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1 Background
1.1

Project description

The COMBI project aims at quantifying the multiple non-energy benefits of energy efficiency. It is
coordinated by the Wuppertal Institute for Climate, Environment and Energy and implemented
together with the research partners University of Antwerp, University of Manchester, Copenhagen
Economics and ABUD/Advanced Buildings and Urban Design. The multiple benefits of energy
efficiency are gaining relevance in the research and the current policy discourse, but scientific
evidence is yet scarce and scattered. Therefore, this projects will gather existing approaches and
evidence from the EU area, develop modelling approaches and come up with consolidated data on
different benefits such as emissions (effects on health, ecosystems, crops, built environment),
resources (biotic/abiotic, energy/non-energy), social welfare (disposable income, comfort, health),
macro economy (labour market, public finance, GDP), and the energy system (grid, supply-side,
energy security). All project outcomes will be available at an open-source online database and be
analysable via a graphic online-visualisation tool for personalising the findings as to their
geographic location and selected benefits. To this end, the development of an aggregation
methodology is of central importance to avoid double counting and presenting the various
benefits on their various dimensions. Finally, insights for policy relevance will be derived and policy
recommendations will be elaborated to facilitate the communication of the non-energy benefits in
the relevant policy areas. In addition, the project is in touch with on-going processes of how to
include multiple energy efficiency benefits into policy evaluation.
1.2

Aim of this report

Based on the literature reviews conducted for individual multiple impacts (MI), the second main
step of the COMBI project is to develop a methodology to quantify and monetise MIs. Monetisation of single (sub-) MI is conducted where possible. For the set of defined EEI actions (see D2.2
report), energy saving potentials in the year 2030 are being developed reflecting official EU
scenarios. The general COMBI approach follows the additionally principle: Only additional effects
(both energy and non-energy impacts) relative to an action baseline are considered.
The report at hand deals with the quantification and monetisation of impacts from resource
extraction, induced by changes in the consumption of final energy, the production of energy
efficiency technologies and shifts in transport. Because data by the LEAP/PRIMES model for EEI
actions is not available at the moment, some quantification issues could not be solved by March
2016.
1.3

Paper outline

The report is divided into 5 sections: Scope, interactions, models, quantification approach and data
needs. Chapter 2 discusses impact indicators and endpoints, system boundaries, the relevance of
actions for impact quantification, evaluation perspectives, distributional aspects and context
dependency as well as overlaps with other impacts. Chapter 3 discusses potential interactions
with other impacts and additional pathways. Chapter 4 describes the quantification models for
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use and production phase as well as options for monetisation, and Chapter 5 the quantification
approaches and impact equations. Chapter 6 discusses data needs and key assumptions.

2 Discussion and Scope of investigation
2.1

Impacts, end-points and metrics/indicators

Resource use is associated with environmental impacts from mining, land use, land conversion
and loss of biodiversity as well as emissions from the combustion of renewable and nonrenewable fuels. There is also evidence that certain raw materials will be depleted in a foreseeable future or could become critical due to the supply risks and economic importance for the
European Union (see Teubler, Bienge, & Wiesen, 2015 for a literature review of resource impacts).
The following sections will discuss possible resource impacts, indicators and metrics for COMBI.
2.1.1

Resource impacts

The extraction of natural material resources and the use of raw materials is not an end in itself,
but the outcome of economic activities. However, its environmental impacts are related to the
amount and type of used and unused raw materials as well as the methods for extraction and
conversion. Reducing the overall amount of natural resource use or the lifecycle-wide demand for
raw materials also reduces the corresponding impacts. The economic impacts on the other hand
can be related to the direct raw material costs, but also to the costs for mitigating the effects on
the environment.
In COMBI, resource benefits are limited to raw materials from nature (Teubler et al., 2015, p. 8).
Other possible natural resources like water, air, land use and biodiversity are excluded from the
analysis. This convention is in accordance with the original outline of the project because some of
the related environmental, economic and societal impacts are already included in other impacts of
COMBI. The term "natural resources" in the following sections refers to raw materials from nature
and therefore includes raw materials for energy conversion1.
A resource impact as defined in this document can either be a change in the amount of required
raw materials or in raw material costs. Positive benefits occur whenever raw materials are saved
or direct and external costs are reduced after implementing an energy efficiency action. Because
some measures result in the implementation of alternative technologies (with different raw
material demands for production) we further differentiate between resource impact of production
(production of technologies for actions)and resource impacts of use phase (end-use of energy
during use).
The quantification of resource impacts relies on the implementation of an energy efficiency action,
which requires a specific amount of raw materials in the production and use phase of related
technologies. Compared to a base case a certain amount of raw materials is saved or required
additionally, which is associated with direct or external costs.

