a ‘cradle-to-grave’ scenario for producing diesel in a generic country.

Infrastructure is included in a German scenario, but EoL modelling is not included.
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Figure 44: Flow diagram of diesel production, from GEMIS

Allocation

According to the extracted information of the software, situation A is assumed and
allocation procedures are considered, but it is not defined

Rate 3 (fair)

Justification Situation A.

Dataset includes a ‘cradle-to-grave’ system process but it
does not comprise EoL.

Infrastructure and transport are included.

Allocation procedure has been applied but it is not specify
which type of procedure has been followed.
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E3 database Diesel-2010/Crude oil refinery/CONCAWE

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh.

The majority data used to model the dataset have been taken from CONCAWE
(2007).

v" Technological representativeness

Regarding the technology description, data come from CONCAWE report (2007), a
well to wheel analysis of crude oil products in Europe.

Rate 2 (good)

Justification The technology aspects have been modelled as
CONCAWE report, defined as a key reference in scientific
community.

Crude oil production has been modelled based on typical
or average data, combining the estimates of several
CONCAWE member companies. It has been assumed that
the marginal crude oil available to Europe comes from
the Middle East.

Concerning crude oil transportation, it has been assumed
ship fuelled by heavy fuel oil from Middle East to Europe.

Crude oil refining has been modelled representing EU
refineries.

v" Geographical representativeness

CONCAWE report (2007) has been used as the main reference to collect data for the
modelling.

Rate 3 (fair)

Justification The geographical aspects have been modelled as
CONCAWE report, defined as a key reference in scientific
community.

Crude oil production has been assumed to come from
Middle East. Other exporter countries should have been
considered.

Crude oil transportation has been also calculated based
on Middle East distances.

Crude oil refining has been modelled for European
refineries, although it is not defined how good these
refineries represent the contribution of each country to
the European production
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v" Time-related representativeness

The reference year is 2010, and references come from Concawe (2007), IEA/AFIS
(1996, 1998) and FEA (1999).

Rate 2 (good)

Justification The reference year is 2010.

References come from 1996-2007, with CONCAWE as
the main reference, which data comes from 2002 and
extrapolations to 2010.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 84: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 0
Human toxicity (non cancer) 0
Particulate matter 100
lonizing radiation (Human Health) 0
lonizing radiation (Ecosystems) 0
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0
Eutrophication (marine) 100
Ecotoxicity (freshwater) 0
Resource depletion (minerals, fossil & renewable) 333
Resource depletion (water) 0
Land use 0
Number of considered impacts categories =» first rate 794
Share of elementary flows (%) =» second rate 902> 4
Rate 4 (poor)

Justification Only 7 impact categories can be assessed and the 90%

of elementary flows are considered.
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v Precision/uncertainty

Regarding the extracted information from the dataset, data sources come from
Authoritative Sources or Business Associations (CONCAWE, IEA, FEA..) and Oko
reports.

There is no information about each elementary flow or emission factors.

Rate 2 (good)

Justification References come from CONCAWE report mainly.
E3 auto-evaluation: data precision is medium.

There is no information about the emission factors.

v" Methodological appropriateness and consistency

Systerm boundaries and Eol modelling
A cradle to gate system is assumed.

The CONCAWE report does not include the infrastructures in the analysis. However,
the dataset states that infrastructures are included as construction materials, taken
from Okoinvent.

CONCAWE does not include EoL scenarios and E3 does not provide any additional
information related to any EoL procedure.

Allocation

Allocation procedures are not described in the dataset but CONCAWE conducts
allocation by energy to the refinery products.

Rate 3 (fair)

Justification The dataset describes a cradle to gate system.

Infrastructures have been included in the modelling, but
EoL has been excluded.

Allocation by energy has been applied to the refinery co-
products, as described by CONCAWE.
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4.2. Results, findings and recommendations

ELCD datasets achieve the best scores in the whole quality criteria. Data to
accomplish the established criteria rates come from updated statistics of
Authoritative Sources and Business Associations.

Nevertheless, regarding the data information and the evaluation of the other
datasets, the following recommendations can be proposed.

Regarding TiR and P criteria, the use of the most updated version of report JRC-Eucar-
Concawe for considering GHGs emissions and energy consumptions (JEC, 2011) could
improve the scores of these criteria. However, it is necessary to highlight that the JEC
project is not an LCA study, as the study recognizes, but a well to wheel study limited
to energy and greenhouse gas emissions. Furthermore, since it focuses on future
powertrains, some assumptions do not truly reflect current practices.

Completeness criterion is 96% fulfilled with the elementary flows. In order to meet
the criterion in a 100% share the following flows have to be considered: CFC-11 and
CFC-12 for ozone depletion; and Decane for freshwater ecotoxicity impact category.

Regarding the methodology criterion, allocation in ELCD datasets has been performed
applying the so-called ‘Back-Pack principle’ methodology. This is a non-usual
allocation procedure to assign a ‘backpack’ of allocated crude oil, energy and
electricity demand to each output of the refinery unit processes. This practice partially
accomplishes the subdivision procedure highly recommended by ILCD Handbook (EC-
JRC-IES, 2010a), avoiding black box unit scenarios. The handbook suggests a
partially/virtually subdivision of process chains to collect data exclusively for those
included processes that have only the required functional outputs.

As mentioned before, the ELCD takes advantages of the well-recognised E-PRTR
(http://prtr.ec.europa.eu), which produces key environmental data from industrial
facilities in European Union Member States and in Iceland, Liechtenstein, Norway,
Serbia and Switzerland.

Table 85: Findings and recommendations summary for crude fuel oils (diesel, gasoline, kerosene and
heavy fuel oil) datasets.

Indicator ELCD data quality rating Findings or recommendation for improving
TeR 1 -
GR 1 -
TiR 1 Use more updated data from JEC (2011)
C 1 Consider elementary flows: CFCs and Decane
1-2 Use more updated data from JEC (2011)
M 1 -
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5. Evaluation Natural gas mix based fuel dataset

5.1. Evaluation: EU-27

ELCD database EU-27: Natural gas mix (technology mix | consumption mix,
at consumer | medium pressure level (< 1 bar))

v" General comments and/or relevant information

The dataset represents the environmental impacts for the production of one kg of
Natural Gas.

The dataset covers the entire supply chain of natural gas. This includes well drilling,
natural gas production and processing as well as transportation via pipeline and/or
LNG tanker. Main technologies such as primary, secondary, tertiary production,
including parameters like energy consumption, transport distances, gas processing
technologies are individually considered for each production country. All natural gas
delivering countries, including domestic production, contribute by their corresponding
shares (taken from national statistics) to the natural gas mix. The inventory is mainly
based on secondary data.

The coverage of the exploration and well installation data (crude oil, natural gas,
natural gas liquids) are only 90% of mass and energy and 95% of the environmental
relevance (according to expert judgment).

In terms of the country / region specific natural gas production, missing data of
certain parameters has been used from countries with a comparable technology. Data
measured at a group of representative production facilities have been used to
represent the national production.

Dataset developers have not provided any additional information in order to list the
references and the sources by stage of the process, like other technologies.

v" Technological representativeness

The basic information regarding the technology description of a refinery (including the
background system) has been extracted from the dataset and is written below.

= The region specific natural gas consumption mix, mix indigenous produced
natural gas with imports of natural gas from the corresponding producing
countries. The mix can be seen for a specific region as average natural gas
consumed.

» For the whole natural gas supply (indigenous production and imports), an
average regional distribution (via pipeline) is estimated. This regional
distribution averages the distance from the shore or onshore production site
and/or the LNG terminal or border of long distance import pipeline to the
consumer.

» The data set considers the whole supply chain of natural gas, i.e. exploration,
production, processing (e.g. desulphurisation) and in the case of LNG import,
liqguefaction / regasification of LNG, the long distance transport and the
regional distribution to the final consumer. Losses occurring during
transportation via pipeline or vessel are also included.
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Rate 1 (very good)

Justification The technology aspects have been modelled as the EU-
27 technology mix. Dataset mix indigenous produced
natural gas with imports of natural gas from the
corresponding producing countries.

The whole supply of NG is considered, with the estimation
of an average regional distribution via pipeline.

Consideration of long distance transport of LNG imports.

v" Geographical representativeness

Regarding the information included in the dataset, the basic information, in order to
evaluate this criterion, is detailed below.

The data set represents the national consumption mix (supply mix) including domestic
production and imports. Supply mix is showed in the next figure.

M Russia
0.12% M United Arab Emirates LNG
S Natural Gas Supply - EU-27 s
m Australia LNG
0.02% m Czech Republic
1.85% W Germany
3.00% W Denmark
m Algeria
0.96% mAlgeria LNG
0.24% W EgyptLNG
A m France
0.35% M United Kingdom

m Equatorial Guinea LNG
M Croatia
mHungary
m Ireland
M ltaly
Lybia
M Lybia LNG
M Nigeria LNG
Netherlands
Norway
% Norway LNG
W OmanLNG
Poland
Qatar LNG
Romania
Slovakia
Turkmenistan
Turkey
Trinidad and Tobago LNG
United States LNG

17.66%

Figure 45: NG mix in EU-27 by country of origin in 2008 (GaBi software; IEA 2010e).

Rate 1 (very good)

Justification The geographical aspects have been modelled according
the NG EU-27 country mix share.
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v" Time-related representativeness

Regarding the attached time representativeness information of the dataset, the
reference year is 2009 and the dataset is valid until 2014. Moreover, dataset states
that the time representativeness is an annual average.

Data for modelling the ‘EU-27: Natural gas mix’ comes from a list of references that
has been attached in the software information.

References come from relevant sources, as Authoritative Sources and National
statistics and have a time horizon from 2005-2009.

Rate 1 (very good)

Justification The reference year is 2009.

Relevant and updated references have been used,
covering the reference valid period.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 86: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 333
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate 9821
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

989% of elementary flows are considered

v Precision/uncertainty

Regarding the data selection and combination principles, the basic information
extracted from the dataset, in order to evaluate this criterion, is written down.

The data sources for the complete product system are sufficiently consistent.
Regarding the references, the majority of relevant elementary flows have been
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obtained from relevant literature, considered as Authoritative Sources and Business
Association. National statistics of the most relevant suppliers have been used to
model the NG exploration and distribution.

Rate

1 (good)

Justification Data used to model the dataset have been collected from

several sources. European and World Statistics have been
reviewed as well as reports from Authoritative Sources
(i.e. World Gas Processing Survey Summary, 2008; Energy
Outlook, 2008, etc.).

However, based on the information provided by the
dataset, it is not possible to know the particular relevant
sources used for the different stages analysed by the
dataset, i.e. NG transport, processing, etc.

v" Methodological appropriateness and consistency

System boundaries and EolL modelling

Based on the general flow diagram and on the detailed information included in the
technology description, the dataset covers the whole natural gas supply chain. EoL
modelling has been also included (personal communication).

Natural Gas Supply

Natural Gas Natural Gas
Production Transport

Country1
Natural Gas Natural Gas Natural Gas Natural Gas
Production Transport Mix Transport
Country 2

Natural Gas Natural Gas
Production Transport

Country 3
@

Country n

Figure 46: Flow diagram (system boundaries) of NG production.
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Allocation

The extracted information from ‘Modelling and validation: LCI method and allocation’
is the following:

e LCl method principle: Attributional =» Situation A
e LCl methods approach: Allocation (net calorific value).

e Deviations from LCl approaches: For the combined crude oil, natural gas and
natural gas liquids (NGL) production allocation by net calorific value is applied.

e Modelling constants: All data used in the calculation of the LCI results refer to
net calorific value.

Rate 1 (very good)

Justification The dataset has been modelled under situation A.
It models a ‘cradle-to-grave’ system process.

Infrastructures and EoL modelling have been taken into
account.

Allocation procedure has been applied through the net
calorific value.

199



Ecoinvent database Natural gas, at long distance pipeline, RER

v" General comments and/or relevant information

The functional unit of the datasets refers to the production of one Nm?>. This dataset
describes the structure of the European gas requirements with regard to the countries
of origin.

The system model “Natural Gas” describes the production and distribution of natural
gas for industrial and domestic applications in Switzerland and Western Europe. The
inventory includes gas field exploration, natural gas production, natural gas
purification, long distance transport, regional distribution and local supply.

Relevant references used to model the dataset are listed in the following table
(references in bold are identified as Authoritative Sources or Business Associations).
This information has been extracted from the dataset and the document Ecoinvent
(2007).

Table 87: Basic information used to assess the Ecoinvent NG fuel dataset.

Stage Type Reference Comments

Jungbluth 2003; MEZ 2000;
OLF 2001; WEG 2001

NG supply Nisbet 2001; OLF 2001; Faist Production in North Sea, onshore Germany, Algeria,
Emmenegger 2004 Russia and Nigeria
Aréstegui 2007; DGMK 1992;
SWISSGAS 1999; ExternE 1999

NG exploration: drilling and demand

Fuel properties

. Snam 1999, 2000; personal
Long distance communications with industrial Pipeline and LNG tanker and freight ship
Transport experts
Regional Liechti 2002; Reichert 2000;
Seifert 1998

Regional distribution and supply

v" Technological representativeness

The information regarding the technology description for natural gas is described in
the LCl report (Ecoinvent, 2007) and in the dataset info. Below there is a short
description of the most relevant information, used to assess this criterion: The
processes included in the dataset Natural gas European mix are the following:

= ‘Natural gas, production DE, at long-distance pipeline, RER’.

= ‘Natural gas, production, at production onshore, DE'.

» ‘Natural gas, production DZ, at long-distance pipeline, RER’.

» ‘Natural gas, production, at production onshore, DZ'.

» ‘Natural gas, production GB, at long-distance pipeline, RER’.

» ‘Natural gas, production, at production offshore, GB'.

= ‘Natural gas, production NL, at long-distance pipeline, RER”:
o ‘Natural gas, production, at production onshore, NL'.
o ‘Natural gas, production, at production offshore, NL’.

= ‘Natural gas, production NO, at long-distance pipeline, RER’.

» ‘Natural gas, production, at production offshore, NO’.
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= ‘Natural gas, production RU, at long-distance pipeline, RER’.
= ‘Natural gas, production, at production onshore, RU’.
= ‘Plant onshore, natural gas production, GLO’.

= ‘Plant offshore, natural gas production, OCE’.

Rate 1 (very good)

Justification The technology aspects have been modelled regarding a
European standard mix.

Data related to emission and production factors per
meter drilled have been taken from the process “crude oil
extraction”.

Data related to natural gas production are mostly based
on environmental reports of companies operating in the
modelled areas.

Distance transportation has been included using average
distances for each area.

Energy requirements are based on environmental report
of Italian company. Total leakages are assumed for
Europe, HD-leakages are calculated out of the total with
German data.

v"  Geographical representativeness

Regarding the information of European mix in the database, the following table
presents the share of each supplier:

Table 88: Suppliers mix of NG in Europe, year 2000 (Ecoinvent DB).

Country or region Share (%)
RU - Russia 34
NL - The Netherlands 24
NO - Norway 17
DZ - Algeria 16
DE - Germany 5
GB - United Kingdom 4

Taken into account the natural gas pre-analysis previously conducted, the countries
considered in the dataset were listed in the pre-analysis as the most relevant
suppliers, with a very high share of completeness (more than 85%), even though the
year of study was 2000:

- RU =» Russia (22%).

- NO =>» Norway (19%).

- DZ =>» Algeria (9%).

- NL, DE and GB = Indigenous production (EU-27) (35%).
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Rate

2 (good)

Justification The dataset includes more than 85% of the countries

detailed in the pre-analysis. Minor countries are not
included.

v' Time-related representativeness

Regarding the information of the datasets, the time periods are the following:

‘Natural gas, production’: 1989-2000.
‘Natural gas, at long distance pipeline’: 2000-2001.

References from dataset are detailed in the table of General comments. The following
list details the main data sources of each country dataset included in the NG mix
production in Europe:

NG of Norway: Data come from an environmental report for the total
Norwegian production in year 2000 (OFL, 2001)

NG of The Netherlands. 75% of the data production comes from a national
environmental report in 2000 (NAM 2001).

NG of Germany: 50% of the data production comes from a national
environmental report in 2000 (BEB 2001). Data for disposal stages are
extrapolations from Norway.

NG of United Kingdom: Data come from Jungbluth (2003) report, which is not
available.

NG of Russia: Data come from estimations of several reports from 1990-
2001. Data for disposal stages are extrapolations from Norway.

NG of Algeria: Main data come from extrapolations of Europe conditions. Data
for disposal stages are extrapolations from Norway. No year references.

Rate

2 (good)

Justification The reference year stated at the dataset is 2000.

Based on the information shown before, the main
contributors to the dataset cover the time horizon. There
are few data collected for previous years, such as natural
gas production in Russia.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.
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Table 89: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 100
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1621
Share of elementary flows (%) =» second rate 10021
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

100% of elementary flows are considered

v" Precision/uncertainty

Regarding the information from Ecoinvent (2007) report, the main reference is Faist
Emmenegger et al. (2004).

Main information of plants production and emissions comes from national
inventories, as detailed in TiR criterion.

Rate 2 (good)

Justification The detailed information concerning the dataset
modelling is described at the report Ecoinvent, 2007.

Data for the natural gas production have been mostly
taken from environmental reports of companies
operating in the modelled areas. Average data have been
used for Algeria and Russian Federation.

Average distances have been also assumed for natural
gas transportation and distribution, both for shipped
transport and pipeline.
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v" Methodological appropriateness and consistency

System boundaries and Fol modelling

The model includes the natural gas production, transport (via pipeline) and the
distribution.

Production and construction of the infrastructures, such as pipelines, are included.

Regarding EoL modelling, production of waste along the system has been taken into
account, but there is no information about any waste treatment and dismantling of
the infrastructures.

Allocation
The allocation procedure followed for the co-products is based on the heating value.

Situation A is assumed.

Rate 2 (good)

Justification The dataset has been modelling under situation A.
Dataset includes a ‘cradle-to-grave’ system.
EoL modelling is not described.
Infrastructure and transports are included.

Allocation is included, based on heating value.
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GEMIS database Gas-mix-EU 2005

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one TJ of natural gas
mix for Europe.

Table 90: Basic information used to assess the GEMIS NG fuel dataset.

Stage Type Reference Comments
ESU (1996) NG exploration and emissions
NG supply
IEA (2004) Natural Gas Supply, exporter countries
Transport Long distance Wi (2005) P?pe:?ne 1I:rom Russia to G(jer:any .
Other distance DGMK (1992) Pipeline from Norway and the Netherlands to
Germany

v" Technological representativeness

The dataset describes the technology of natural gas production and supply in the EU-
25, having as time horizon 2005.

Rate 3 (fair)

Justification Natural gas exploration is focused on several countries
from Europe (CZ, AU; PL, DE, NO, NL and RU) and also AU,
CA and US. Onshore and offshore exploration has been
taken into account. Transport distance from Norway and
The Netherlands to Germany is defined as an average
typical value of 1000 km, through pipeline. Distance
between Russia and Germany is taken as 4700 km, while
from Algeria is 3300 km, as typical value.

v" Geographical representativeness

Regarding the extracted information of the dataset in the software, data are referred
to EU-25. The origin of the mix of NG is described below:

Table 91: Suppliers mix of NG in Europe, year 2005 (GEMIS DB).