1

The term energy resources is not used in this report, because it is misleading in the context of natural resources. Conversion of raw

material into energy is a potential function of raw materials, not a raw material characteristic.
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Impacts from raw materials for energy conversion

Raw materials for energy conversion are a part of the overall resource use impacts in COMBI. By
reducing final energy demand through energy efficiency actions, fewer raw materials for energy
conversion are required during the use phase of these actions. One could argue that these savings
are already included in the main impact of energy efficiency, resulting in overlaps of impacts.
However, the conversion of primary energy bound in raw materials into final energy, depends on a
number of additional factors such as distribution and type of power plants, length of transmission
and storage losses. These factors are country specific, but impact only the amount of raw
materials necessary for energy supply and not the savings in energy consumption. Overlaps
therefore only occur for primary energy savings, if they are either monetised and aggregated with
monetised resource impacts or considered to be a main impact of EE actions (in opposition to final
energy savings).
2.1.3

Midpoints for resource impacts

Midpoints in Life Cycle Assessment (LCA) methods are considered to be links in the cause-effect
chain of a particular environmental mechanism. They stem from the classification of "damaging"
material flows (e.g. defining and grouping green house gases) and their characterisation (e.g.
multiplying classified flows with CO2 equivalence factors). As they reflect the potential for damage
to the environment but not the damage itself, they are not always easy to interpret. However,
they require fewer assumptions than endpoint categories and are usually a direct result of the
modelling data.
In COMBI, however, we use another definition for the term: We associate midpoints for resource
impacts with the overall amount of raw materials extracted from nature. At this stage, any
reduction in the amount potentially also reduces the environmental impacts further down the
cause-effect-chain. While the damage itself cannot be quantified without consideration of
additional factors, the indicator results are comparable on the level of technologies, actions and
regions.
For classification, natural resources in COMBI are divided into (Teubler et al. 2015, p. 8)
•

abiotic (ores, minerals and fossil fuels) and biotic (biotic material use, food/feedstuff and
biofuels) raw materials and

•

raw materials from used (economically used material) and unused extraction (overburden,
by-catch).

By adding raw materials from used extraction to raw materials from unused extraction, we speak
of natural resources, divided into the abiotic and biotic type. Energy carriers are a sub-category of
raw materials from used extraction and are referred to by their function: raw materials for energy
conversion2.

2

For example, hard coal for combustion is an abiotic raw material for energy conversion from used extraction, while overburden for its

mining is considered to be abiotic raw material from unused extraction.
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The metric is "tons of resources" or "tons of raw materials" and refers to the difference between
the amount of extracted resources before (base-case) and after implementing an energy
efficiency action.
The sum of savings from used and unused extraction of abiotic and biotic material from nature is
the endpoint in the resource methodology. It is called "Material Footprint" (MF). It can become
necessary in the course of the project, to disaggregate the Material Footprint or its Sub-Impacts
into different types of raw materials from nature such as metal ores and minerals.
2.1.4

Endpoints for resource impacts

Endpoints in LCA methods refer to the endpoint in an environmental mechanism and assess the
environmental damage by lifecycle wide material flows to a particular system. The aim of endpoint
modelling is to facilitate decision-making regarding LCA results. End-points often consist of a
weighted set of mid-point categories, whereas single midpoint indicators are normalised and
summed up to one category such as damage to human health. Because of the additional
assumptions and the normative weighting procedure, they often lack the certainty of midpoint
quantification, but are easier to interpret.
Most endpoint indicators are damage-based, meaning that they focus on the potential damage to
the environment or society (such as damage to human health). However, there are others such as
Carbon Costs that rather put an emphasis on interventions by assigning costs to measures for
preventing or mitigating environmental effects. In COMBI, the damage from raw material
extractions for EE actions cannot be merged into one single damage-based endpoint indicator, as
there is no indicator capable to address all related environmental issues. Instead, we focus on
impacts at endpoint in terms of natural resource savings and savings of global greenhouse gases.
A positive resource benefit will occur, if the overall use of natural resources is reduced by an
energy efficiency action, resulting in lower GHG emissions and lower prevention costs.
2.1.5