Country or region Share (%)
RU - Russia 48

NL — The Netherlands 17
NO - Norway 34

DE - Germany 1

Regarding the correspondence with the pre-analysis, almost the whole countries are
fulfilled with a high share of completeness (more than 75%), even though the year of
study was 2000:

- RU =» Russia (22%).
- NO =>» Norway (19%).
- NL and DE =» Indigenous production (EU-27) (35%).
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Rate 3 (fair)

Justification The countries that dataset includes more than 75% of
suppliers production defined in the pre-analysis. Minor
countries are not considered.

EU-25 was considered in 2005.

v" Time-related representativeness

The time horizon of the dataset is 2005, and the literature comes from IEA (2007)
and OEKO (1989ff).

The report from Oko- Institut is not available on the web-site; however other
publications used to model the dataset have been found and reviewed in the new
provider web-site, http://www.iinas.org/gemis-docs-en.html.

Additionally to the references cited by the dataset, other reports from the database
providers have been reviewed in order to analyse this criterion. The following table
shows the main reports cited by Fritsche et al. (2006) used to model the dataset by
stage.

Rate 2 (good)

Justification Reference year is 2005.

Data used to model the dataset cover a time period from
1990 to 2006.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 92: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) o*
lonizing radiation (Ecosystems) 0*
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0**
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 33.3%
Resource depletion (water) 100
Land use 50
Number of considered impacts categories =» first rate 122
Share of elementary flows (%) =» second rate 90> 2

* Nuclear waste is included but elementary flows are not defined.
** Inorganic salt is included but elementary flows are not defined.

*** Nuclear resources are included but elementary flows are not defined.
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Rate 2 (good)

Justification 12 impact categories can be assessed and 90% of
elementary flows are considered.

v Precision/uncertainty

According to the dataset, the quality of primary data is good .In order to assess this
criterion; a deep review of all documentation provided at the web-site of the
database has been conducted.

Rate 4 (poor)

Justification Although one of the main reference used to model the
dataset is a relevant Authoritative Body, the IEA, there is
a lack of information about how the data have been
collected and the origin of these.

Emission factors have been taken from the report ESU,
1996. Since this study has been updated in several
versions, it is not possible to identify the precision of
these data.

Average distances have been taken for pipeline
transportation. However, there is no much information
about how the average has been calculated.

There is no extra Information about plants.

v Methodological appropriateness and consistency

System boundaries and EolL modelling

Figure shows a ‘cradle-to-grave’ scenario for producing and supplying NG in the EU-
25.

Infrastructures are included in Germans scenarios, but EoL modelling has not been
considered.
natural gas

L s GT-North Sea-2005
wtra-offshorelygas-Mo-2005

gas-boiler-MoO-2005
el-generation-mix-ko-2005
processinglgas-MNo-2005

I gt COMNPressor-GT-MO-2005
pipelinglgas-Mo-2005

pipelinglgas-AU-2005
pipelinelzas-NL-2005 pipelingtgas-DE-2005-mix
gas-rix-EL-2005

Figure 47: Flow diagram of NG production and supply, from GEMIS
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Allocation

According to the extracted information of the software, situation A is assumed and
allocation procedures are considered, but it is not defined

Rate 3 (fair)

Justification Based on the documentation provided by the database,
the dataset has been modelled from cradle to gate,
although it is not possible to identify the different stages
in the dataset. Infrastructures have been included in the
system boundaries, while the EoL stages have been
excluded.

The dataset also states that allocation has been applied
when necessary, however, there is no information
concerning the type of allocation and the co-products.
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E3 database NG / Extraction + processing

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh of natural gas
(extracted and processed).

v" Technological representativeness

Regarding the technology description, data come from the extraction and processing
of natural gas from CONCAWE report (2007), a well to wheel analysis of crude oil
products in Europe.

Rate 3 (fair)

Justification The technology aspects have been modelled as in JEC
(CONCAWE, 2007)

The relevant data related to natural gas supplies and
productions were provided by Shell, in a personal
communication, as stated in the report.

JEC defines two different pathways for Natural Gas:
“piped” gas transported to Europe via long-distance
pipeline, representing the additional availability from the
Former Soviet Union or new sources from Central Asia,
and “remote” gas from various world producing regions
(particularly the Arabian Gulf) either shipped into Europe
as LNG or transformed at source into liquids. JEC
provides as reference, an EU mix, representative of the
origin of the gas used in Europe.

Long distances are assumed to be about 7000 km from
Western Siberian to Europe and 4000 km from South
West Asian location

Distribution losses and emissions are taken from
literature but it is not possible to identify the sources.

v"  Geographical representativeness

Regarding the references, data come from JEC report (2007), a well to wheel analysis
of crude oil products in Europe.

Rate 3 (fair)

Justification Data from JEC report states that it considers EU27, but it
is not possible to identify the countries and the share of
each of them to the modelled dataset.
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v" Time-related representativeness

The time horizon of the dataset is 2006. In order to evaluate this criterion, it is
necessary to review the literature used to model the dataset.

The dataset has been modelled using as main references the following
documentation: CONCAWE (2007), Gover et al (1996), GEMIs (2002) and a Personal
communication with Cadu, J. from Shell International in London, 18 April 2002.

Rate 3 (fair)

Justification The time horizon of the dataset is 2006.

Although the main reference is JEC 2007, a joint
Authoritative Body; data related to natural gas are
taken from other studies, which covered previous years,
i.e., ETSU, 1996.

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 93: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 0
Human toxicity (non cancer) 0
Particulate matter 100
lonizing radiation (Human Health) 0
lonizing radiation (Ecosystems) 0
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0
Eutrophication (marine) 100
Ecotoxicity (freshwater) 0
Resource depletion (minerals, fossil & renewable) 333
Resource depletion (water) 0
Land use 0
Number of considered impacts categories = first rate 794
Share of elementary flows (%) =» second rate 902> 4
Rate 4 (poor)

Justification Only 7 impact categories can be assessed and the 90%

of elementary flows are considered.
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v" Precision/uncertainty

The dataset states a precision level of medium. A review of the references has been
conducted, with important focused on Concawe (2007) and ETSU (1996), in order to
evaluate this criterion.

Rate 4 (poor)

Justification The documentation provided by dataset does not allow a
complete evaluation of the precision, since it is not
possible to associate the different sources with the data
used to model the system.

E3 provides an auto-evaluation of the precision, resulting
as “medium”.

There is no information about hypothesis and
assumptions followed by the dataset developer.

v' Methodological appropriateness and consistency

System boundaries and EolL modelling

A cradle to gate system is assumed.

There is no information about infrastructures.
There is no information about EoL procedures.
Allocation

No information about allocation procedures.

Rate 4-5 (poor-very poor)

Justification Cradle to gate system.
EoL and Infrastructures are not included.

Allocation procedure has not been defined.
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5.2. Results, findings and recommendations

ELCD dataset performs better than any other database in five quality criteria. It has
been modelled in a way that includes the most updated and precise NG supply mix in
EU-27.

Nevertheless, regarding the data information and the evaluation of the other
datasets, the following recommendations can be highlighted:

Regarding TeR and TiR, in order to have more updated data for future versions,
Eurostat should be also reviewed, since it is considered an Authoritative Source. The
most updated share of NG mix in Europe can be consulted in the web-site (until
2011). Moreover, Business Associations, like Eurogas (European Association of Gas
Wholesale, Retail and Distribution Sectors, www.eurogas.be) publishes public EU data
facts and statistics of NG production and distribution that can be useful for achieving
a more updated inventory. Other Authoritative Source that could be useful in future
version is the Gas Infrastructure Europe @ww.gie.eu.com), a European association
representing the infrastructure industry of natural gas, such as the Transmission
System Operators, Storage Systems Operator and Terminal Operators. Technical data
can be also reviewed from the Technical Association of the European Natural Gas
Industry MARCOGAZ (www.marcogaz.org). Unconventional hydrocarbons exploitation
such shale gas is a hot topic currently in Europe. Several Member States of the EU are
discussing new regulations to allow the exploitation of these resources. Under this
framework, the European Commission is already studying the potential environmental
impacts and health risks that may arise from individual projects and cumulative
developments of this technology. Taken into account this context, it is recommended
to follow the development of this technology and the regulatory framework, so that
the technology could be included in future versions, if necessary.

Concerning the C criterion, it is 94% fulfilled with the elementary flows. In order to
achieve the criterion in a 100% share, CFC-11 and CFC-12 for ozone depletion impact
category have to be considered.

In order to improve the P criterion, the inclusion of documentation related to the data
collection process and additional references to identify the origin of the data values
could be useful to achieve a better rating. Some references provided in the dataset
are labeled as Authoritative Sources or Business Associations but they cannot be
related with their corresponding process stages.

Table 94: Findings and recommendations summary for ‘EU27: Natural gas mix’ dataset

Indicator ELCD data quality rating Findings or recommendation for improving
TeR 1 Pipeline (majority) and LNG transportation have been included
GR 1 -
TiR 1 -
C 1 Include CFC-11 and CFC-12
1 Inclusion of documentation related to the data collection process and
P additional information to identify the origin of the data values could be

useful to achieve a better rating

2 Dismantling of infrastructures and waste scenarios would increase this
score.
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6. Evaluation: Biofuel dataset

6.1. Evaluation: RME Germany

ELCD database DE: Rapeseed Methyl Ester (RME) (technology mix |
production mix, at producer)

v" General comments and/or relevant information

The dataset represents the environmental impacts for the production of one kg of
biodiesel Rapeseed Methyl Ester (RME) in Germany.

The dataset covers all relevant process steps / technologies over the supply chain of
the represented cradle to gate inventory. The inventory is mainly based on literature
data.

All processing steps of transesterification are regarded, inclusive raw glycerin
processing. Additionally, the production of the ancillaries hydrochloric acid, caustic
soda, methanol and calcium hydrate are taken into account. Buildings and facilities
are neglected.

Upstream processes —oil extraction and purification and rapeseed cropping- are linked
to the transesterification process but detail information is not available.

Important remark:

The analysed dataset is modelled following a methodological approach that shows
important discrepancies with the approach proposed in the Directive 28/2009 on the
promotion of the use of energy from renewable sources Annex V point C in order to
assess the greenhouse gas impacts of biofuels. Most important differences are
related to allocation procedures of co-products and electricity produced in CHP. It
would be advisable to harmonize the methodology used in the ELCD database with
the proposed by the EC in the framework of biofuel sustainability certification.

v" Technological representativeness

Regarding the technology description of a biofuel plant production (including the
background system), the basic information extracted from the dataset, in order to
evaluate this criterion, is written below.

The process is modelled taking into account the stages of rapeseed cropping in
Germany, rapeseed oil extraction and refining in Germany and Biodiesel production in
Germany. According to the pre-analysis an important amount of the rapeseed used in
Germany is imported from Australia, Ukraine and Russia. Germany also imports
important amounts of rapeseed oil that have not been considered in the dataset.

Rate 2 (good)

Justification The dataset considers the whole process, but imports of
both rapeseed and rapeseed oil are not considered.

213



v" Geographical representativeness

Regarding the information included in the dataset, the basic information, in order to
evaluate this criterion, is written down.

The data set represents the national / regional consumption mix (supply mix) including
domestic production and imports.

The dataset include ‘DE: Rapeseed oil’ and ‘DE: Winter rape seeds’ datasets, assuming
national (German) production of both rapeseed oil and rapeseed. No info about
imports of rapeseed (around 0.5 million tons) or rapeseed oil is included.

Rate 3 (fair)

Justification The geographical aspects have been modelled according
only to national production.

v" Time-related representativeness

Regarding the attached time representativeness information of the dataset, the
reference year is 2010 and the dataset is valid until 2013. Moreover, dataset states
that the time representativeness is an annual average.

Data for making the ‘DE: Rapeseed Methyl Ester’ comes from a list of references that
has been attached in the software information.

Rate 2 (good)

Justification The reference year is 2010. Not very updated references
have been used (from 1996-2001).

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 95: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
0Ozone depletion 333
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 75
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 333
Resource depletion (water) 100
Land use 100
Number of considered impacts categories =» first rate 1521
Share of elementary flows (%) =» second rate 93 =1
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Rate 1 (very good)

Justification 15 impact categories can be assessed and the 93% of
elementary flows are considered

v" Precision/uncertainty

Regarding the data selection and combination principles, the basic information
extracted from the dataset, in order to evaluate this criterion, is that the inventory
(and the majority of relevant elementary flows) is mainly based on literature data.

Rate NOT EVALUATED

Justification Elementary flows basically come from literature, but
there is no enough available information for many
processes on the fuel chain.

v" Methodological appropriateness and consistency

Systerm boundaries and EolL modelling

Regarding the general flow diagram to produce the RME according to the detailed
information included in the technological representativeness criterion, the processes
that have been covered are represented in the following figure.

Infrastructure has been neglected and EoL modelling has not been considered.

All processing steps of transesterification are regarded, inclusive raw glycerin
processing. Additionally, the production of the ancillaries hydrochloric acid, caustic
soda, methanol and calcium hydrate are taken into account. Buildings and facilities
are neglected.
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Figure 48: Rapeseed oil production and refining flow diagram.

Allocation

The extracted information from ‘Modelling and validation: LCI method and allocation’
is the following:

e LCl method principle: Attributional =» Situation A
e LCl methods approach: Allocation (market value, net calorific value, exergetic).

e Deviations from LCl approaches: An allocation procedure is done for the by-
product glycerin on the basis of the market value. Glycerin is a by-product and
not the reason to perform the transesterification process. Therefore, allocation
by mass or heating value is not reasonable.

e Modelling constants: All data used in the calculation of the LCI results refer to
net calorific value.

Rate 3 (fair)

Justification Dataset includes a ‘cradle-to-grave’ system process.
Glycerin co-product has been considered (situation A)

EoL has not been considered and infrastructure has been
neglected.

Allocation procedure has been applied by the net calorific,
exergetic or market values. No information on allocation
procedures for oil extraction process is available.
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Ecoinvent database Rape methyl ester, at esterification plant/RER

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kg.

Relevant information about the sources of data is summarized in the following table
and has been extracted from the document Ecoinvent (2007).

Table 96: Sources of data in the Ecoinvent dataset for RME at esterification plant/RER.

Stage Type Reference Comments
Yield FAOSTAT 2010 -
KTBL, 2004 Dose
Fertilizer use Kaltschmidt & Reinhardt
Type of product
1997.
Pesticide use Rosberg et al 2002 Dose and type of products
Rapeseed Seeds Nemecek et al, 2004 Dose
KTBL, 2004,

croppin ivati viti -
pping Cultivation activities Nemecek et al 2004

Kaltschmidt & Reinhardt

Transportation 1997: Nemecek et al 2004 Distances

Nemecek et al 2004 -

Emissions from

fertilizer use
LUC/ILUC Statistik 2003 71% arable land 29% meadow
Storage and
drying Nemecek et al 2004 -
Infrastructure data Rinaldi and Hergé 1998 Adapted from a pilot Swiss biodiesel plant

Joosart 2003; Mortimer
2003; LBST, 2002; Worgetter
o et al, 1999;Scharmer et al
Oil mill Input data 1996; Ceuterik et al, 1997; Review of literature data
Krauss, 1999; Dreier 2000;
Schope 2002 and Calzoni

2001.
Allocation Schope and Britschkat 2002 Economic allocation
Oil refining - , _
Infrastructure data Rinaldi and Hergé 1998 Review of literature data

Joosart 2003; Mortimer
2003; LBST, 2002; Worgetter

e et al, 1999;Scharmer et al

Esterification Input data 1996; Ceuterik et al, 1997; Economic allocation
Krauss, 1999; Dreier 2000;
Schope 2002, Calzoni 2001,
Zhang 2003.
Allocation Schope and Britschkat 2002 -

Important remark:

The analysed dataset is modelled following a methodological approach that also
shows important discrepancies with the approach proposed in the Directive 28/2009
on the promotion of the use of energy from renewable sources Annex V point C in
order to assess the greenhouse gas impacts of biofuels. Most important differences
are related to allocation procedures of co-products and electricity produced in CHP, as
well as on C captured by the growing biomass.

v" Technological representativeness

Regarding the technology description about natural gas described in the dataset info,
the basic information, in order to evaluate this criterion, is shown below.
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Rate 2 (good)

Justification A typical vegetable oil esterification (in Swiss conditions)
plant designed for the production of RME in a RER context
has been modelled, based on data from several European
studies

Buildings and facilities have been included.

Only production of rapeseed, rapeseed oil and RME in
Europe is considered. Not imported rapeseed or rapeseed
oil is considered.

v" Geographical representativeness

Regarding the information included in the module, it includes ‘Rapeseed conventional
at farm, DE’ dataset, so national (German) production is assumed. No info about
imports.

Rate 3 (fair)

Justification The geographical aspects have been modelled according
German conditions of farming.

Not imported rapeseed or rapeseed oil is considered.

v" Time-related representativeness

Regarding the information of the datasets, the time periods are the following:

e ‘Rape methyl ester, at esterification plant, RER: 1996-2006 (Data from 1996
to 2003, current technology in the EU has been considered).

e ‘Rape oil, at oil mill, RER: 1996-2006 (Data from 1996 to 2003, current
technology in the EU has been considered).

e ‘Rapeseed, conventional, at farm, DE: 1996-2006 (Time of publications. Data
for the fertilizers products and the transport distance to the farm are from
1996. Data for the pesticide use are from 2001. Data for the yield and land
use are from 2006)

e ‘Vegetable oil, esterification plant, CH: 2004-2008

No references from dataset are included.

Rate 1 (very good)

Justification The reference year is 1996-2000.

Sources of data are references from 1996 to 2010
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v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 97: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 100
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 100
lonizing radiation (Ecosystems) 100
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 100
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 100
Resource depletion (water) 100
Land use 100
Number of considered impacts categories = first rate 161
Share of elementary flows (%) =» second rate 10021
Rate 1 (very good)

Justification The whole impact categories can be assessed and the

100% of elementary flows are considered

v" Precision/uncertainty

Data used come from a thorough literature review (see Table in General comments
and/or relevant information) and some data come from official sources and actual
facilities.

Rate 1 (very good)

Justification Thorough literature review, official sources of data and
some primary data for actual facilities.

v" Methodological appropriateness and consistency

Systern boundaries and EolL modelling

The model includes a cradle-to-gate system (from rapeseed farming to RME
production).

Regarding EoL modelling, there is no information about the processes.
Allocation
Allocation for co-products is considered by market values.

Situation A is assumed.
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Rate

2 (good)

Justification

Situation A.

Dataset includes a ‘cradle-to-grave’ system.
EoL modelling is not described.
Infrastructure and transports are included.

Allocation is included, based on market values
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GEMIS database Refinery\Rapeseed oil-ME-iLUC(50%) (arable)-DE-2010 en

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one TJ. Relevant
information about the sources of data is summarized in the following table and has
been extracted from the dataset.

Table 98: Sources of data in the GEMIS database for RME.