Links from resource impacts to other endpoints in COMBI

There are a number of possible endpoints in the overall COMBI methodology, resource indicators
can point to. We suggest to quantify the "Material Footprint" for the endpoint "natural resource
use and preservation" and the "Carbon Footprint" for the endpoint "global warming potential".
Raw material savings can also point to "public budget" for imported raw materials, "corporate
productivity" and "energy security". A lower global warming potential also points partially to
"ecosystems" in the European Union or worldwide.
2.1.6

Overview of mid- and endpoint impacts

Table 1 lists the impacts for endpoint and midpoint quantification. Sub-impacts are based on the
classification of raw materials in the production and use phase of energy efficiency actions. They
are compared to a base-case in order to quantify raw material savings. While there are only single
midpoint and endpoint indicators, the same sub-impacts can be the basis for different mid and
endpoints. The endpoint "Material Footprint" includes all midpoints, but also raw materials from
unused extraction. The midpoint "raw materials for energy conversion" is fully covered by the
other midpoints, but allows for a further differentiation of resource effects in relation to the
7
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functionality of raw materials (e.g. for comparing savings of energy carriers during use phase and
additional required raw materials for implementing an energy efficiency measure).
The endpoint "Carbon Footprint" is a stand-alone impact, which cannot be summed up with any
other impact (including non resource impacts), because it relates to all induced global warming
emissions and not only the emissions during the use phase of actions in the European Union.
Table 1: Impact categories, indicators and sub-impacts of resource impacts
Impacts

Indicator

Sub-impacts

Midpoint 1:

Savings of raw materials (use phase) for

Savings of raw materials for energy

Midpoint 2:

Savings of overall abiotic raw materials

Savings of abiotic raw materials from use

Abiotic raw materials

including materials for energy conversion

phase (used extraction)

Raw materials for energy conversion

energy conversion

conversion into final energy consumption

Savings of abiotic raw materials from
production phase (used extraction)
Midpoint 3:

Savings of overall biotic raw materials

Savings of biotic raw materials from use

Biotic raw materials

including materials for energy conversion

phase (used extraction)
Savings of biotic raw materials from
production phase (used extraction)

Endpoint 1: Material Footprint

Material Footprint Savings: Savings of
natural resources (use and production

phase) from unused and used extraction

Savings of raw materials from use phase
(unused extraction)

Savings of raw materials from use phase
(used extraction)
Savings of raw materials from production
phase (unused extraction)
Savings of raw materials from production
phase (used extraction)

Endpoint 2: Carbon Footprint (stand-alone)

Carbon Footprint Savings: Savings of

globally induced greenhouse gas emissions

Savings in Global Warming Potential from
production phase

Savings in Global Warming Potential from
use phase

2.2

Definition of system boundaries

The system boundaries of resource benefits in COMBI refer to the amount of material resources
from nature depending on the implementation of energy efficiency actions. Adopting a life-cycle
perspective for resource impacts, it is crucial to determine what material flows have to be
considered in regard to the regional aspects and timeline of the project.
The following sections discuss the system boundaries in regard to the life cycle perspective,
potential spatial spillovers and cut-offs. Final system boundaries are drawn in section 2.2.3.
2.2.1