Stage Type Reference Comments
Vield OEKO 2008; UBA/BMU 2010
(OEKO 2010)

Fertilizer use

Pesticide use - -
Rapeseed Soods . -

cropping Cultivation activities - -
Transportation - -
Emissions from

fertilizer use
LUC/ILUC Not referenced LUC and 50% ILUC
Sto_r age and IFEU 2002;IFEU 1999 -
drying
Infrastructure data - -
0 IFEU 2002;IFEU 199S;IFEU ~
Oil mill Input data 2008;
Allocation - -
Oil refining - - -
Infrastructure data - -
P IFEU 2002;IFEU 1999;IFEU
Esterification Input data ,00 ’ 99; -
2008;
Allocation - -

v" Technological representativeness

Regarding the technology description, data come from the production of RME from
rapeseed oil. Data include also the processing of the couple glycerin. The processes of
milling, storage, drying and farming are included. Transports are included too.
Allocation is based on the heating value of the products.

Rate 2 (good)

Justification There is no information about the type of plants and/or
the type of included equipment. Only production of
rapeseed, rapeseed oil and RME in Germany is considered.
Not imported rapeseed or rapeseed oil is considered.

v" Geographical representativeness

Regarding the information included in the dataset, it includes the process of farming
in Germany, so national production is assumed. There are no imports assumptions.

Rate 3 (fair)

Justification The geographical aspects have been modelled according
German conditions of farming. Not imported rapeseed or
rapeseed oil is considered.
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v' Time-related representativeness

The reference year is 2010, and the literature comes from: OEKO (2002, 2008s,
2010s), IFEU (1999, 2002, 2008).

Rate 2 (good)

Justification Reference year is 2010.
Literature comes from 1999-2010

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 99: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 100
Human toxicity (non cancer) 100
Particulate matter 100
lonizing radiation (Human Health) 0*
lonizing radiation (Ecosystems) 0"
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) o**
Eutrophication (marine) 100
Ecotoxicity (freshwater) 100
Resource depletion (minerals, fossil & renewable) 33.3%>
Resource depletion (water) 100
Land use 50
Number of considered impacts categories =» first rate 1292
Share of elementary flows (%) =» second rate 950 => 2

* Nuclear waste is included but elementary flows are not defined.
** Inorganic salt is included but elementary flows are not defined.

*** Nuclear resources are included but elementary flows are not defined.

Rate 2 (good)

Justification 12 impact categories can be assessed and 90% of
elementary flows are considered.
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v Precision/uncertainty

According to dataset, data quality is good (primary data). Data comes from literature
(see Time-related representativeness criterion). Main data come from IFEU (1999).

Rate 3 (fair)

Justification Data comes from literature.

v" Methodological appropriateness and consistency

System boundaries and Fol modelling

Figure shows a ‘cradle-to-grave’ scenario for producing RME in the Germany.
Infrastructures are included in Germans scenarios, but EoL modelling is not included.

biomass

chem-inarghFertilizer-Ca-2000
chem-inorgfertilizer-K-2000
chem-inorgfertiizer-P-2000
chem-inorgh Fertilizer-k-DE-2000 dieselmotor-DE-agriculture-2010 (er
fFarminglrapeseed-iLUCS0%: (arable)-DE-2010
Tl refineryoil-lite-DE-2010
qgrid-el-DE-distribution-LV-2010
storage+dryvingirapeseed-iLUCS0%: (arable)-DE-2010
chem-inorgicitrus acid-2000 T
chem-inorgibleaching earth-2000 heat-process-mix-DE-industry-2010
chem-inorgihexane-2000 grid-el-DE-distribution-Ly-2010
millingrapeseed-oil-LUCS0%: (arable)-DE-2010/en
chem-inorgyHC-2000 1!
chem-inorghMaoH-mix-DE-2000 heat-process-mix-DE-industry-2010
wem-orgimethanol-feedstock-DE-2000 grid-el-DE-distribution-Ly-2010
refinery\rapeseedoil-ME-ILUCS0%: (arable)-DE-2010/en

Figure 49: Flow diagram of RME production, from GEMIS

Allocation

According to the extracted information of the software, situation A is assumed and
allocation procedures have been applied by the net heating value of the products.

Rate 2 (good)

Justification Situation A. Dataset includes a ‘cradle-to-grave’ system
process but it does not comprise EoL. Infrastructure and
transport are included. Allocation procedure by net
heating value. ILUC consideration.
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E3 database FAME/Plant oil/Esterification (allocation by energy)

v" General comments and/or relevant information

The functional unit of the dataset refers to the production of one kWh.

Relevant information about the sources of data is summarized in the following table
and has been extracted from the dataset.

Table 100: Sources of data in the E3 database for FAME.

Stage Type Reference Comments
Yield EFMA 2008 -
Fertilizer use EFMA 2008 -
Pesticide use - -
Rapeseed Seeds - -
cropping Cultivation activities GEMIS 4.1 Emissions from diesel use

Transportation - -
Emissions from fertilizer ~ Edwards, R., JRC, 25 June 2008; IPCC

Personal communication

use 2006

LUC/ILUC - -
Storage and
drying ) )

.. Infrastructure data - -

nput data uropean Biodiesel Boa -
Oil mill Input d E Biodiesel Board 2000

Allocation - -
Oil refining - Dreier 1998; UBA, 1999 -

Infrastructure data - -
Esterification Input data Reinhardt 1999; Dreier 1998; UBA, ~

1999; Dreier, 2000
Allocation - -

Important remark:

Regarding the methodology, this data set has been used as the reference information
to estimate of CO- emissions default values for rapeseed biodiesel in the Directive EC
28/2009. Furthermore, the methodology applied follows the methodology proposed
under the above mentioned Directive.

v" Technological representativeness

Regarding the technology description, data come from the production of FAME (Fatty
Acid Methyl Ester) from rapeseed oil. Rapeseed cropping in European conditions and
transformation technology representative of the European technology are considered.
No consideration of imports of rapeseed oil or rapeseed is made.

Rate 2(good)

Justification Only production of rapeseed, rapeseed oil and RME in
Europe is considered. Not imported rapeseed or rapeseed
oil is considered.
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v" Geographical representativeness

Regarding the information of the dataset in the software, it could be assessed with
the consideration of other datasets, in order to complete the ‘cradle-to-grave’ system:

e Plant oil / rape seed / Oil Mill / UBA 1999 (allocation by energy content).
e Rape seed / Drying and storage / UBA 1999.
e Rape seed mass / cultivation / CONCAWE.

Regarding the information included in the dataset, it includes the process of farming
in European conditions. There are no imports assumptions.

Rate 3 (fair)

Justification The geographical aspects have been modelled according
European conditions.

v' Time-related representativeness

The reference year is 2010, and references come from: Kaltschmidt et al (1997),
Dreier et al (1998), Kraus et al (1999), Hartmann (1995), Reinhardt (1999), IfE (2000)
and ADM (2000).

Rate 3 (fair)

Justification The reference year is 2010
References are from 1995-2002

v' Completeness

The following table shows the share of elementary flows that can be assessed in
accordance to the extracted information from the dataset in comparison with the
reference list from the pre-analysis.

Table 101: Share of completeness of elementary flows for each impact category.

Impact category Share of covered elementary flows (%)
Climate change 100
Ozone depletion 0
Human toxicity (cancer) 0
Human toxicity (non cancer) 0
Particulate matter 100
lonizing radiation (Human Health) 0
lonizing radiation (Ecosystems) 0
Photochemical ozone formation 100
Acidification 100
Eutrophication (terrestrial) 100
Eutrophication (freshwater) 0
Eutrophication (marine) 100
Ecotoxicity (freshwater) 0
Resource depletion (minerals, fossil & renewable) 333
Resource depletion (water) 0
Land use 0
Number of considered impacts categories =» first rate 794
Share of elementary flows (%) =» second rate 90> 4
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Rate 4 (poor)

Justification Only 7 impact categories can be assessed and the 90%
of elementary flows are considered.

v Precision/uncertainty

According to dataset, data precision is good for the refinery, and medium for milling
and cultivation. Many data come from literature references. However, main data
inputs of the transformation process have been provided by EBB (European Biodiesel
Board) and are primary data from the operators. Furthermore the data in this E3
dataset have been considered the base for the estimation of CO2 emissions default
values for rapeseed biodiesel in the Directive EC 28/20089.

Rate 3 (fair)

Justification References come from literature

E3 auto-evaluation: data precision is rough estimate.

v" Methodological appropriateness and consistency

Systerm boundaries and Eol modelling

A cradle to gate system is assumed.

Infrastructures not considered.

EoL not considered.

Allocation

Allocation procedures have been done by energy content.

Scenario with ‘allocation by masses’ is available.

Rate 3 (fair)

Justification Cradle to gate system.
EoL and Infrastructures are not included.

Allocation procedure by energy.
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6.2. Results, findings and recommendations

The ELCD dataset has been analysed using the information provided by PE
(developers of this dataset for the ELCD database, PE 2012a).

This dataset performs best in the completeness criterion. Nevertheless, although
rated with the highest score, 15 of 16 impact categories are fulfilled and the 93% of
relevant elementary flows are considered. In order to fulfill the criterion in a 1009%,
the following flows should be considered: Halon 1211 and CFC-10 for ozone
depletion; and iridium, cadmium and cypermethrin for resource depletion impact
category.

Regarding the technological representativeness criterion, the dataset lacks the
consideration of raw material imports -rapeseed and rapeseed oil- . Important
differences can appear especially in the cropping systems of rapeseed in exporter
countries such as Australia, Ukraine and Russia. Consideration of these systems
would improve the technological representativeness of the rapeseed biodiesel
produced in Europe. The geographical representativeness criterion also score lower
due to this lack of consideration of imported raw materials.

Time related representativeness scores 2, since many of the references do not cover
the reference period. The Ecoinvent dataset performs better in this criterion since its
validity year is closer to the years of the references but not due to the use of more
recent references.

Precision criterion could not be assessed since there is a lack of information on many
of the processes of the fuel chain.

Ecoinvent dataset scores better in methodological appropriateness and consistency
since it takes into account the infrastructures.

Regarding the methodology, a general comment would be that the analysed dataset
is modelled following a methodological approach that shows important discrepancies
with the approach proposed in the Directive 28/2009 (RED 2009) on the promotion of
the use of energy from renewable sources Annex V point C in order to assess the
greenhouse gas impacts of biofuels. Most important differences are related to
allocation procedures of co-products and electricity produced in CHP.

So, it would be advisable to harmonize the methodology used in the ELCD database
with the proposed by the EC in the framework of biofuels sustainability certification.
In order to do that the E3 dataset can be used. Nevertheless, it must be highlighted
that the ILCD Handbook (EC-JRC-IES 2010a) and RED (2009) differ in methodological
aspects such as allocation procedures in case of multifunctional processes.

Finally, the European Commission Energy  Transparency Platform
(http://ec.europa.eu/energy/renewables/biofuels/sustainability criteria_en.htm) is also
a source of relevant information.

7 See footnote 12.
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Table 102: Findings and recommendations summary for ‘DE: Rapeseed Methyl Ester’ dataset

Indicator ELCD data quality rating Findings or recommendation for improving

TeR 2 Imported raw materials (rapeseed and rapeseed oil can be considered)

GR 3 Imported raw materials (rapeseed and rapeseed oil can be considered)
TiR 2 -

C 1 Consideration of more pollutants: Halon 1 ZJA 1, CFC-10, iridium, cadmium and

cypermethrin
P - Data from EBB in E3 can be used to increase the precision score
It would be advisable to harmonize the methodology used in the ELCD
M 3 database with the proposed by the EC in the framework of biofuel

sustainability certification
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7. Conclusions

The work done in this extended analysis of the ELCD database aimed at providing
better founded information related to its data quality, following the indicators
developed and described within the ILCD handbook (EC-JRC-IES 20104, 2010b, 2011).
This analysis has meant an opportunity to apply these quality indicators to different
datasets for the first time, having two main consequences. Firstly, the implementation
of the quality indicators to the energy-related datasets from the ELCD has been used
to understand the room for improvement in future ELCD versions. Additionally, it has
also served to identify whether these data quality indicators are applicable and useful
for the database developers in general, as well as for the LCA practitioners.

In general terms, the quality of a dataset or database should be evaluated in a way
that guarantee that the final conclusions derived from the use of the dataset are
robust enough and are in line with the goal and scope described in the metadata. The
robustness, then, should be ensured by the use of datasets, in which the technology
and the time horizon defined as well as the considered geographical area are
appropriate to model the system. Furthermore, it should be assured that the data
used to build the dataset describe properly the relevant inputs and outputs
(considering uncertainties due to measurements, process specific variations, temporal
variations), that the elementary flows included cover the most relevant impacts and
that methodology used to build the dataset is appropriate to model the analysed
system.

The quality criteria indicators defined by the ILCD handbook have considered all these
six variables. In the first stage of this work, these indicators were redefined in order
to facilitate their implementation, and to ensure the quality of the assessment
whenever expert judgment was required.

The quality criteria indicators can be applied to any type of LCA dataset. However, in
order to ensure the appropriateness and robustness of the methodology applied, deep
knowledge on the analysed topic is required. In this case, a pre-analysis of the current
state of each analysed technology has been conducted to properly define the
parameters and rating used to later evaluate the datasets. The need of a deep
understanding of the technologies is basic, since expert judgement values have been
applied in many cases.

In many occasions, data quality is associated to uncertainty of data, mainly related to
the quantities that are described as inputs and outputs to the studied processes. This
uncertainty is very difficult to assess, since it is common to have only one source of
information and statistical values are not often provided. This analysis has tried to
highlight, that uncertainty is not the only criterion to take into account, even in the
cases where statistical information is enclosed within the dataset.

A comprehensive data quality analysis should be performed by any LCA practitioner,
considering the six criteria defined by the ILCD handbook, the interaction between
them and how the weakness and strengthens of the datasets might have influence
on the final results. In the assessment conducted here, these indicators have been
treated as independent from each other, in order to better identify the areas of
improvement in future versions, and considering that they are not being used in a
case study under this analysis. However, as mentioned before, the six criteria should
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be taken into account by the LCA practitioner to evaluate the quality, depending on
the goal and scope of the analysis.

Along the current study, several assumptions have been made in order to facilitate
the analysis. The results of the study have to be understood under this context. Below,
the most relevant assumptions are shown.

The region under study is Europe. Therefore, the European context in terms of
technology and geographical boundaries has been considered. In some cases, the
system boundaries of the dataset include other regions that have been taken into
account in the analysis.

Time representativeness identifies how well the data represent the declared time, and
depends on the intended application of the dataset. In this study, the time validity has
been used to analyse this criterion, considering a deviation of + 5 years. An analysis
of the learning curves of each technology, out of the scope of this analysis, would
have provided a better basis for a technology specific validity period.

Completeness has been evaluated based on the recommended methods published by
the ILCD in 2011. The use of different impact assessment methods may result in
different conclusions.

Precision or uncertainty is usually assessed according to the relative standard
deviation value of data by means of statistical models. However, the calculation of
the precision based on the standard deviation or other mathematical approaches is
not seen as meaningful per se, since the interpretation might vary depending on
different parameters. The assessment of this criterion has been based on expert
judgement according to sources used to model the datasets.

Methodological appropriateness evaluates the correct and consistent application of
the recommended LCI modelling framework and LClI method according to the ILCD
handbook. The ILCD recommendations depend on the situation context in which the
dataset will be used: Situation A (Micro-level decision support), Situation B
(Meso/macro-level decision support) and Situation C (Accounting). Although the
datasets should cover all situation concerning decision context, this analysis has been
conducted considering that the database is modelled under Situation A%, The
assessment has to be interpreted under this context. The analysis of this criterion
might be different for other contexts.

Taking these considerations into account, the data quality assessment conducted in
here should not be extrapolated to datasets under different contexts.

Furthermore, the analysis has been performed only in a selection of the most
representative energy datasets from the ELCD as well as from the other selected
databases. The conclusions obtained in this analysis cannot be extrapolated to other
type of datasets, nor can be used to compare databases among them.

The current study has consisted of the analysis and comparison of different energy
datasets and the review of authoritative sources that could be used in the context of
the ELCD. From the deep analysis conducted, it must be highlighted that the ELCD
datasets have been modelled based on an extensive review of the most relevant

'8 The situation context has been defined according to the claims or decisions provided by the database providers.
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literature and statistics. The documentation used to model the ELCD energy related
datasets can be found in the Life Cycle Thinking Platform web-site?°.

In terms of the quality criteria, the analysed ELCD datasets showed a very good
performance in many of the criteria and especially in those criteria related to
technology representativeness, methodology and completeness.

Concerning technology, it must be stated that the inclusion of still minority advanced
electricity generation technologies that could have an important share in the future is
seen as an important improvement of the database. Technologies such as solar
thermal power plants already relevant in the mix of countries like Spain, ocean
technologies, carbon capture technologies and shale gas have good prospects to be
important in future energy mixes. Also in this line, the use of energy models such as
PRIMES or TIMES to derive future European electricity mixes is also seen as an
important improvement of the database that could be very useful for prospective and
consequential LCA studies.

The analysis of the completeness criterion has revealed that there are some relevant
elementary flows that are missing and preclude a full compliance with the criterion.
These elementary flows are the following: Halon 1211%°, CFC-10, CFC-11, CFC-12,
cadmium, indium, iridium, cypermethrin and decane.

In terms of methodology, and although it fully complies with the methodology quality
criterion, it would be advisable to harmonize the methodology recommended by the
ILCD handbook and used in the biofuels ELCD datasets with the proposed by the EC in
the framework of biofuels sustainability certification. E3 database fully follows this
methodology and can be used as a source of data. The EC Energy Transparency
Platform

(http://ec.europa.eu/energy/renewables/biofuels/sustainability criteria en.htm) is also
a source of relevant information.

Concerning the different technologies analysed, ELCD datasets have the best quality
rating in the majority of the technologies, with the exception of electricity from
nuclear datasets in which TiR and M criteria score worse than other databases and PV
dataset where M criterion also performs worse than in other databases. Several
recommendations have been made to overcome these limitations.

Results from the analysis of the electricity mix dataset are quite good although some
limitations of the use of this dataset are anticipated. Electricity datasets by energy
source and country are not currently available in the ELCD database. Their inclusion in
future versions will improve the flexibility and usefulness of the database.

Since electricity is a major input in many processes, having prospective future
electricity mixes using the output information from energy models such as PRIMES or
TIMES could be very useful for prospective and consequential LCA studies.

ELCD electricity production from fossil fuels datasets has also obtained very good
results in this analysis. Main recommendations to improve some criteria are related to
the inclusion of some missing technologies such as carbon capture and storage (CCS)
technologies and the refinement of the inventory of some pollutants.

9 http://elcd.jrc.ec.europa.eu/ELCD3/
% See footnote 12.
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Nuclear electricity data sets in ELCD have in general a lower score than fossil fuels
electricity datasets and other analysed databases performs better in some criteria.
The reason lies on the use of several old references and the lack of consideration of a
final repository. Main recommendations to improve this dataset would be to update
some of the old references, to use some proposed authoritative sources to feed the
inventories and to include a final repository for spent fuel and high activity waste
step.

Electricity production from hydropower performs quite well using the proposed
criteria. Main recommendations for improvement related to the inclusion of small
Hydropower Plants (SHPP) due to the potential importance in the mix.

Electricity production from wind dataset also got the best rates in most of the
categories. However it is recommended to review for future versions other wind
options, such as the “small and medium scale wind”, which might increase in the
future, and the re-powering, which substitutes old turbines, increasing the capacity.

The ELCD biomass dataset analysed scored very well in most of the criteria. However
it is important to highlight that the score is valid as far as German conditions are
referred since the analysed dataset is developed for Germany. However, the results,
especially from the forestry module, cannot be extrapolated to the European
conditions since forestry management activities are very variable across Europe. The
dataset should be split in several ones representing other forestry management
practices and yields such us Nordic or Mediterranean countries forestry2?.

The ELCD solar PV dataset performs the best in 5 of 6 categories. In order to improve
the score in the Methodology criterion the dataset should include an EoL scenario.
Regional specificities in terms of capacity factors are also a concern in this dataset
and should be handled with care since this dataset could be used for different
geographical contexts.

Crude oil fuel based ELCD datasets achieve the best scores in the whole quality
criteria. It is acknowledged the extensive use of Authoritative Sources and Business
Associations as a source of data and the effort to apply an innovative allocation
methodology avoiding black box unit scenarios.

Natural fuel ELCD dataset performs better than any other database in five quality
criteria. It has been modelled in a way that includes the most updated and precise NG
supply mix in EU-27.

Unconventional hydrocarbons exploitation such shale gas is a hot topic currently in
Europe. Several Member States of the EU are discussing new regulations to allow the
exploitation of these resources. Under this framework, the European Commission is
already studying the potential environmental impacts and health risks that may arise
from individual projects and cumulative developments of this technology. Taken into
account this context, it is recommended to follow the development of this technology
and the requlatory framework, so that the technology could be included in future
versions, if necessary.

The rapeseed biodiesel ELCD dataset has been analysed using the information
provided by PE (developers of this dataset for the ELCD database, PE 2012a) and
some information is missing and could not be evaluated. The dataset lacks the

2 Nevertheless, GaBi database includes datasets for different regions.
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consideration of raw material imports -rapeseed and rapeseed oil- which is
considered to be a big limitation that should be improved. Regarding the methodology
it is highlighted the lack of harmonization between the methodology used in the ELCD
database and the methodology proposed by the EC in the framework of biofuels
sustainability verification.

Regarding the use of authoritative sources, the ELCD database makes extensive use
of the statistical information provided by the IEA. This is of course an authoritative
source. However, for the European context it seems appropriate the use of data
reported by each country to Eurostat, which is freely available from the web-site??. In
order to improve precision, it would be advisable to make a more extensive use of
Business Associations and Authoritative sources data that have been proposed
through the analysis.

The goal and scope of this study aims at providing guidance for the improvement of
the energy-related ELCD datasets in future versions, so that recommended actions
for the short-medium and long term can be distinguished.

Actions to be taken in the short-medium term

One of the most relevant weaknesses of the ELCD is the lack of datasets that model
electricity produced by each technology in each European country. Currently, the ELCD
includes electricity mix datasets for each country, modelled considering an
established share of sources that might be different to the needs of the user.

Although the optimal solution to this limitation would be to model new datasets for
electricity production by technology and for each country, this might not be feasible
for the short term. An alternative solution would be to model datasets for each
technology under a European context, and to introduce parameters in the electricity
mix datasets to vary the shares of each technology.

In order to give response to any change or advance in technologies, and to be able to
model new datasets and/or to modify the current ones if necessary, it is highly
recommended to constantly review the evolution of advanced technologies and their
share in the European market..

This study has identified some of the technologies that might play an important role
in the future electricity mixes in Europe:

« Carbon Capture and Storage

« Small hydropower

« Small and medium scale wind, and wind re-powering
. Concentrated Solar Power

. Shale gas.

Business associations and authoritative sources are relevant sources to update the
status of these technologies. Along this study relevant sources have been identified.
Next, the most relevant business associations and authoritative sources are listed in
the table.

22 http://epp.eurostat.ec.europa.eu/portal/page/portal/energy/data/database.
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Table 103: List of relevant Authoritative Sources and Business Associations.

Name

Web page

Sector /Technology

Type of information

British Wind Energy
Association (BWEA)

http://www.renewableuk.com/

Wind energy industry in UK

Technical and statistical
data

European Association of Coal
and Lignite (EURACOAL)

http://www.euracoal.be/

Lignite and coal

Precise inventories

European Association of Gas
Wholesale, Retail and
Distribution Sector
(EUROGAS)

http://www.eurogas.org/

Gas

Sector statistics

EurObserv’ER Barometer

http://www.eurobserv-er.org/

Renewable Energy

Technical fact sheets,
statistics, sectorial
reports

European Photovoltaic
Industry Association

http://www.epia.org/home/

European PV stakeholders

Technical and statistical
data, market
development and
position papers

European Photovoltaic
Technology Platform

http://www.eupvplatform.org/

Photovoltaic

Technical, statistical,
market and legislative
data

European Pollutant Release
and Transfer Register (E-
PRTR)

http://prtr.ec.europa.eu/

Industrial facilities (including
power plants)

Key environmental data

European Small Hydropower
Association (ESHA)

http://www.esha.be

European Hydropower
stakeholders

Technical, statistical,
market and legislative
data

European Wind Energy

Technical, statistical,
market and legislative

L p:// . .org/ i
Association (EWEA) hitp;//www.ewea.or Wind data
Researching activities
Market data related to
Gas Infrastructure Europe ’ transmission System and
http://www.gie.eu.com/ Gas

(GIE)

Storage Operators, and
LNG Terminal Operators

International Hydropower
Association (IHA)

http://www.hydropower.org/

International Hydropower
stakeholders

Studies related to
sustainability in the
sector and hydropower
developments

International Energy Agency
(IEA)

http://www.iea.org/

Energy security, economic
development, environmental
awareness, and engagement
worldwide

Technical, statistical,
market and legislative
data

Researching activities

Statistical Office of the
European Communities
(Eurostat)

http://ec.europa.eu/eurostat

European statistics

Databases, statistics

Technical Association of the
European Natural Gas
Industry (MARCOGAZ)

http://www.marcogaz.org/

Gas

Technical, statistical and
legislative data

Union of Electricity Industry
(EURELECTRIC)

http://www.eurelectric.org/

Electricity Generation

EU data fact sheets

Wind Power Net

http://www.thewindpower.net/

Wind Power

Wind turbines and wind
farms database

UNSCEAR (United Nations
Scientific Committee on the
Effects of Atomic Radiation)

http://www.unscear.org/

Nuclear power

Radioactive emissions

IAEA (International Atomic
Energy Agency) DIRATA
database.

http://dirata.iaea.org

Nuclear power

Radioactive emissions
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Actions to be taken in the long term

As mentioned before, future versions of the ELCD should include new datasets for
electricity production by technology and by country. Also, future electricity scenarios
can be developed using to that end the output from energy models such as PRIMES or
TIMES. This is an important improvement of the database that could be very useful
for prospective and consequential LCA studies.

Modelling the end of life of the systems appears to be a difficult task due to the
novelty of some technologies and the lack of data from other technologies (solar PV,
final repository for spent nuclear fuel and natural gas plant dismantling). Efforts on
this challenge should be kept in the future.

Since its first release, the ELCD database has been updated two times. The needs of
reviewing and updating the ELCD database depend on the different sectors and the
technologies. It would be useful to define periods to revise the energy-related
datasets.

For this purpose, a deep analysis of the learning curves would identify the level of
maturity for each technology. Then, special periods for reviewing could be identified
by technology.

This study shows the results of the first analysis of energy- related datasets based
on the data quality indicators described by the ILCD Handbook (EC-JRC-IES 20103,
2010b, 2011). The study provides detailed information about the datasets quality in
terms of representativeness (technological, geographical and time-related) and
appropriateness (completeness, precision and methodological). These results ensure
the quality of the energy-related datasets to any LCA practitioner, and provide
insights related to the limitations and assumptions underling in the datasets
modelling.

Giving this information, the LCA practitioner will be able to decide whether the use of
the ELCD datasets is appropriate based on the goal and scope of the analysis to be
conducted.
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Annex 1 Pre-analyses

According to the definitions of the quality criteria in the Methodological Report (Garrain et al, 2012), the
following pre-analyses and considerations have been performed for further assessment the TeR and GR
quality criteria.

Electricity mix

TeR and GR criteria shall be related to the European market context. For that purpose, a pre-analysis of
the situation of the electricity EU-27 grid mix has been performed. This grid mix dataset can be derived
by two different but complementary ways: i) by adding the national grid mixes of the EU-27 Member
States according to the individual share of gross production in the overall EU gross production of
electricity, or ii) by adding the fuel sources mixes for generating electricity in EU-27 Member States.
Figure 50 and Figure 51 show the electricity EU-27 grid mix by the different ways described below.

In case of considering the EU-27 country-mix, each national electricity grid mix has to be considered in
the same way. Table shows the share of electricity from individual energy sources in each EU-27
Member State.
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Figure 50: Share of countries in the electricity EU-27 grid mix in 2009 (IEA 2010a, PE 2012a)



Table 104: Share (%) of electricity mix in EU-27 countries (PE, 2012a).

1%] AT BE cz DK Fl FR DE GR HU
Nuclear 0 5371 3184 0 2967 76.46 23.30 0 36.99
Lignite 0 0 5146 0 0.01 0 24.38 52.40 1695
H. coal 823 654 693 48.05 1097 4.07 1975 0 077
Coal gas 2.04 1.99 1.26 0 077 067 149 0 030
NG 16.70 29.03 350 19.07 1451 381 1375 2168 37.94
Fuel oil 1.85 048 0.16 311 055 101 145 1569 090
Biomass 4.86 293 1.40 495 1298 025 141 0 4.40
Biogas 151 055 032 069 0.12 0.12 171 030 0.17
Waste 112 1.70 0.02 5.15 061 066 147 0.03 057
Hydro 60.70 212 287 0 22.06 11.88 424 6.44 050
Wind 298 071 024 18.99 039 099 637 346 050
PV 0 0 0 0 0 0 069 0 0
Geoth. 0 0 0 0 0 0 0 0 0
Peat 0 0 0 0 671 0 0 0 0
Other 0 024 0 0 065 0.09 0 0 0
IE IT LU NL PL PT SK ES SE
Nuclear 0 0 0 3.90 0 0 57.83 18.80 4259
Lignite 0 0 0 0 36.68 0 765 1.06 0
H. coal 1762 1350 0 2181 53.76 2435 852 14.46 034
Coal gas 0 173 0 3.09 1.40 0 166 040 074
NG 54.14 54.12 66.48 58.92 203 33.05 5.57 38.74 0.40
Fuel oil 5.83 9.86 0 1.92 1.49 9.02 235 574 058
Biomass 0.10 0.86 0 2.38 2.05 3.26 1.66 0.60 595
Biogas 044 052 111 1.08 0.16 0.15 0.07 0.19 0.09
Waste 0 1.02 1.94 271 0.19 1.24 0.14 050 144
Hydro 438 1479 27.70 0.09 173 1587 1454 832 46.12
Wind 8.09 154 277 4.00 051 1261 0 10.26 133
PV 0 0.06 0 0 0 0 0 0.83 0
Geoth. 0 172 0 0 0 043 0 0 0
Peat 9.40 0 0 0 0 0 0 0 041
Other 0 028 0 0.09 0 0 0 0.10 0
UK Sl MT LV LT EE v BG RO

Nuclear 1348 3821 0 0 71.05 0 0 35.00 1729
Lignite 0 2931 0 0 0 90.93 0 38.06 39.58
H. coal 3218 317 0 0 0 0 0 13.40 0.17
Coal gas 035 0 0 0 0 0 0 0.09 0.09
NG 45.39 293 0 39.02 14.58 661 0 5.24 15.27
Fuel oil 157 0.12 100 0 4.09 038 99.80 062 1.08
Biomass 071 1.40 0 0.19 043 0.28 0 0 0.03
Biogas 137 037 0 076 0.07 0.09 020 0 0
Waste 0.74 0 0 0 0 0 0 0.04 0
Hydro 239 24.50 0 58.50 7.11 028 0 728 26.48
Wind 1.82 0 0 1.14 266 123 0 027 0.02
PV 0 0 0 0 0 0 0 0 0
Geoth. 0 0 0 0 0 0 0 0 0
Peat 0 0 0 0 0 0.19 0 0 0
Other 0 0 0 0 0 0 0 0 0
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Figure 51: Share of fuel sources in the electricity EU-27 grid mix in 2009 (IEA 2010a, GaBi6 software

2012)
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The following table shows the (gross and net) electricity production EU27 mix in the period 2004-2011.

Table 105: Gross electricity production in Europe (Eurostat).

Country 2004 2005 2006 2007 2008 2009 2010 2011
Belgium 2,6% 2,6% 2,6% 2,6% 2,5% 2,8% 2,8% 2,7%
Bulgaria 1,3% 1,3% 1,4% 1,3% 1,3% 1,3% 1,4% 1,5%

Czech Republic 2,6% 2,5% 2,5% 2,6% 2,5% 2,6% 2,6% 2,7%
Denmark 1,2% 1,1% 1,4% 1,2% 1,1% 1,1% 1,2% 1,1%
Germany 18,7% 18,7% 19,0% 18,9% 18,9% 18,5% 18,8% 18,6%

Estonia 0,3% 0,3% 0,3% 0,4% 0,3% 0,3% 0,4% 0,4%
Ireland 0,8% 0,8% 0,8% 0,8% 0,9% 0,9% 0,9% 0,8%
Greece 1,8% 1,8% 1,8% 1,9% 1,9% 1,9% 1,7% 1,8%
Spain 8,5% 8,9% 8,9% 9,1% 9,3% 9,2% 9,0% 8,9%
France 17,5% 17,4% 17,1% 16,9% 17,0% 16,8% 17,0% 17,1%
Italy 9,2% 9,2% 9,4% 9,3% 9,5% 9,1% 9,0% 9,2%
Cyprus 0,1% 0,1% 0,1% 0,1% 0,2% 0,2% 0,2% 0,2%
Latvia 0,1% 0,1% 0,1% 0,1% 0,2% 0,2% 0,2% 0,2%
Lithuania 0,6% 0,4% 0,4% 0,4% 0,4% 0,5% 0,2% 0,1%
Luxembourg 0,1% 0,1% 0,1% 0,1% 0,1% 0,1% 0,1% 0,1%
Hungary 1,0% 1,1% 1,1% 1,2% 1,2% 1,1% 1,1% 1,1%
Malta 0,1% 0,1% 0,1% 0,1% 0,1% 0,1% 0,1% 0,1%
Netherlands 3,1% 3,0% 2,9% 3,1% 3,2% 3,5% 3,5% 3,4%
Austria 2,0% 2,0% 1,9% 1,9% 2,0% 2,2% 2,1% 2,0%
Poland 4,7% 4,7% 4,8% 4,7% 4,6% 4,7% 4,7% 5,0%
Portugal 1,4% 1,4% 1,5% 1,4% 1,4% 1,6% 1,6% 1,6%
Romania 1,7% 1,8% 1,9% 1,8% 1,9% 1,8% 1,8% 1,9%
Slovenia 0,5% 0,5% 0,5% 0,4% 0,5% 0,5% 0,5% 0,5%
Slovakia 0,9% 1,0% 0,9% 0,8% 0,9% 0,8% 0,8% 0,9%
Finland 2,6% 2,1% 2,5% 2,4% 2,3% 2,2% 2,4% 2,2%
Sweden 4,6% 4,8% 4,3% 4,4% 4,5% 4,3% 4,4% 4,6%
United Kingdom 12,0% 12,0% 11,8% 11,8% 11,5% 11,7% 11,4% 11,2%

Table 106: Net electricity production in Europe (Eurostat).

Country 2004 2005 2006 2007 2008 2009 2010 2011
Belgium 2,6% 2,7% 2,6% 2,7% 2,5% 2,9% 2,9% 2,8%
Bulgaria 1,2% 1,3% 1,3% 1,2% 1,3% 1,3% 1,3% 1,5%

Czech Republic 2,5% 2,4% 2,4% 2,5% 2,4% 2,5% 2,5% 2,6%
Denmark 1,2% 1,1% 1,4% 1,2% 1,1% 1,1% 1,2% 1,1%
Germany 18,5% 18,5% 18,8% 18,7% 18,7% 18,3% 18,6% 18,4%

Estonia 0,3% 0,3% 0,3% 0,3% 0,3% 0,3% 0,4% 0,4%
Ireland 0,8% 0,8% 0,8% 0,8% 0,9% 0,9% 0,9% 0,8%
Greece 1,8% 1,8% 1,8% 1,8% 1,9% 1,8% 1,7% 1,7%
Spain 8,6% 9,0% 9,0% 9,2% 9,4% 9,3% 9,1% 9,0%
France 17,6% 17,5% 17,3% 17,0% 17,1% 16,9% 17,1% 17,3%
Italy 9,3% 9,3% 9,5% 9,4% 9,6% 9,2% 9,1% 9,4%
Cyprus 0,1% 0,1% 0,1% 0,1% 0,1% 0,2% 0,2% 0,2%
Latvia 0,1% 0,1% 0,1% 0,1% 0,2% 0,2% 0,2% 0,2%
Lithuania 0,6% 0,4% 0,4% 0,4% 0,4% 0,5% 0,2% 0,1%
Luxembourg 0,1% 0,1% 0,1% 0,1% 0,1% 0,1% 0,1% 0,1%
Hungary 1,0% 1,1% 1,0% 1,2% 1,2% 1,1% 1,1% 1,1%
Malta 0,1% 0,1% 0,1% 0,1% 0,1% 0,1% 0,1% 0,1%
Netherlands 3,2% 3,1% 3,0% 3,2% 3,2% 3,6% 3,6% 3,5%
Austria 2,0% 2,0% 2,0% 2,0% 2,0% 2,2% 2,2% 2,0%
Poland 4,5% 4,6% 4,6% 4,5% 4,4% 4,5% 4,5% 4,8%
Portugal 1,4% 1,4% 1,5% 1,4% 1,4% 1,6% 1,7% 1,6%
Romania 1,7% 1,8% 1,8% 1,8% 1,9% 1,7% 1,8% 1,8%
Slovenia 0,5% 0,5% 0,4% 0,4% 0,5% 0,5% 0,5% 0,5%
Slovakia 0,9% 0,9% 0,9% 0,8% 0,8% 0,8% 0,8% 0,8%
Finland 2,6% 2,2% 2,5% 2,4% 2,3% 2,3% 2,4% 2,3%
Sweden 4,8% 4,9% 4,4% 4,5% 4,6% 4,4% 4,6% 4,7%
United Kingdom 12,1% 12,1% 11,9% 11,9% 11,6% 11,8% 11,5% 11,3%
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Electricity from hard coal and lignite

Pulverized coal (PC) fired is the most common installed technology nowadays (Bauer et al, 2008; IEA-
ETSAP, 2010a). In a PC fired power plant, coal is milled and burned with air in tall boilers that provide for
complete burnout and efficient heat transfer. Radiant and convective heat is transferred to the boiler
walls’ pipes that carry pressurised water. In a few heating stages, water is converted into superheated
steam. An average net thermal efficiency of 35% 36% is commonly assumed for large existing plants
with sub-critical steam burning relatively high quality coals.

Currently, supercritical pulverised coal (SCPC) power - a mature technology - is the dominant option for
new coal-fired power plants (IEA-ETSAP, 2010a, IEA, 2011). In a SCPC power plant, pulverised coal
combustion generates heat that is transferred to the boiler to generate supercritical steam. The steam is
then used to drive a steam turbine and an electricity generator. These plants use supercritical steam as
the process fluid to reach high temperatures and pressures, and efficiencies up to 46%. New ultra-
supercritical (U-SCPC) power plants may reach even higher temperatures and pressure, with efficiency up
to 50%

Supercritical technology is already used in a number of European countries where their share in coal-
fired power generation in those countries varies.