Life-cycle phases of resource impacts

Life-cycle wide assessments account for all material flows from cradle to grave. Phases of the life
cycle can be set between production, use and decomposition. In COMBI, the main effects of
energy efficiency actions take place during the use phase, because it is the time period in which
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energy is either directly saved or replaced by other forms of energy. The provision of this energy
depends on raw materials (such as fuel for transports or hard coal for electricity production) but
also on the related technologies like power plants.
Resource impacts during the use phase of EE actions therefore account for the energy carriers
themselves3, the associated used and unused extraction of additional raw materials for their
provision and conversion as well as the raw materials required for the life-cycle of energy
production and conversion facilities. Thus and in regard to a certain or regional mix of energy
production technologies, any savings in the demand of energy also induces savings in otherwise
required additional natural resources.
The production phase on the other hand relates to the action implementation and production of
respective technologies. While in some cases this means an improvement of an already existing
technology (improvement), other actions require new technologies (substitution) or lead to
different shares of technologies in the future (shift). The installation and production of new
technologies can involve relevant amounts of additional raw materials, compensating a part or
more of the resource benefits during use phase. It is also possible that the production phase
reduces the overall demand of raw materials compared to the base-case technology even further.
However, EEI actions and the respective technology production process require significantly
different resource inputs. Accounting for all possible technologies and technology improvements
would drastically increase the data requirements und is therefore considered to be not feasible in
the context of COMBI. Instead, the production phase is only included in the quantification when at
least two of the following selection criteria are met:
[1] The EE action involves technology improvements which require profound changes in the
material inventory regarding mass, size or resource intensive materials.
[2] The EE action requires a technology switch requiring profound changes in the material
inventory regarding mass, size or resource intensive materials.
[3] The resource endpoints (Material Footprint or Climate Warming Potential) of base-case
technologies in the production phase account for more than 20 % of the overall impacts
during production and use phase related to an appropriate service-unit (e.g. p*km for cars
or kWh/m2 for residential buildings).
Criteria [1] and [2] are based on expert assessment of the data and information on EEI action
provided by Work Package 2 of COMBI. Because some actions require the same mix of
technologies, EEI actions for different sectors can be grouped together in some cases. Base-case
technologies are selected by current market shares (either investments, revenue or physical
market share) and EEI action technologies on the basis of LEAP/PRIMES. Criteria [3] is based on
previous LCA studies or life-cycle modelling of generic technology processes in databases such as
the European Life Cycle database or ecoinvent databases (Ecoinvent, 2010, 2014) for Europe,
Global or rest of Europe (RER). Identification of prominent technologies and testing of these
criteria will be part of section 4 in the final version of this paper.

3

Depending on the indicators from the project partners, energy carries may not be included within the endpoint category to avoid

double counting.
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In accordance with the literature review, the phase for decomposition (including end-of-life
deliberations) of technologies for base-case and EEI action technologies is not considered in
COMBI (see Teubler et al. 2015, p. 28). A LCA quantification of end-of-life options would be subject
to various assumptions by the researchers, all of which would highly influence the results,
especially for the disaggregation of results on the level of member states. It would require an indepth analysis of treatment technologies, treatment markets and regulatory requirements as well
as reiliable forecasts of prices for primary and secondary materials. Because this kind of data is
not included in the LEAD/PRIMES model, resource impacts for production phase will be restricted
to cradle-to-gate system boundaries.
2.2.2

Other regional system boundaries: spill-over

Regional spillovers in an impact assessment occur when impacts affect regions outside the
analysed system. For resource impacts in COMBI, this is the case for all raw materials which are
either imported into the European Union or further processed into wrought and high quality
materials. Material flows between countries are highly interlaced (e.g. re-import of wrought
materials after export of raw materials), while the environmental impacts by material extraction
usually affect the exporting country. Thus, it is not possible to distinct from resource impacts
between Europe and the rest of the World as well as between European countries. This is also
true for direct raw material costs, but to a lesser extent.
Keeping that dilemma of resource accounting in mind, the regional system boundary for resource
impacts in COMBI is characteristic for the causes of the impacts within the EU (implementing EE
actions in European countries), not their effects within the EU.
2.2.3

Visualising the resource impact system boundaries

Figure 1 visualises the system boundaries for resource impacts in COMBI. The outer rectangle
symbolizes the regional borders of the EU. Material resources from nature are either extracted
within or outside of the EU. Impacts occur to some extent outside of these borders as well. For
use phase (green circles) of EE actions, and in some cases for production phase (blue circles), the
raw material flows and costs of EE action technologies are compared to base-case technologies.
Within the European Union, quantification for single indicators can differ for countries and regions
as well as for the amount of raw materials from economic used and unused extraction. Temporal
distinctions exist before and after the implementation of an action, but can be extended towards
the future based on assumptions for technology trends and intensities of raw material
extractions.
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Figure 1: System boundaries of resource impacts in COMBI
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2.3