Within Europe, only The Netherlands, Germany and Greece, have SC plants in operation with shares lower
than 25% at the maximum. USC plants are in operation in Denmark, Germany, Japan and lItaly; however
their share of global power generation is under 1% (IEA, 2011).

The most effective way to reduce most of the emissions species produced by coal combustion in PCs is
through post-combustion pollution control devices. ESP and/or fabric filters can remove well over 99% of
fly ash from flue gases in current plants. Flue gas desulphurisation (FGD) plants can remove 90-97% of
sulphur oxides from flue gases, and convert it into gypsum for use in buildings (WCI, 2005). Selective
catalytic NOy reduction (SCR), also a post-combustion technique, can achieve reductions of 80-90%
(Bauer et al, 2008). NOy can also be controlled using low-NOyx burners, effective up to 40%, and re-
burning techniques Together these two techniques reduce NO, emissions up to 70% (Bauer et al, 2008).

Integrated gasification combined cycles (IGCC) are an alternative coal-fired power technology in which a
thermo-chemical reaction with oxygen and steam is used to convert coal (or liquid fossil fuels) into a
high-pressure gas consisting of carbon monoxide (CO), hydrogen (Hz), and carbon dioxide (CO,), with
small amounts of hydrogen sulphide (H.S). After cleaning, the gas is fired in a gas turbine and exhaust is
used to generate superheated steam in the heat recovery steam generator (HRSG) and to drive a steam
turbine. Efficiency varies from 39% to 45%.
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Figure 52: Location of advanced PC plants and their share in coal-fired power generation (IEA, 2011).
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Fluidised bed combustion (FBC) is a method of burning coal in a bed of heated particles suspended in an
upward gas flow (Bauer et al, 2008). The primary driving force for the development of fluidized-bed
combustion was the reduction in SO, and NO, emissions at the combustor. The relatively low combustion
temperature (800-900°C) reduces the production of NOy in the outlet gas compared to PC, but increases
the amount of the greenhouse gas N,O. FBCs produce dramatically less SO« when limestone or dolomite
is continuously added to the coal feed. FBCs can also use a wider range of fuels than PCs. The efficiency
of most fluidised beds used for power generation is similar to that of conventional plants. FBC
technologies include: atmospheric pressure fluidized bed combustion (AFBC) and pressurized fluidized
bed combustion (PFBC).

The following table summarizes the technological aspects and key data for coal-based power plants.

Table 107: Key data and figures for coal-based power technology (ETSAP, 2010a).

Technical Performance Typical current international figures

Energy input Hard coal or lignite; possible biomass co-firing up to 10-20% of energy
Qutput Electricity

Technologies (Ultra)supercritical plants (U)SCPC IGCC
Efficiency, % 46% 46%
Construction time, months Minimum 42; Typical 48; Maximum 54

Technical lifetime, yr 40

Load (capacity) factor, % Typical 75-85; Maximum 90

Max. (plant) availability, % 92

Typical (capacity) size, MWe 6001100 250-1200
Installed (existing) capacity, G\W. 1,260 1
Environmental Impact

CO- and other GHG emissions, kg/MWh 730-850 700-750 (new IGCC plant)
S02, g/MWh 110-250 50

NO,, g/MWh 180-800 70
Particulates, g/MWh 8-25 5-25

Solid waste (fly ash), kg/MWh 60-70 60-70
By-products Gypsum Sulphur

PC fired power plants produce a considerable amount of airborne emissions. A thousand-MWe-
supercritical plant emits about 5.2 Mt of CO; per year, in addition to smaller but significant amounts of
S0,, NOy, particulate matter (PM), and minor amounts of mercury. Emissions of SCPC and IGCC power
plants are quite smaller and shown in the following table.

Table 108: Airborne pollutant emissions from coal power plants (EC, 1995; IEA-ETSAP, 2010)

Plants PC (U)SCPC IGCC
GHG (kg CO2 eq/MWh) 905-920 730-850 700-750
S02 (g/MWh) 800-1100 110-250 50
NOx (g/MWh) 700-2200 180-800 70
Particulates (g/MWh) 160 8-25 5-25

Regarding the emission limits of coal power plants in Europe after 2003, the Directive 2001/80/EC of the
European Parliament and of the Council of 23 October 2001 on the limitation of emissions of certain
pollutants into the air from large combustion plants (EU, 2001) established the emission limits for
existing plants and new plants put into operation after November 2003. The limitations are summarized
in table 21.

Concerning the age structure of power plants in Europe, the following figure states that the last boom
for the construction of conventional and nuclear power plants was in the 80s. Since then mainly gas-
fired power plants have been built. Finally, the 60% of the hard coal power plants in Europe are older
than 25 years.
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Figure 53: Age structure of power plants in Europe in 2007 (http://www.rwe.com/web/cms/de/8/rwe).

Summarizing all the information presented, a representative technology for coal power plants in Europe
can be defined as follows:

Table 109: Representative technology for coal power plants in Europe.

Existing plants New plants
Technology PC SCPC
Efficiency 35 46
Life time 40 40
Load factor 75-85 75-85
Size 600-1100 600-1100
Emission limits (EU, 2011) PC SCPC
S0, (mg/NMs) 400 (or 94% desulphurization rate) 200
NOx (mg/NMs) 500 (200 after 2016) 200
PM (mg/Nm:s) 50 30

It must be stated that lignite power plants with super-critical steam conditions are installed exclusively in
Germany. In other countries only lignite-fired power plants with sub-critical parameters are operated
(Bauer et al, 2008).

According to the GR criterion, the pre-analysis has to state which countries are considered based on their
contribution to the imported raw materials. Then, the origin and the share of imported (and domestic)
hard coal in Germany, UK and Poland, within their technical characteristics, have been listed in the
following tables.

Table 110: Domestic hard coal production and imports in Germany in 2009 (IEA, 2010e).

Country Tons %
Domestic (DE) 13760 26
Imports 38475 74
Russia 9529 18
Colombia 6487 12
South Africa 5320 10
USA 4424 8
Poland 4056 8
Others 3864 7
Australia 3607 7
Canada 1109 2
Great Britain 65 0
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Table 111: Domestic hard coal production and imports in UK in 2009 (IEA, 2010e).

Country Tons %
Domestic (UK) 18060 29
Imports 43875 71
Russia 21909 35
Colombia 5294 9
South Africa 4281 7
USA 4280 7
Australia 3902 6
Indonesia 2162 3
Canada 1378 2
Others 365 1
Poland 224 0
China 51 0
Germany 19 0
Venezuela 9 0
Czech Republic 1 0
Table 112: Domestic hard coal production and imports in Poland in 2009 (IEA, 2010e).
Country Tons %
Domestic (PL) 78060 88
Imports 10793 12
cls 7730 9
Czech republic 1749 2
USA 963 1
Colombia 255 0
Australia 65 0
Others 17 0
Germany 5 0
China 5 0
South Africa 3 0
Great Britain 1 0
Table 113: Technical characteristics of hard coal by country (WCI, 2005).

Country %S (wt) LHV (MJ/kg)
Russia 0.3-08

Colombia 0.4-0.9

USA 02-7.7 16 (15-20)
Poland 04-1.2 21-28
Germany 0.45-1.8 21-32
Australia 02-13 22.5-27
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According to Eurostat data, the following tables show the imports of hard coal in the evaluated countries:
Germany, United Kingdom and Poland (WEU includes BE, DK, ES, FR, IT, MT, NL, AT, DE, PT, FI, SW, NO and

CH EEU includes BU, CZ, LT, HU and RU).

Table 114: Hard coal imports in Germany (Eurostat).

Country 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
WEU 6% 11% 6% 5% 2% 2% 1% 1% 1% 1% 1% 1%
EEU 31% 27% 26% 25% 22% 25% 24% 17% 15% 13% 17% 12%
Russia 4% 7% 6% 6% 13% 18% 19% 18% 18% 23% 22% 20%
South Africa 14% 13% 25% 22% 21% 20% 19% 15% 18% 13% 6% 5%
Canada 3% 2% 3% 4% 1% 4% 4% 3% 3% 3% 2% 3%
USA 3% 2% 2% 1% 2% 3% 5% 6% 11% 11% 11% 15%
Colombia 8% 7% 15% 15% 9% 7% 9% 12% 9% 16% 16% 21%
Venezuela 1% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
China 3% 4% 4% 0% 4% 0% 0% 0% 0% 0% 0% 0%
Indonesia and

Vietnam 1% 2% 1% 1% 0% 0% 0% 0% 0% 0% 0% 0%
Australia and New

Zealand 13% 10% 11% 12% 9% 10% 10% 11% 10% 9% 8% 8%
Other 14% 13% 0% 8% 17% 10% 9% 18% 15% 13% 16% 15%
Table 115: Hard coal imports in UK (Eurostat).

Country 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
WEU 1% 1% 2% 3% 2% 1% 1% 1% 1% 2% 2% 2%
EEU 5% 5% 9% 11% 4% 2% 3% 0% 1% 2% 2% 2%
Russia 2% 11% 14% 11% 27% 40% 45% 47% 49% 49% 37% 38%
South Africa 20% 29% 35% 38% 27% 29% 25% 18% 10% 8% 3% 2%
Canada 7% 3% 3% 2% 2% 2% 2% 4% 3% 1% 2% 1%
USA 12% 7% 5% 4% 6% 3% 4% 6% 10% 12% 18% 20%
Colombia 25% 19% 13% 10% 10% 8% 8% 9% 12% 14% 24% 25%
Venezuela 1% 0% 0% 0% 0% 0% 0% 0% 0% 1% 0% 0%
China 1% 2% 1% 2% 2% 1% 0% 2% 0% 2% 0% 0%
Indonesia and

Vietnam 1% 0% 0% 1% 4% 4% 4% 3% 5% 2% 0% 0%
Australia and New

Zealand 26% 20% 17% 17% 17% 10% 8% 10% 9% 8% 13% 10%
Other 1% 2% 0% 0% 0% 1% 0% 0% 0% 0% 0% 0%
Table 116: Hard coal imports in Poland (Eurostat).

Country 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
WEU 1% 1% 3% 2% 1% 1% 0% 0% 3% 0% 1% 0%
EEU 47% 37% 25% 26% 39% 26% 34% 39% 22% 20% 20% 24%
Russia 51% 61% 65% 71% 59% 70% 64% 52% 50% 67% 61% 63%
South Africa 0% 0% 5% 1% 0% 0% 0% 0% 2% 0% 0% 0%
USA 0% 0% 0% 0% 0% 0% 0% 5% 17% 9% 14% 9%
Colombia 0% 1% 1% 0% 1% 2% 2% 3% 5% 2% 3% 2%
China 0% 1% 1% 1% 0% 0% 0% 1% 0% 0% 0% 0%
Australia and New

Zealand 1% 0% 0% 0% 0% 1% 0% 0% 1% 1% 2% 1%

Concerning the electricity from lignite, usually lignite is used in power plants which are located close to
the mines, as the net calorific value of lignite is distinctly lower than hard coal and long transport routes
are uneconomic. As the share of imports at the total supplied lignite is usually below 0.02%, these could
be neglected for the modelling of lignite supply mix.

The origin and the share of domestic (and imported) lignite in Germany, Poland, Czech Republic and
Greece, within their technical characteristics, have been listed in the next tables.
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Table 117: Domestic lignite production and imports in Germany in 2009 (IEA, 2010e).

Country Tons %
Domestic (DE) 53,800 100
Imports 0,02 0

Table 118: Domestic lignite production and imports in Poland in 2009 (IEA, 2010e)

Country Tons %
Domestic (PL) 20,600 100
Imports 0,02 0

Table 119: Domestic lignite production and imports in Czech Republic in 2009 (IEA, 2010e)

Country Tons %
Domestic (CZ) 28,200 100
Imports 0,01 0

Table 120: Domestic lignite production and imports in Greece in 2009 (IEA, 2010e)

Country Tons %
Domestic (GR) 1161 100
Imports 0,01 0

Table 121: Technical characteristics of lignite (WCl, 2005).

Country %S (wt) LHV (MJ/kg)
Germany 0.15-35 7.8-115
Poland 0.2-11 74-103
Czech Republic 0.78-1.44 11.6-20.56
Greece - 3.77-9.63
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Electricity from natural gas

TeR criterion shall be related to the European market context. For that purpose, a pre-analysis of the
situation of the electricity from natural gas in Europe and the country has been performed. The highest
rate has been given when the country technology mix has been considered, meaning that the dataset
has been modelled taking into account all technologies available in the area of study. Next, an analysis
of the electricity generation technologies from natural gas in Europe and the world, in order to analyze
the most prevalent ones, has been carried out. There are two types of gas-fired power plants: open-cycle
gas turbine (OCGT) plants and combined-cycle gas turbine (CCGT) plants (ETSAP, 2010b):

OCGT for electricity generation were introduced decades ago for peak-load service. Simple OCGT
plants consist basically of an air compressor and a gas turbine aligned on a single shaft
connected to an electricity generator. Filtered air is compressed by the compressor and used to
fire natural gas in the combustion chamber of the gas-turbine that drives both the compressor
and the electricity generator. Almost two-thirds of the gross power output of the gas-turbine is
needed to compress air, and the remaining one-third drives the electricity generator. OCGT
plants have relatively low electrical efficiency ranging between 35% and 42% (lower heating
value, LHV). Aero-derivative gas-turbines provide efficiency of 41-42%, but their size is limited
to 40-50 MWe.

Since the early 1990s, combined-cycle gas turbines (CCGT) have become the technology of
choice for new gas-fired power plants. CCGT plants consist of compressor/gas-turbine groups —
the same as the OCGT plants - but the hot gas-turbine exhaust is not discharged into the
atmosphere. Instead it is re-used in a heat recovery steam generator (HRSG) to generate steam
that drives a steam-turbine generator and produces additional power. Gas-turbine exhausts
then leave the HRSG at about 90°C and are discharged into the atmosphere. CCGT plants
commonly consist of one gas turbine and one steam turbine. Approximately two thirds of the
total power is generated by the gas turbine and one-third by the steam turbine. Large CCGT
power plants may have more than one gas turbine. CCGT is a mature technology. It is one of the
dominant options for either intermediate-load (2000 to 5000 hrs/yr) or base-load (>5000
hrs/yr) electricity generation.

The following table provides a summary of the technology performance and other key data for gas-fired
power plants.

Table 122: Key data and figures for natural gas-based power technologies (ETSAP, 2010b).

Technical Performance Typical current international values and ranges
Energy input Natural gas

Qutput Eleciricity

Technologies OCGT CCGT
Efficiency, % 35-42% 52-650%
Construction time, months Minimum 24; Typical 27; Maximum 30
Technical lifetime, yr 30

Load (capacity) factor, % 10-20 | 20-60
Max. (plant) availability, % 92

Typical (capacity) size, MW, 10-300 | 60430
Installed (existing) capacity, GWe 1168 (end of 2007)

Average capacity aging Differs from country to country. CCGT construction started end of 1980s.
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Figure 54: Gas-fired CCGT plant (ETSAP, 2010b).

Regarding to the GR criterion, the pre-analysis has to state which countries are considered based on their
contribution to the imported raw materials. Then, the origin and the share of imported (via pipeline and
LNG) and domestic natural gas in UK, Germany, Italy and Spain have been listed in the following tables.

Table 123: Domestic NG production and imports in UK in 2009 (IEA, 2010d)

Country Tons %
Domestic (UK) 62414 60
Total imports 41466 40
Imports via pipeline 31339 30
Norway 23478 23
The Netherlands 6475 6
Belgium 1386 1
Imports via LNG 10127 10
Qatar 5600 5
Trinidad & Tobago 1902 2
Algeria 1776 2
Egypt 532 1
Others 171 0
Australia 74 0
USA 72 0
Table 124: Domestic NG production and imports in Italy in 2009 (IEA, 2010d)

Country Tons %
Domestic (IT) 8016 10
Total imports 69275 90
Imports via pipeline 66385 86
Algeria 21371 28
Russia 22917 30
Others (Libya) 10075 13
The Netherlands 7213 9
Norway 4809 6
Imports via LNG 2890 4
Algeria 1340 2
Qatar 1550 2
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Table 125: Domestic NG production and imports in Germany in 2009 (IEA, 2010d)

Country Tons %

Domestic (DE) 14497 13
Total imports 94557 87
Imports via pipeline 94557 87
Russia 35751 33
Norway 32493 30
The Netherlands 21796 20
Others 4517 4

Table 126: Domestic NG production and imports in Spain in 2009 (IEA, 2010d)

Country Tons %

Domestic (ES) 13 0

Total imports 34672 100
Imports via pipeline 8859 26
Algeria 6811 20
Norway 1903 5

France 131 1

Others 14 0

Imports via LNG 25813 74
Algeria 5235 15
Nigeria 4153 12
Qatar 4285 12
Trinidad & Tobago 4220 12
Egypt 4273 12
Others 1493 4

Libya 719 2

Oman 1347 4

Yemen 88 0

According to Eurostat data, the following tables show the imports of NG in the evaluated countries:
Germany, United Kingdom, Spain and Italy.

Table 127: Natural gas imports in UK (Eurostat).

Country 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Algeria 0% 0% 0% 0% 0% 3% 10% 2% 1% 4% 2% 0%
Netherlands 0% 0% 0% 0% 0% 0% 4% 24% 24% 16% 15% 12%
Norway 100% 100% 100% 100% 100% 96% 77% 71% 74% 60% 51% 44%
Egypt 0% 0% 0% 0% 0% 0% 6% 1% 0% 1% 0% 0%
Trinidad and

Tobago 0% 0% 0% 0% 0% 1% 2% 1% 2% 5% 3% 1%
Qatar 0% 0% 0% 0% 0% 0% 0% 1% 0% 14% 28%  42%
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Table 128: Natural gas imports in Germany (Eurostat).

Country 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Netherlands 23%  25% 24% 21% 23% 23% 24% 23% 20% 22% 27%  26%
Norway 28%  30% 33% 33% 32% 34% 32% 32% 34% 39%  35% = 35%
Russia 48%  45%  43%  46%  45%  44%  44%  45%  46%  40%  39%  39%
Table 129: Natural gas imports in Spain (Eurostat).

Country 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Algeria 68%  65% 65% 70% 63% 52%  40%  49%  43%  40%  41% = 47%
France 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 2%
Norway 15%  15%  12% 12% 10% 8% 7% 8% 8% 11% 11%  10%
Egypt 0% 0% 0% 0% 0% 12%  16%  15%  14% 14% 10% 8%
Libya 5% 5% 3% 4% 3% 3% 2% 3% 2% 2% 2% 0%
Trinidad and

Tobago 6% 4% 2% 0% 0% 1% 12% 8% 15%  14% 11% 9%
Oman 0% 6% 6% 3% 6% 6% 3% 1% 1% 4% 1% 1%
Qatar 2% 4% 11% 10% 17% 17% 18%  16%  16%  14% 20%  16%
Not specified 3% 0% 0% 0% 1% 0% 0% 0% 0% 0% 3% 7%
Table 130: Natural gas imports in Italy (Eurostat).

Country 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Algeria 51%  47%  41%  39%  38% 37%  36%  34%  34%  34%  42%  38%
Netherlands 11% 13% 13% 12% 12% 11% 12% 11% 9% 6% 5% 6%
United Kingdom 0% 0% 1% 2% 2% 1% 0% 0% 0% 0% 0% 0%
Norway 0% 2% 8% 8% 8% 8% 8% 8% 7% 6% 5% 6%
Croatia 0% 0% 0% 0% 0% 0% 2% 1% 1% 1% 1% 0%
Russia 38%  38%  35%  35%  35% 32% 29% 31% 31% 30% 23%  33%
Egypt 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 1%
Libya 0% 0% 0% 0% 1% 6% 10% 13%  13% 14% 14% 4%
Qatar 0% 0% 0% 0% 0% 0% 0% 0% 0% 2% 9% 10%
Not specified 0% 0% 2% 4% 6% 5% 3% 3% 4% 5% 0% 0%
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Electricity from nuclear power

According to WNA (www.world-nuclear.org), a nuclear reactor produces and controls the release of
energy from splitting the atoms of certain elements. In a nuclear power reactor, the energy released is
used as heat to make steam to generate electricity. The principles for using nuclear power to produce
electricity are the same for most types of reactor. The energy released from continuous fission of the
atoms of the fuel is harnessed as heat in either a gas or water, and is used to produce steam. The steam
is used to drive the turbines which produce electricity (as in most fossil fuel plants).

Today, reactors derived from designs originally developed for propelling submarines and large naval
ships generate about 85% of the world's nuclear electricity. The main design is the pressurised water
reactor (PWR) which has water at over 300°C under pressure in its primary cooling/heat transfer circuit,
and generates steam in a secondary circuit. The less popular boiling water reactor (BWR) makes steam in
the primary circuit above the reactor core, at similar temperature and pressure. Both types use water as
both coolant and moderator, to slow neutrons. Since water normally boils at 100°C, they have robust
steel pressure vessels or tubes to enable the higher operating temperature. The following table shows
the different types of reactors.

Table 131: Nuclear power plants in commercial operation (www.world-nuclear.org).

Reactor type Main Countries Number GWe Fuel Coolant  Maoderator
LIS, France, Japan, enriched
Pressurised Water Reactor (PWR) Russia, China 2N 2704 U0, water water
. enriched
Boiling Water Reactor (BWR) LIS, Japan, Sweden 234 a31.2 U0, water wgter
Pressurised Heavy Water Reactor heany
natural LI
"CANDU’ (PHWR) Canada 43 271 T ater heavy water
natural U
{metal, _
Gas-cooled Reactor (AGR & Magnox) LK 17 896 Lwriched Lo graphite
(9107
Light Water Graphite Reactor (REMK & ) entiched _
EGP) Russia 1M1+4 104 UO, water graphite
_ Fud; and liquid
Fast Neutron Reactor (FER) Fussia 1 0.6 - none
105 sodium
TOTAL 436 3499.3

PWR is the most common type of reactor, with over 230 in use for power generation and several
hundred more employed for naval propulsion. The design of PWRs originated as a submarine power
plant. PWRs use ordinary water as both coolant and moderator. The design is distinguished by having a
primary cooling circuit which flows through the core of the reactor under very high pressure, and a
secondary circuit in which steam is generated to drive the turbine. In Russia these are known as VVER
types - water-moderated and -cooled.

A PWR has fuel assemblies of 200-300 rods each, arranged vertically in the core, and a large reactor
would have about 150-250 fuel assemblies with 80-100 tons of uranium. Water in the reactor core
reaches about 325° C, hence it must be kept under about 150 times atmospheric pressure to prevent it
boiling. Pressure is maintained by steam in a pressurizer. In the primary cooling circuit the water is also
the moderator, and if any of it turned to steam the fission reaction would slow down. This negative
feedback effect is one of the safety features of the type. The secondary shutdown system involves
adding boron to the primary circuit. The secondary circuit is under less pressure and the water here boils
in the heat exchangers which are thus steam generators. The steam drives the turbine to produce
electricity, and is then condensed and returned to the heat exchangers in contact with the primary circuit.

BWR’s design has many similarities to the PWR, except that there is only a single circuit in which the
water is at lower pressure (about 75 times atmospheric pressure) so that it boils in the core at about
285°C. The reactor is designed to operate with 12-15% of the water in the top part of the core as steam,
and hence with less moderating effect and thus efficiency there. BWR units can operate in load-
following mode more readily then PWRs.

The steam passes through drier plates (steam separators) above the core and then directly to the
turbines, which are thus part of the reactor circuit. Since the water around the core of a reactor is always
contaminated with traces of radionuclides, it means that the turbine must be shielded and radiological
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protection provided during maintenance. The cost of this tends to balance the savings due to the simpler
design. Most of the radioactivity in the water is very short-lived, so the turbine hall can be entered soon
after the reactor is shut down. A BWR fuel assembly comprises 90-100 fuel rods, and there are up to
750 assemblies in a reactor core, holding up to 140 tons of uranium. The secondary control system
involves restricting water flow through the core so that more steam in the top part reduces moderation.

According to EURATOM (2011), at the end of 2011, a total of 134 nuclear power reactors were in
operation in the EU with six more under construction. Compared with the 2010 figures, nine reactors less
are in operation after eight were shut down in Germany in the wake of the Fukushima-Daiichi accident
and the Oldbury 2 unit was closed in the United Kingdom.

Table 132: Nuclear power reactors in the EU in 2011 (EURATOM, 2011).

Reactors in operation Nuclear electricity as %

Country (under construction) of total electricity generated
Belgium 7 54.0

Bulgaria 21(2) 326

Czech Republic 6 330

Finland 4(1) 316

France 58 (1) 777
Germany 9 178

Hungary 4 432
Netherlands 1 36

Romania 2 19.0

Slovakia 4(2) 54.0

Slovenia 1 417

Spain 8 195

Sweden 10 400

United Kingdom 18 178

Total 134 (6)
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Figure 55: Scheme of a PWR (www.world-nuclear.org).
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Figure 56: Scheme of a BWR (www.world-nuclear.org).

Nuclear fuel cycle in France

France has relied heavily on PWRs for electricity generation and the country has currently 58 PWR units
totaling 61.5 GW of capacity. The fuel cycle is based on a closed cycle with reprocessing of PWR spent
fuel and the recycling of Pu and reprocessed uranium (REPU) in PWRs. The nuclear fuel market is fully
open and France imports nuclear products and services from abroad. ‘Cogerna operates mines in Niger,
Canada and USA and also has financial interests in Australian mines and mines in central Asia. French
mines are exhausted.

Conversion of natural uranium into uranium hexafluoride is made in two plants in Malvesi and
Pierrelatte. Enrichment is performed by Eurodif in the gaseous diffusion plant of Pierrelatte. Fuel
fabrication is made by Framatone ANP at its Romans plant and in a plant in Belgium. MOX fuels are
fabricated by Cogema at Cadarache. All the spent fuel is sent to la Hague for cooling before undergoing
reprocessing. Also foreign fuel is reprocessed there. Recovered uranium and plutonium are reused in the
fuel fabrication plants. Wastes are stored before being transferred to Andra (Agencie nationale pour la
gestion des dechets radioactifs).

Low level wastes are transported to the Andra site at Soulaines (Aube). Intermediate and high level
wastes are stored at production sites.
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Figure 57: Material flow in the French nuclear fuel cycle (IAEA 2005).
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Nuclear fuel cycle in Germany

In Germany, nine nuclear power plants with an electric gross output of 12,696 MW are in operation,
seven of them are PWRs and 2 of them BWRs.
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Figure 58: Material flow in the German nuclear fuel cycle (IAEA 2005).

Neither mining nor milling is undertaken in Germany. Conversion activities are neither carried in
Germany. Enrichment is performed in the Ureco's Gronau uranium enrichment plant by centrifuge
separation. Fabrication of the fuel pellets is made by Framatone in its fabrication plant in Lingen. All
domestic reprocessing activities have ceased, and the utilities hire the reprocessing of spent fuel to UK
and France. Some of the spent is not reprocessed. The spent fuel not shipped abroad for reprocessing is
being stored at central storage facilities in Greifswald, Ahaus and Gorleben, or in site in the power plants.
High level waste from reprocessing is returned to Germany and stored in Gorleben. Uranium and
Plutonium recovered in foreign reprocessing plants are recycled as uranium fuel and MOx.

Uranium supply

As shown in Table 133, eight uranium-producing countries account for more than 90 % of global
uranium extraction.

According to WNA (www.world-nuclear.org), France uses some 12,400 tons of uranium oxide concentrate
(10,500 tons of U) per year for its electricity generation. Much of this comes from Areva in Canada
(4500 tU/yr) and Niger (3200 tU/yr) together with other imports, principally from Australia, Kazakhstan
and Russia, mostly under long-term contracts. The front end of the French fuel cycle is self-sufficient
and France has conversion, enrichment; uranium fuel fabrication and MOX fuel fabrication plants
operational (together with reprocessing and a waste management program).

In Germany, from 1946 to 1990, some 220,000 tons of uranium (260,000 t U308) was mined in the
former GDR, in Saxony and East Thuringia, notably at Wismut, with substantial environmental damage.
Much of this was used in Soviet weapons programs, and for fuel in Eastern Europe. In 1991, 1207 tU
was produced, in 1992: 232 tU and thereafter small amounts resulting from decommissioning and mine
closure activities. A small mine (Ellweiler), operated in West Germany 1960-89. All uranium is now
imported, from Canada, Australia, Russia and elsewhere, a total of 3800 t/yr U (information updated in
December 2012).

Some parts of the fuel cycle are also performed abroad such as conversion (Canada, France, USA, Russia
and UK) and reprocessing of the spent fuel (UK and France).

272


http://www.world-nuclear.org/

Table 133: Natural uranium production in 2011 (compared with 2010, in tons of U) (EURATOM; 2011)

Region/country Production 2011 | Production 2010 | Share in 2011(%) | Share in 2010 (%) | Change 2011/10 (%)
Kazakhstan 15451 17803 36 33 9
Canada 5145 9783 17 18 -7
Australia 5983 5900 11 11 1
Niger 4351 4198 8 8 4
Namibia 3258 4496 6 8 -28
Russia 2993 3562 [ 7 -6
Uzbekistan 2500 2400 5 4 4
USA 1537 1660 3 3 -7
Ukraine 830 850 2 2 5
China 885 827 2 2 7
Malawi 846 670 2 1 26
South Africa 582 583 1 1 0
Others 1073 931 2 2 15
Total 53494 53663 100 100 -03
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Electricity from hydropower

According to ETSAP (2010d), hydropower plants provide at least 50% of the total electricity supply in
more than 60 countries. They also provide other key services such as flood control, irrigation and potable
water reservoirs. Hydropower is an extremely flexible electricity generation technology. Hydro reservoirs
provide built-in energy storage that enables a quick response to electricity demand fluctuations across
the grid, the optimisation of the electricity production, and the compensation for losses of power from
other sources. Hydropower plants consist of two basic configurations based on dams with reservoirs, and
the run-of-the-river scheme (with no reservoir). The dam scheme can be subdivided into small dams with
night and day regulation, large dams with seasonal storage, and pumped storage reversible plants (for
pumping and generation) for energy storage and night and day regulation according to electricity
demand. Small-scale hydropower is normally designed to run in-river. This is an environmentally friendly
option, because it does not significantly interfere with river flow.

Small hydro is often used for distributed generation applications the same as diesel generators or other
small-scale power plants, and also to provide electricity to rural populations. A generic scheme of a
hydropower plant based on a dam and reservoir is shown in the figure. OECD countries produce currently
half of the global hydroelectricity. However, non-OECD share is likely to increase quickly as most of the
hydropower potential still to be developed is located in non-OECD countries.

Pumped storage plants consist of two or more natural or artificial (dams) reservoirs at different heights.
When the electricity generation exceeds the grid demand, the energy is stored by pumping water from
the lower to the higher reservoir. During the electricity peak-demand periods, water flows back to the
lower reservoir through the turbine, thus generating electricity. Pumped storage plants can be combined
with intermittent renewable electricity sources. They can also be the optimal complement of nuclear-
based electricity that are designed for base-load operation and offer limited capability to adapt to daily
and seasonal load fluctuations.
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Figure 59: Generic scheme of hydropower plants based on a dam (ETSAP, 2010d).

Hydropower generation plants do not produce significant CO, emissions other than those emitted during
their construction. Some reservoirs may emit methane from the decomposition of organic materials.
While this is a rare problem, it can be avoided by proper reservoir design.

Current hydropower plants can be categorised into three areas: Large hydropower (>10 MWe), Small
hydropower (< 10 MWe), and Mini-hydro (100 kWe to 1 MWe). Table 134 provides a summary of the
technology performance and other key data for hydropower plants.

According to EC-SETIS (Strategic Energy Technologies Information Systems, http://setis.ec.europa.eu), the
bulk of hydropower generation originates in large conventional, reservoir-based plants which may
provide seasonal or inter-season reserves. A second hydropower technology is run-of-the-river plant
where the water cannot be stored but part of it is deviated from the normal river flow to a canal which
feeds a low-head turbine. Whereas a reservoir plant can run on demand, e.g. to cover peak electricity
demand, run-of-the-river plants generate electricity almost continuously and thus they provide base-load
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electricity. Implementation of the EU Water Framework Directive (WFD) in Member States is expected to
cause a decrease in hydropower production. Interpretation of this Directive at national level will have
direct consequences on the approval of new hydropower projects and allocation of concessions and
permissions. This has consequently led to a reduction of new small hydropower installations.

Table 134: Key data and figures for hydropower technology (ETSAP, 2010d).

Technical Performance Typical current international values and ranges

Energy input Hydro power

Output Electricity

Technologies Very small hydro power Small hydro power Large hydro power
(VSHP, up to 1 MW.) (SHP,1 — 10 MW,) (LHP, =10 MW.)

Efficiency (turbine, Cp max),% Upto 92 Upto 92 Upto 92

Construction time, months 65— 10 1M0-18 18 - 96

Technical lifetime, yr Up to 100

Load (capacity) factor, % 40— 60 (50) 34 — 56 (45) 34 - 56 (45)

Mazx. (plant) availability, % 98 S8 98

Typical (capacity) size, MW, 0.5 5 50

Existing) capacity, GW. 45 678

Nevertheless, in the view of ESHA (European Small Hydropower Assaociation), the prediction is divergent,
as the next figure states.
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Figure 60: Number of SHP plants, their installed capacity and electricity generation between 2000 and
2020 in the EU (www.esha.be).

Despite being a mature technology, hydropower still has significant untapped potential particularly in the
development of new plants (very low head small hydro plants and pumped storage plants) and also in
the upgrading of old ones (increasing efficiency and electricity production and environmental
performance).

Europe has maintained a leading position in the field of hydropower manufacturing ever since the
technology started to develop 150 years ago. Current installed capacity in the EU-27 is about 102 GW
(excluding hydro-pumped storage and close to 90% of this potential is covered by large hydropower
plants. More than 21 000 small hydropower plants (LOOkW — 30MW) account for over 12 GW of installed
capacity in Europe. About 38 GW of pumped hydro-storage capacity is installed across the EU-27. The
transformation of existing facilities into storage schemes is an important potential base for pumped
hydro-storage development and there is also room for more innovative schemes e.g. using old mine pits
or using the sea as one of the reservoirs.

The total installed capacity of SHP plants in new Member States (820 MW) and candidate countries (600
MW) is well below the capacity in the former EU-15 (10 000 MW). Electricity generation by SHP plants in
the former old Member States (EU-15) is considerably higher (40 000 GWh/y) by comparison to the new
Member States (EU-12) (4 000 GWhly).
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The construction of a large-scale hydropower plant requires the right kind of watercourse, and these are
not present in equal measures throughout the world. The proportion of hydropower in the energy mix of
countries such as Sweden, France and Austria, which have large differences in altitude and suitable
watercourses, is therefore very high. Hydropower comprises over 98 per cent of total electricity
generation in Norway, Europe’s largest hydropower producer with annual generation of approximately
140 TWh. Countries such as Denmark, Germany and Poland, on the other hand, do not possess the
conditions conducive for hydro power and therefore rely heavily on other energy sources.

B Denmark 0% B MNetherlands 036 Sweden 463
France 129 Poland 2% LK 2%
Germany 4% Spain 8% Finland 22%

Source: IEA Statistics, Electricity Generation, 2010

Figure 61: Share of hydropower in electricity generation by country, 2008
(http://www.vattenfall.com/en/file/Hydro power-ENG.pdf 16469445.pdf).
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Figure 62: Electricity generated by hydropower in EURELECTRIC Europe per country in TWh, 2009
(www.endseurope.com/docs/110927a.pdf). EURELECTRIC Europe refers to EURELECTRIC’s European
members: AT, BE, BU, CY, CZ, DK, ET, FI, FR, DE, GR, HU, IR, IT, LT, LE, MT, PL, PO, RO, SK, SL, ES, SW, NL,
UK, CR, IC, NO, SW and TU.

Regarding the next figures, the share of hydropower in the total electricity generated from renewable
sources decreases significantly over the period 2005 — 2020 as can be seen from the data for the EU.

276


http://www.vattenfall.com/en/file/Hydro_power-ENG.pdf_16469445.pdf
http://www.endseurope.com/docs/110927a.pdf

While in 2005, hydropower (small & large) still accounted for over 70% of all electricity generated from
renewable sources in the EU27, its share will drop to somewhat over 30% by 2020 according to the
NREAPs. This indicates a stronger growth rate for electricity generation from other renewable sources
(wind, biomass, PV and geothermal) than the expected growth rate from hydro (Arcadis 2011).
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Figure 63: Contribution of small (< 10 MW) and large (>10 MW) hydropower to electricity generation
from renewable sources in the EU27 (Arcadis 2011).
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Figure 64: SHP contribution to RES-E mix (% of total electricity generation in GWh/year). (Other RES-
Eestimates according to the NREAPs) (www.esha.be).
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Electricity from wind power

According to EWEA (www.ewea.org), wind turbines can operate continuously, unattended and with low
maintenance with some 120,000 hours of active operation in a design life of 20 years.

The rotors of modern wind turbines generally consist of three blades, with their speed and power
controlled by either stall or pitch regulation. Stall regulation involves controlling the mechanical rotation
of the blades; pitch regulation (now more commonly used) involves changing the angle of the blades
themselves. Rotor blades are manufactured from composite materials using fiberglass and polyester or
fiberglass and epoxy, sometimes in combination with wood and carbon. Energy captured by the steadily
rotating blades is transferred to an electrical generator via a gearbox and drive train. Alternatively, the
generator can be coupled directly to the rotor in a “direct drive” arrangement. Turbines able to operate at
varying speeds are increasingly common, a characteristic which improves compatibility with the
electricity grid. The gearbox, generator and other control equipment are housed within a protective
nacelle. Tubular towers supporting the nacelle and rotor are usually made of steel, and taper from their
base to the top. The entire nacelle and rotor are designed to move round, or “yaw”, in order to face the
prevailing wind (see Figure 65).
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Figure 65: Parts of a wind turbine (www.workingwind.orqg).

Manufacture of commercial wind turbines started in earnest in the 1980s, with Danish technology
leading the way. From units of 20-60 kilowatts (kW) with rotor diameters of around 20 meters (m), wind
turbine generators have increased in capacity to 2 megawatts (MW) and above, with rotor diameters of
60-90 m. The largest machine being manufactured now has a capacity of 4,500 kW and a rotor
diameter of 112 m. Some prototype designs for offshore turbines have even larger generators and
rotors. Continual improvements are being made in the ability of wind turbines to capture as much energy
as possible from the wind. These include more powerful rotors, larger blades, improved power
electronics, better use of composite materials and taller towers. One result is that many fewer turbines
are required to achieve the same power output, saving land use. Depending on its sitting, a 1 MW turbine
can produce enough electricity for up to 650 households. Since the beginning of the 1980s, the power of
a wind turbine has increased by a factor of more than 200. Wind turbines are highly reliable, with
operating availabilities (the proportion of the time in which they are available to operate) of 98% (see
Figure 66).

Regarding the offshore technology, a growing market for offshore wind power is now the main driver for
the development of larger turbine sizes. This has raised new technical demands, with the logistics
involved in the manufacture, transport, erection and maintenance of offshore multi-megawatt turbines
presenting a severe challenge. Offshore wind turbines must be firmly positioned on the sea bed by using
one of several foundation designs - steel monopoles driven deep into the sub-soil, gravity-based
concrete caissons or tripod supports. Many kilometers of cables have to be laid both between individual
turbines in an array and then back to shore to feed the electricity output into the grid. Since turbine
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reliability is of paramount importance, effective maintenance requires the ready availability of service
vessels which can access the turbines in rough sea conditions.

@ = Rotor Diameter 5,000 kW
@ 124m
2,000 kW
@ 80m
600 kW
sookw 2 °20M
100 kW Y
50 kW & 20m
@ 15m
1980 1985 1990 1995 2000 2003

Figure 66: Growth in size of commercial wind turbine designs (www.ewea.org).

Initial designs for offshore turbines were essentially ‘marinised’ versions of land-based technology, with
extra protection against sea salt incursion. Machines now being designed include more substantial
changes, such as higher blade tip speeds and built-in handling equipment for maintenance work.

The European Wind Energy Association publishes annually the European statistics of wind power.
Germany and Spain are the countries with the largest installed wind power, followed by UK, Italy and
Frances, as shown in the Table 135 and Table 136.

During the last decade, the wind power installations have been doubled, as shown in the next figure.
Additionally, the capacity factor, which defines the actual annual energy output divided by the theoretical
maximum output, has increased both in the onshore and offshore turbines.

In the case of onshore, the current commercial turbines provide capacity factors around 24% and have
an average size of 2.2 MW. The changes are even higher for the offshore turbines, accounting for 41%
currently. The following figure shows the average offshore size.

Figure 67: Average offshore wind turbine rated capacity (www.ewea.org).
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The latest statistics published by the EWEA shows that the share of offshore technology in relation with
onshore has also increased during the last decade. Offshore wind’s share of total installations was 9% in
2011. Denmark was during years the country with the largest amo8unt of installed offshore wind
capacity in Europe. However, in 2012 the UK had more than 58% of all installations, followed by
Denmark (18.4%) and Belgium (7.66%).

Table 135: Wind power installed in Europe (MW) (www.ewea.org).

Installed End
2012 2012

EU Capacity (MW)

Austria 73 1084 206 1,378
Belgium 191 1,078 297 1,375
Bulgaria 28 16 168 684
Cyprus 52 134 13 147
Czech Republic 2 217 44 260
Denmark 211 3,956 217 4,162
Estonia 35 184 86 269
Finland 2 199 89 288
France 830 6,807 757 7564
Germany 2,100 29,071 2,415 31,308
Greece 6| 1,634 117 1,749
Hungary 34 329 0 329
Ireland 208 1,614 125 1,738
Italy 1,090, 6,878 1,273 8,144
Latvia 17 48 21 68
Lithuania®* 16 179 46 225
Luxembourg* 1 45 o} 45
Malta 0 0 ] 0
MNetherands 59| 2,272 119 2,301
Poland 436 1,616 880 2,497
Portugal 3441 | 4,379 145 4,525
Romania 520 Qg2 923 1,905
Slovakia 0 3 0 3
Slovenia (o] 0 4] 0
Spain 1,050 | 21,674 1,422 22,796
Sweden 754 2,899 846 3,745

United Kingdom 1,208 6,566 1,897 8445
Total EU-27 0,664 94,352 11,805 106,040
Total EU-15 8,524 90,145 9,714 99,652
Total EU-12 1,140 4,207 2,181 6,388

Table 136: Wind power installed in Candidate countries and EFTA (MW) (www.ewea.org).
[ |lInstalled 2011 | End 2011 | Installed 2012 | End 2012 |

Candidate Countries (MW)

Croatia 52 131 48 180
FYROM#** 0 [0] 0 0
Serbia 0 0 0 0
Turkey ATT 1,806 506 2,312
Total 529 1,937 554 2,492
EFTA (MW)

leeland 0 0 0 0]
Liechtenstein 0 0] 0 0
Norway 99 a7 166 703
Switzerland z] 46 4 50
Total 88 583 170 753
Other (MW)

Faroe Islands* 0 4 0 4
Ukraine 66 151 125 276
Russia* 0 15 0 15
Total 66 171 125 296
Total Europe 10,361 97,043 12,744 109,581
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Electricity from biomass

According to ETSAP (2010e), in Europe, the use of biomass is significant in regions with ample biomass
resources, e.g. the Nordic countries, Austria, and Switzerland. There are three main technologies to supply
electricity from biomass: Biomass-based power generation and CHP, Co-firing of biomass in coal-fired
power plants, and anaerobic digestion of wet biomass with CHP.

Biomass-fired power and CHP plants can be characterised by the boiler technology.

e Water-cooled vibrating grate (VG) boilers are an established technology for power generation
from wood residues. Based on natural circulation, these boilers are designed to burn low-
heating-value (LHV of about 13.8 MJ/kg) wood residues, with 30% humidity. The typical power
plant capacity is in the order of 10 MWe.

e Bubbling fluidised bed combustion (BFBC) boilers for solid biomass and other feedstock are also
a proven and commercial option, but continued improvements in CHP technology have made
available a new generation of plants that offer advanced steam parameters and high efficiency.
In the BFBC boilers, the ascending air speed is sufficiently high to maintain the bed in a state of
fluidisation, with a high degree of mixing, but it is low enough to make most of the solid
particles lifted out of the bed fall back. The result is a dense bed with uniform temperature and
burning char, and rather small over-temperatures. The dense part of the fluidised bed has a void
fraction that is near to minimum fluidisation requirement. Within the dense part of the bed, a
bubble phase exists, with a low content of solids. The bubbles formed from air in excess rise
through the dense phase. As in gas-liquid systems, the bubble flow in the fluidised bed induces
solids transport and mixing in the dense region. The upward velocity of air/combustion gases is
2 - 3 m/s, and bed heights are 0.5 to 1.5 m. Solid materials mostly stay in the wellstirred bed,
although small particles will leave the bubbling bed and be thrown up into the freeboard region.
Cyclones and other particulate removal equipment are used to collect them before the flue gas
is channeled to the heat recovery systems. Coarse bed material is also withdrawn from the
bottom of the bed to maintain high sulphur-capture capacity and to avoid ash contamination
which might cause bed agglomeration.

o (irculating fluidised bed combustion (CFBC) boilers offer a further option for biomass-fired CHP.
In CFBC, a distinction between the bed and the freeboard area is no longer applicable. A large
fraction of the particles rises up from the bed and is re-circulated by a cyclone. The circulating
bed material is used for temperature control in the boiler. The choice between BFBC and CFBC
depends inter alia on the fuel used. CBFC boilers are used in large CHP or power plants, with
capacity of hundreds of MWe, but they may also be competitive in smaller biomass-fired plants.
They also are the technology of choice for large biomass- or coal-fired CHP plants. The optimal
size of the biomass CHP plants appears to be around 20 MWe taking into account the optimal
size of the biomass sourcing area (< 50km) and the number of truck loads per day (< 50).
Plants with a capacity of 7 to 20 MWe are used for CHP (in Germany), whereas power plants
with a capacity of 50 to 65 MWe are used solely for power generation (UK).

Biomass co-firing in coal-fired power plants offers significant advantages: it is highly efficient,
approximately between 36% and 44%, depending on the efficiency of the coal-fired unit (39% - 46%);
coal-fired power plants have coal access facilities, which may also facilitate biomass supply; they also
have advanced flue gas cleaning equipment, which in some cases may obviate separate cleaning for
biomass. Today’s maximum efficiency of a pulverised coal-fired power (PC) plants is around 46%, with
potential for reaching 50% or more by 2020. Because of the smaller size, neither biomass power plants
nor biomass integrated gasification combined cycles (BIGCC) can attain efficiency as high as co-firing.
The BIGCC technology also requires significant RD&D before its full commercialisation (2020). However,
biomass co-firing in coal power plants requires significant boiler retrofitting, as well as specific
equipment and space for biomass logistics, and tailoring of flue gas cleaning equipment (i.e. electrostatic
precipitator, flue gas desulphurisation, and de-NOx, if applicable), especially if significant amounts of
biomass are co-fired. NOx emissions in coal/biomass co-firing depend significantly on the emission
reduction technology, e.g. separated over-fire air, or NOx selective catalytic reduction (SCR). Biomass co-
firing may reduce NOx emissions compared to coal as biomass has lower nitrogen content.

Anaerobic digestion for biogas production from wet biomass is a small-scale biomass CHP application.
The use of biogas is gaining importance in Germany, the Netherlands, the United Kingdom, and Italy.
Biogas may also be upgraded to be mixed with natural gas and used in natural gas grids or to power
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vehicles as compressed natural gas (CNG). Also, anaerobic digestion of wet manure and co-digestion of
wet manure along with agricultural residues may be economically viable for the generation of heat and
power using internal combustion gas engines.

The following table provides a summary of the technology performance and other key data for biomass
power plants.

Table 137: Key data and figures for biomass power technology (ETSAP, 2010e).

Technical Perfformance Typical current international values and ranges

Energy input Biomass

Output Electricity

Technologies Biomass CHF Anaerobic digestion CHF Co-firing in coal-
BF ADCHP fired power plant,

CBP (retrofit)

Electric efficiency, % 16— 34 28 — 32 (eff. gas engineg) 38 — 44

Total efficiency in case of CHF, % 40 -85 40 — B85 (eff. gas engine) Mot applicable

Construction time, months Minimum 18; Typical 24; Maximum 30

Technical lifetime, yr 25

Load (capacity) factor, % T8 -—81 75 —80 &80 — 20

Max. (plant) availability, % a3 g0 B0

Typical (capacity) size, MW 50 0.5 (0.3 -10) 100

Installed (existing) capacity, GWe 30 4 10

Average capacity aging Differs from country to couniry.

Regarding the GR criterion, when raw materials are imported, the origin of them has to be listed by each
source. In this case, the origin of biomass is domestic, so the geographical representativeness of each
dataset has to be related to German production.
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Electricity from solar power (photovoltaic)

TeR criterion must consider the current technology implemented in the European market, and therefore a
pre-analysis of the electricity from photovoltaic (PV) technologies in Europe has been performed.

According to ETSAP (2010f), current commercial PV technologies include wafer-based crystalline silicon
(c-Si) (either mono-crystalline or multi-crystalline silicon) and thin-films (TF) using amorphous Si (a-Si/c-
Si), cadmium-telluride (CdTe) and copper-indium-[gallium]-[di]lselenide-[dilsulphide (CI[G]S). The c-Si
systems accounted for 89% of the market in 2011, the rest being TF. Novel PV concepts such as
concentrating PV and organic PV are under development.

Following the data reported by the European Photovoltaic Technology Platform (www.eupvplatform.org),
the cell technology shares in 2008 were:

*  multi c-Si: 47.7%

* mono c-Si: 38.3%

= (CdTe: 6.4%

= a-Si/pc-Si: 5.1%

* ribbon-sheet c-Si: 1.5
= (S 1%

Wafer-based crystalline silicon technology

Silicon is used in the three forms of single-crystal (sc-Si), block crystals (multicrystalline silicon, mc-Si)
and ribbon-sheet grown c-Si. The sc-Si cells offer higher efficiency while mc-Si cells are less efficient
because of the disorder of their atomic structure, which affects the flow of electrons.

Thin-film (TF) technologies

The TF technology is based on the deposition of a thin (um) layer of active materials on large-area (m2-
sized or long foils) substrates of low-cost materials such as steel, glass or plastic. TF technologies use
small amounts of active materials and require low manufacturing energy and costs. Despite their lower
efficiency, they have short energy pay-back times (less than 1yr in Southern Europe), good stability and
lifetime comparable to c-Si modules. Plastic TF are usually frameless and flexible, and can easily adapt
to different surfaces. Standard TF modules have a typical 60-120 Wp capacity and a size between 0.6-
1.0 m? for CIGS and CdTe, and 1.4-5.7 m? for silicon-based TF. In comparison with c-Si modules, TF
modules have a significantly lower efficiency (4% to 12%). Three types of commercial TF modules are
described below.

= Amorphous silicon (a-5i) films consist typically of lum-thick amorphous silicon (good light
absorption, but low electron flow) deposited on very large substrates (5- 6 m?), with low
manufacturing costs but also low efficiency (4-8%). Efficiencies are currently in the range of
9.5-10%. Multi-junction silicon (a-Si/p-Si) films offer higher efficiency than a-Si films. The basic
material is combined with other active layers, e.g. microcrystalline silicon (puc- Si) and silicon-
germanium (uc-SiGe), to form a-Si/pc-Si tandem cells, micro-morph and hybrid cells, (even triple
junction cells) that absorb light in a wider range of frequency. An ‘a-Si film’ with an additional
3um layer of pc-Si absorbs more light in red and near-infrared spectrum, and may reach
efficiency up to 10%. Efficiencies are currently in the range of 12- 13% for a-Si/uc-Si tandem
cells and triple junction SiGe cells.

= Cadmium-telluride (CdTe) films are chemically stable and offer relatively high module
efficiencies (up to 119%). They are easily manufactured at low-cost via a variety of deposition
techniques. The efficiency depends significantly on deposition temperature, growth techniques
and the substrate material. The theoretical efficiency limit is around 25%.

=  Copper-indium-[gallium]-[dilselenide-/di]sulphide film (CI[G]S) has the highest efficiency among
TF technologies (20.1% lab efficiency; 13-14% for prototype modules, and 7-12% for
commercial modules). However, the manufacturing process is more complex and costly than the
other TF technologies.
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Emerging and novel PV-technologies

A number of emerging and novel PV technologies are under investigation, with a potential for higher
efficiency and lower cost than c-Si and thin films. They include concentrating PV (CPV), organic solar
cells, advanced inorganic thin-films and novel concepts that aim at either tailoring the active layer for
better matching the solar spectrum or modifying the solar spectrum to improve the energy capture.

The following table provides a summary of the technology performance and other key data for PV power
plants.

Table 138: Key data and figures for PV power technology (ETSAP, 2010f).

Tedhnical Performancs Typical current intemational values and ranges
Energy inputioutput Sunbght! Electricity
Cument PV Technologies Crystalline Si Thin Films | CPV
5C-5i me-Si a-Sifp-5i CdTe CHG)5
{u-SiGe]
Max. (record) cell efficiency, % | 22 (24.7) 18 (20.3) 10(13.2) 11.2 {18.5) 12.1(20.3) (=40
Max. module efficiency, % 18-20 15-16 A na na na
Commercial modules effic.. % 13-18 11-15 7-B 10-11 T-12 20-25
Land use, m kW 6-3 T-B 11-15 B-10 215 na
Lifetime, yr 25 (30) 25 na
Energy payback time, yr -2 1-1.5 na
Material wse, gV 5T na na
Wafer thickness, pm <130-200 na na
Market share, % ~B5 ~15 na
Typical size (capacity), kW Residential < 10 kWp; Commercial < 100 kWp; Industry 100Kwp -1MWp: Utlity > 1MWp
Total cumulative capacity, 1.4 GW (2001), 23 GW (2000), 40 GW (2010), 70 GW {2011) 100 GW [2012)
Annual installed capacity, 2.8 GW (2007), 5.0 GW (2008), T2 GW [2000); 15 GW (2010); 30 GW (2011, 2012)
Capacity factor, % From 8% to 18% (in most favourable locations), based on annual electncity producton
C02 emissions, gl0ekWh Ooeurring during manufachmrming only - between 12 and 25 gCO4kKWh
Avoided COy emissions ~ B0 gC 0oy kWh [based on electricity mix in developed countries);
v b A in nither aneag

The GR criterion must be related to the European market context. Nevertheless, in this case, only one
country has been selected for the analysis. Germany has been until 2011 the country with the highest
photovoltaic capacity connected in the European Union, 7411 MWp (REF BAROMETRO PV EUROBSERVER
2012) and therefore, the dataset related to the electricity production by PV in Germany will be analysed.
The geographical representativeness of the datasets will be related to the German context.
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Crude oil and natural gas based fuels
CRUDE OIL

The following pre-analysis is suitable for the refinery products to be assessed: Diesel, Gasoline, Heavy
Fuel Oil and Kerosene.

According to DG Energy, in May 2010 there were 104 refineries operating in the EU, located in 21
Member States with the exceptions of Cyprus, Estonia, Latvia, Luxembourg, Malta, and Slovenia. The EU's
crude refining capacity currently represents 778 millions of tons per year (or 15.5 millions of barrels per
day), equivalent to 18% of total global capacity. The EU is the second largest producer of petroleum
products in the world after the United States.

Figure 68: EU (blue) and EFTA (green) refining capacity by country in 2011 (CONCAWE, 2012).

According to BREF (2003), there are currently around hundred crude oil refineries spread around the EU
countries. Of these refineries, 10 are specialist refineries producing mainly lubricating oil basestocks or
bitumen. It is difficult to be precise about the actual numbers as there are several situations where, as a
result of amalgamations, what were separate refineries are now managed as one, sharing some
facilities, even though the component parts may be some kilometers apart. Germany and lItaly are the
countries with the most refineries in Europe. Luxembourg has none. Four on-shore natural gas plants
have been identified in Europe. Table Refineries are mainly placed close to the sea or to a big river, to
satisfy their need for large amounts of cooling water as well as to facilitate the sea transport of raw
materials and products. There are some places in Europe with a high concentration of refineries (e.g.
Rotterdam Netherlands (5); Antwerp Belgium (5) and Sicily Italy (4). As a result of over-capacity in the
European refinery sector, very few new oil refineries have been built in the last twenty-five years. In fact,
only nine percent of the existing refineries have been built in this period and only two percent in the last
ten years, 95 % built before 1981 and 44 % before 1961. Although most refineries will have had
upgrades and new units built since they were first commissioned, their overall structure, and in particular
items like the pattern of sewer systems, will have remained essentially unchanged (BREF, 2003).

285



W _Comby

2 L Bimcie

Sarmmry  Hembay Grestrck

Grescs  Thesmmcrid

[ EER-LET RV RN - RN N R EEE
§
!
£

remrd  WhasgEls
by Livorme:

BHERk &
T
L

a
4
-

T IHITE
E
b

U Kirgeiomy 15

% o

Figure 69: Geographical distribution of European refineries (BREF, 2003).

Regarding the technological characteristics of the European refineries, the following table shows the
number of processes currently operated in the mineral oil refineries in each country. As can be seen,
crude and vacuum distillations, catalytic hydrotreatment and catalytic reforming are the most common
processes, as they are found in the simplest of refineries. It may be surprising that the number of
catalytic hydrotreatment processes is higher than the number of refineries, but the reason is simply that
there is on average more than one catalytic hydrotreatment in each European refinery. The least
common processes in European refineries are coking and polymerisation/dimerisation.

Table 139: Share of refineries built during different time periods (BREF, 2003; CONCAWE, 2012).

Time period Number of Percentage of refineries | Cumulative
refineries built in built during the time percentage
the time period period (%0)
Before 1900 1 1 1
1900 - 1910 2 2 3
1911 - 1920 1 1 4
1921 - 1930 9 9 13
1931 - 1940 7 7 19
1941 - 1950 8 8 27
1951 - 1960 17 17 44
1961 - 1970 41 40 83
1971 - 1980 12 12 95
19381 - 1990 3 3 98
1991 - 2000 2 2 100
Total 103 =
* Refinery in Martinique not included within the table. Some refineries have
been demolished recently.
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Table 140: Number of type of processes by country (BREF, 2003).
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refineries

Vacum
distillation

Coking

Thermal
operations

Catalytic
cracking

Catalytic
reforming

Catalytic
hydrocraking

Catalytic
hydrorefining

Catalytic
hydrotreating

Austria

=

1

1

3

Belgium

e

2

[

Denmark

Finlard

n

France

oo | rafra

=i | o =] ol

Germany

n|
(=]

=

(Greecs

(]

(1= i)

| -

Ireland

sl | i in | v on] =

—fn

ftaby

o

[=]

I =)= k2l 5| o feo| enfra

]

Netherands

o

Nonway

Portugal

mfn

Spain

Sweden

e I B

Switzerand

o | ==l

UK

%]
Sfra| oS rara| ] 2y -m,,;,,;mmu-m%
n

=] eofra| <fra | =
=~

]

Elk

E.-_.j.mu-.:'.mmm-.j

-

B cafra| rafin| =] = | 4

IR EE EIE BE FE B E NS EES

all =

1
1
1
i
i
24

8
-

Country

Number of
refineries

Alkylation

Polymerisation
Dimerisation

Aromatics

Isomerization

Base Oil
production

Etherification

Hydrogen

Coke |Sulphur| Bitumen

Austria

=

i 1

Belghum

1

1 2

4

Dienrmark

Fmdand

France

Gemany

L)

Greece

=] =

rafrafral =

.
=fin|in| =

rafin| b | k3
'y

raf o || ] = | e

Ireland

B E R R

Italy

Metherlands

o|rafis
(3] %)

waen

Moy

Portugal

ta| k] en] 2

Spain

=

Pa

lh-c,:,——mﬂ—r..:-c;mu

Sweden

Switzerand

a | en|

UK,
=

=]

g

3

3

F

b B I [

2 2

|| ko=

4

El+

|
=]
&=

29

14

EL

25

30 39

12 66

en|
=

Regarding the different types of refineries, it is common to distinguish between several types of refinery
configuration according to complexity (see Annex in BREF, 2003). One classification of refineries is to
define five different types of configuration, as shown in the following table. According to this
classification, some 26 hydroskimmers (with or without thermal crackers) are still in operation in Europe.
The most common configuration in EU refineries is the catalytic cracker configuration.

Table 141: European refineries by configuration (BREF, 2003).

COUNTEY| No Baze oil and | Configuration 1 | Configuration 2 | Configuration 3 | Configuration 4 very

refineries| bimmen | hydroskimming + cateracker hvdrocracker | complex refinery with
refineries | isomerisation Unit | configuration configuration cateracking

Ansiria 1 1

Belzium 3 1 2 1 1

Denmark 2 2

Finland 2 1 1

France 15 4 10 1

Germany 17 3 2 8 3 1

Greece 4 2 1 1

Ireland 1 1

Ttaly 17 & 4 4 3

Netherlands 6 1 1 1 2 1

Norway 2 1 1

Portuzal 2 1 1

Spain 10 1 2 6 1

Sweden 3 2 2 1

Switzerland 2 1 1

UK 13 3 7 1 2

TOTAL 104 10 26 42 14 12

The following figures describe the most common configurations in European refineries.
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Figure 70: Refinery with cat-cracker configuration (BREF, 2003).
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Figure 71: Refinery with hydroskimming + isomerisation configuration (BREF, 2003).

In order to analyse the GR criterion, Europe has to import the majority of its refinery crude oil
requirements, although it benefits from North Sea and some onshore production. As North Sea
production reached its peak in the late 1990s the share of imports fell to 51%, but since 2000 this has
increased steadily, reaching 63% in 2005 (EC, 2008) (/t must be stated that the following historical data
represents the EU-27 countries plus Albania, Iceland, Norway, Switzerland, Turkey and countries of the
former Yugoslavia).
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Figure 72: Net European crude oil balance 1990-2005 (imports in yellow, domestic production in purple)
(Million barrels per day) (EC, 2008).

Owing to the proximity of most northern European refineries to the North Sea the greater share of
seaborne crude oil imports from outside Europe has been by refineries near the Mediterranean Sea.
Northern and Central European refineries also receive crude oil imports from Russia through the Druzhba
(Friendship) pipeline. The chief sources of imports have been the North African and Middle East OPEC
countries, but an important trend since 1999 has been the increasing share of crude oil imported from
Russia and CIS countries.
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Figure 73: Net European crude oil imports by origin 1990-2005 (Million barrels per day) (EC, 2008).
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Figure 74: European OPEC crude oil imports by country 1990-2005 (Million barrels per day) (EC, 2008)
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Figure 75: European Russia/CIS crude oil imports 1990-2005 (Million barrels per day) (EC, 2008)

Finally, the next figure shows a more disaggregated and updated data of crude oil imports in EU-27
(year 2008).

Crude Oil Mix - EU27 = Angola

W Denmark

6,1%

1,3%
m Algeria

m Egypt
™ United Kingdom

m Irag

W Iran

o Italy

m Kuwait

W Libya

31,7% Mexico

™ Nigeria

= Norway
Romania
Russia
SaudiArabia
Venezuela

3,5% Other

o,7%./

Figure 76: Crude oil mix in EU-27 by country of origin in 2008 (GaBi software; IEA 2010e).
NATURAL GAS

Natural gas is the most important heat supplier in Europe. Figure 77 shows the sources for gross heat
generation in EU-27 in 2010.

According to BREF (2003) data, gas in Europe has been typically found in the North Sea. Natural gas is
also obtained from a small number of on-shore oil fields, where it is co-produced with crude oil and
separated at local facilities before being treated, brought up to specification and exported. The off-shore
gas production consists of a number of central platforms with satellite platforms. The satellite platforms
deliver gas to the central platform, where gas is dried (removal of water). Also condensates are partially
removed, but these are re-injected again in the produced gas. Chemicals are added to the gas stream
either at the well-head or prior to transmission to prevent solid hydrate formation and to limit corrosion
in the underwater pipeline. Off-shore platforms are not included in the scope of this document.
Subsequently, the central platforms deliver through one main gas pipeline to the on-shore natural gas
plants for the final treatment.

The overall objective of natural gas processing is to remove the treatment chemicals and to remove any
contaminants from the well-head stream in order to produce a methane rich gas which satisfies
statutory and contractual specifications. The main contaminants to be removed fall into the following
categories:
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e Solids: sands, clay, sometimes scale like carbonates and sulphates (including naturally occurring
radioactive metals (e.g. lead or radium)), mercury.

e Liquids: water/brine, hydrocarbons, chemicals added at well-head.

e Gases: acid gases, carbon dioxide, hydrogen sulphide, nitrogen, mercury and other gases (e.q.

mercaptans).
Petroleum products
0,
7% Nuclear
0,2%
' Others
\ [ 5%
Gas
44%
Renewables Biofuels
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Geothermal
~ 0,1%
L Solar
0,005%

Figure 77: Gross heat generation by source in 2010 in EU-27 (Eurostat).
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Figure 78: General flow diagram of the NG industry (BREF, 2003).
Figure 78 shows a NG purification plant, which consists on a gas sweetening plant where acid gases as
CO04, H2S, S0, are separated. Natural gas is considered ‘sour’ when contains significantly greater amounts
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of hydrogen sulphide than those quoted for pipeline quality or when contains such amounts of SO, or
CO; to make it impractical to use without purification. The H,S must be removed (called "sweetening” the
gas) before the gas can be utilized. If H,S is present, the gas is usually sweetened by absorption of the
H.S in an amine solution. Amine processes are the most common process used in the United States and
Europe. Other methods, such as carbonate processes, solid bed absorbents, and physical absorption, are
employed in the other sweetening plants.

Table 142 shows the NG supplies (or inland consumption calculated), defined as: Indigenous Production +
Imports - Exports + Stock changes.

Table 142: NG supplies in EU Member Countries and EU-27, in 2010 (EUROGAS, 2011).

Indige-

TWh - GCV -m- Russla | Morway | Algeria LT e e o g:l'l':
AUSTRIA 10,2 61,9 15,1 0,0 0.0 2.8 7.8 -8 02,0
BELGIUM 0.0 5.1 6.7 0.0 64,2 74.6 22 -0.4 2152
BULGARIA 0.6 276 0.0 0.0 0.0 0.0 1.3 18 7.7
CZECH AEFUBLIC 15 S7.8 1.2 0.0 0.0 1.2 7.7 -a1 85,1
DENMARK B5.4 0.0 0.0 0.0 0.0 35,1 1.2 6.8 a4.7
ESTOMIA 0.0 6.6 0.0 0.0 0.0 0.0 0.0 0.0 6.6
FINLAND 0.0 a56 0.0 0.0 0.0 0.0 0.0 0.0 49,6
FAANCE 8.3 77.1 176.6 73.8 27.0 156.6 0.3 0.0 548,7
GERMANY 123.6 3512 312.1 0.0 0.0 13,5 6.5 138 933,0
GREECE 0.0 219 0.0 B.1 0.4 10,4 -0.1 0.3 a1
HUNGARY 30,3 70,7 0.0 0.0 0.0 27,5 1.8 0.0 1266
IRELAND 4.1 0.0 0.0 0.0 0.0 56.7 0.0 0.0 60,5
ITALY 87.8 2360 8.3 2957 74.8 147.6 5.5 0.0 877,89
LATVIA 0.0 18,8 0.0 0.0 0.0 0.0 0.0 0.0 18,8
LITHUANIA 0.0 6.6 0.0 0.0 0.0 4.7 0.1 0.0 52,0
LUXEMBOLUAG 0.0 5.7 8.0 0.0 1.8 1.8 0.0 0.0 155
NETHEALANDS B20.3 37.4 118.4 0.0 0.0 ~470,1 0.0 0.0 507,0
FOLAND a7.7 01,4 0.0 0.0 0.0 11.4 3.0 2.6 1661
PORTUGAL 0.0 0.0 0.0 26.6 0.0 24.0 0.2 1.2 51,6
ROMANLA 116.8 252 0.0 0.0 0.0 0.0 1.3 36 146,85
SLOVAKIA 11 66,0 0.0 0.0 0.0 5.8 1.3 -0.1 58,4
SLOVENIA 0.0 52 0.0 3.6 0.0 16 0.0 o 0.5
SPAIN 1.2 0.0 37.7 1720 65.5 173.3 26 3.0 an0 1
SWEDEN 0.0 0.0 0.0 0.0 0.0 16,8 0.0 0.0 16,8
UNITED KINGDOM G651 0.0 285.7 1.5 1600 a4, 15.3 03 | 10882
SWITZERLAND 0.0 83 8.9 0,0 0.0 20,4 0.0 0,0 36,5
TURKEY 7.3 187.0 0.0 a6 19.6 156.5 0.6 a6 3979

Figures are best estimates available af the fime of pubiication.
"Inciuding nat exports.
* () Injection [+ Witharawsa!

In 2010, indigenous gas production in the EU27 increased by 2% compared with 2009 to 2013 TWh,
mainly due to the increase of production in the Netherlands. The largest volume of gas supplied to the
EU27 comes from indigenous production, making up 35% of the total net supplies in 2010. The supplies
from the traditional EU partners have registered a slight decrease, with Russia at 22%, Norway at 19%,
and Algeria at 9%. Qatar has become the fourth EU supplier with a share of 7%, illustrating the growing
role of liquefied natural gas (LNG) in the EU gas supply.
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Figure 79: NG import countries of EU-27, in 2010 (EUROGAS, 2011).
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Figure 80: Net imports to EU-27 from non-EU countries by type of transport (EUROGAS, 2011).

In 2010 almost one quarter of the EU net imports was delivered by LNG. This represents a significant
increase compared with 2009 when LNG represented only 19% of the total net imports from non-EU
countries. LNG supplies in EU-27 grew by 24% compared with 2009 to reach 878 TWh. The increased
LNG receiving capacities in Europe and the available global supply at competitive prices have
significantly contributed to this growth. The share of Qatar in the EU LNG imports has almost doubled
over the period to reach 45%.

The EU LNG re-gasification capacity more than doubled in the last five years. The 18 LNG terminals in
the EU in 2010 provided a total nominal re-gasification capacity of 175 BCM per year of gas.
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Table 143: LNG supplies in EU Member Countries and EU-27, in 2010 (EUROGAS, 2011).

TWh - GCV

Qatar
45%

Nigeria
19%

Figure 81: Breakdown of EU-27 LNG supplies (EUROGAS, 2011).
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Biofuel RME

Regarding the share of the production of biofuels in Europe, biodiesel is the most extended, as the figure

shows.

Other liquid biofuels;

2777;21% N\

Figure 82: Production of biofuels in EU-27 in 2010 (ktoe) (Eurostat).

/_

Biogasoline; 2.021;

16%

/

The next table shows the types of feedstock for biodiesel production in EU-27.

Table 144: Types of feedstock for biodiesel production in EU-27 (AEBIOM, 2011).

Feedstock 2005
Rapeseed 84%
Sunflower 13%
Soybean 1%
FPalm 1%
Others 1%

2006
70%
A%
18%
3%
6%

2007
66%
A%
17%
7%

5%

Biodiesel; 8.142; 63%

64%
5%
16%
7%

8%

A general product system for production of biodiesel (e.g. from palm oil) is composed of three phases.
The first phase is the farming of palm oil. The next stage is production of oil, and the third phase is the

biodiesel production by means of transesterification.

Transesterification involves vegetable or animal fats and oils being reacted with alcohols. Biodiesel as it
is defined today is obtained by transesterifying the triglycerides with methanol. Methanol is the preferred
alcohol for obtaining biodiesel because it is the cheapest (and most available) alcohol. However, for the
reaction to occur in a reasonable time, a catalyst must be added to the mixture of the vegetable oil and
methanol. The transesterification reaction for biodiesel production is provided in a generic form in the

next figure (Van Gerpen et al. 2004).
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Figure 83: Basic biodiesel from palm oil production process (Queiroz et al. 2012).

(o]

I
CH,-O-C-R CH»-OH
| |
| O o |
| Catalyst |
CH-O-C-R + 3 R-OH — 3 R--O-C-R + CH-OH
| |
| o}
| |
CH;-O-C-R CH>-OH
Triacylglycerol Alcohol Alkyl ester Glycerol
{Vegetable oil) (Biodiesel)

Figure 84: Transesterification reaction of a vegetable oil (Van Gerpen et al. 2004).

Regarding the technology and equipment of a transesterification plant, it must be include reactors (both
batch and continuous types), pumps, centrifuges, and distillation columns. Although there will be
additional equipment in the plant such as settlers, storage tanks, etc.,, the four classes of equipment
discussed here represent the heart of the process (Van Gerpen et al. 2004).

According to the goal of this study, a representative biofuel and a representative country have been
selected: Biodiesel of Rapeseed Methyl Ester (RME) in Germany.

Next figure represent the main rapeseed producers in Europe and the annual quantities until 2011.
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Figure 85: Main EU-27 rapeseed producers (www.usda.gov).

The methodological report stated that, when raw materials are imported, the origin of them has to be
listed by each source. So, next figures show the situation of imports of rapeseed in European Member
States. In case of Germany, the domestic production is much higher than imports.

EU Rape or Colzaseeds imports by MS EU Rape or Colza seeds imports by MS
Campaign 2011-12: 3.8 mio t Average for period 2006-2010: 1.8 mio t

A

Source: Eurostat

Figure 86: EU Member States importing rapeseed (Eurostat; www.ec-europa.eu).
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Figure 87: EU rapeseed import origins (Eurostat; www.ec-europa.eu).
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Figure 88: EU rapeseed importing and origins (2006-2010) (Eurostat; www.ec-europa.eu)
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Figure 89: EU rapeseed importing and origins (2011-2012) (Eurostat; www.ec-europa.eu)
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Annex 2. Stakeholder’s panel review

A stakeholder’'s panel review was arranged in order to check and review the quality of the
methodological report and the final findings and recommendations of study itself. This stakeholder panel
was planned to be made up of members of analysed databases and members of the
utilities/petrol/electricity industry associations.

The invitation to participate in the panel was sent to the following experts:
= Uwe Albrecht, Managing Director Ludwig-Bélkow-Systemtechnik GmbH (LBST).
=  Gregor Wernet, Ecoinvent Executive Manager.
= Chrsitian Bauer, Ecoinvent Center
=  Bo Weidema, Ecoinvent Chief Scientist.
= Uwe Fritsche, GEMIS project manager.
=  Rolf Frischknecht, Managing Partner of ESU-services.

= Gian Carlo Tosato, International Energy Agency (IEA) and Energy Technology Systems Analysis
programme (ETSAP).

=  Margarita de Gregorio, Asociacion de Productores de Energias Renovables (APPA).
=  Maria Romera Martinez, Asociacion Espafiola de la Industria Eléctrica (UNESA).
= Martin Baitz, PE International.
The methodological report was reviewed by:
=  Uwe Albrecht, LBST.
= Martin Baitz, PE International.
=  Michael Faltenbacher, PE International.
= Thilo Kupfer, PE International.
= Alexander Stoffregen, PE International.
Finally, the summary with findings and recommendations was reviewed by:
= Qliver Schuller, PE International.
=  Michael Faltenbacher, PE International.
= Thilo Kupfer, PE International.

= Alexander Stoffregen, PE International.

299






European Commission
EUR 26431 - Joint Research Centre — Institute for Environment and Sustainability

Background analysis of energy data to be considered for the European Reference Life Cycle Database (ELCD)
Authors: Simone Fazio, Fabrice Mathieux, Marco Recchioni, Daniel Garrain, Cristina de la Rua, Yolanda Lechon.
Luxembourg: Publications Office of the European Union

2013 - 299 pp. - 21.0x 29.7 cm

EUR - Scientific and Technical Research series

ISBN 978-92-79-35071-9
ISSN 1831-9424
doi: 10.2788/5377



As the Commission’s in-house science service, the Joint Research Centre’s mission is to
provide EU policies with independent, evidence-based scientific and technical support
throughout the whole policy cycle.

Working in close cooperation with policy Directorates-General, the JRC addresses key societal
challenges while stimulating innovation through developing new standards, methods and tools,
and sharing and transferring its know-how to the Member States and international community.

Key policy areas include: environment and climate change; energy and transport; agriculture
and food security; health and consumer protection; information society and digital agenda;
safety and security including nuclear; all supported through a cross-cutting and multi-
disciplinary approach.

Publications Office