EEI actions relevant for Resource impacts

All actions are relevant for resource impacts and will be quantified at least in terms of savings
during the use phase. The consideration of production phase impacts will be based on the
selection of relevant technologies according to the selection criteria stated in section 2.2.1 and as
displayed in chapter 4.
2.4

Evaluation perspectives

Resource impacts relate to the societal perspective and can be aggregated with other impacts in
most cases if monetised. There are also potential links to end-user/investor and public budget,
but these links are partially or fully covered by other impacts in COMBI. Since the quantified global
warming potential impact is also related to upstream material flows in non-European countries, it
cannot be integrated in any perspective. It is a stand-alone indicator, which can become relevant
for decision makers when reflecting on energy efficiency actions. It has to be discussed in the
further project if it should be part of an aggregated monetised impact.
For the societal perspective (see also Table 2) all midpoints (or the aggregated endpoint "Material
Footprint" respectively) can be integrated and added up. Potential overlaps where identified with
the ratio of raw material inputs savings in corporate productivity (partial overlap) as well as
savings of primary energy (full overlap). Raw material input ratios do not interact directly with the
quantified amount of materials from used extraction during production phase, because no direct
material costs are quantified. For primary energy savings, no interactions takes places, If primary
energy savings are not monetised or considered to be the major impact of energy efficiency in
COMBI. If that is the case, raw materials for energy conversion have to be substracted from all
impacts using average data on energy content and the conversion factors in LEAP/PRIMES.
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Table 2: Integration of resource impacts into the societal perspective and potential interactions with non-resource impacts
Impacts of natural resource
use and preservation

unit

Can the impact be
aggregated in the

If yes, can overlaps be
identified ?

societal perspective ?
Midpoint 1: Raw materials
for energy conversion

tons of

material

yes

If overlaps are identified, should
the impact be added up instead
of interacting impacts ?

yes

yes

energy demand

are the main impact of energy

overlaps fully with primary

unless primary energy savings
efficiency in COMBI

Midpoint 2: Abiotic raw

tons of

materials

material

yes

yes

yes

overlaps with raw material

productivity gains are measured

input savings for corporate

by ratios not by amounts and

productivity

direct material costs are not
quantified

Midpoint 3: Biotic raw
materials

tons of

material

yes

Endpoint 1: Material

tons of

Footprint

natural

yes

Endpoint 2: Carbon

tons of CO2 no

Footprint

equivalents

yes

yes

input savings for corporate

by ratios not by amounts and

productivity

direct material costs are not

no

-

-

-

overlaps with raw material

productivity gains are measured

quantified

resources

Source: own compilation based on Manchester Meeting in March 2016

For the end-user / investor perspective (see also Table 3), only abiotic and biotic raw material
savings could be integrated. There are potential overlaps with the investment costs, which are a
direct action-related indicator for cost savings (covering for direct material costs of production
phase) and with material input savings (corporate productivity). It is therefore not recommended
to integrate resource impacts in this perspective.
Table 3: Integration of resource impacts into the end-user / investor perspective and potential interactions with non resource
impacts
Impacts of natural resource

unit

use and preservation

Can the impact be

If yes, can overlaps be

If overlaps are identified, should

added up in the end-

identified ?

the impact be added up instead

user / investor

of interacting impacts ?

perspective ?
Midpoint 1: Raw materials

tons of

for energy conversion

material

Midpoint 2: Abiotic raw

tons of

materials

material

no

-

-

yes

yes

no

overlaps partially (production
phase) with investment costs
and material input savings

Midpoint 3: Biotic raw
materials

tons of

material

yes

yes

overlaps partially (production

no

phase) with investment costs
and material input savings
Endpoint 1: Material

tons of

Footprint

natural

no

-

-

resources
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Endpoint 2: Carbon

tons of CO2 no

Footprint

equivalents

-

-

Source: own compilation based on Manchester Meeting in March 2016

For the public budget perspective, only raw materials for energy conversion could become
relevant for integration. These materials potentially interact with impacts in the macro economy,
because energy resource imports could be taxed or otherwise subsidised. This issue is currently
under review.
Table 4: Integration of resource impacts into the public budget perspective and potential interactions with non-resource impacts
Impacts of natural resource

unit

use and preservation

Can the impact be

If yes, can overlaps be

If overlaps are identified, should

added up in the public

identified ?

the impact be added up instead

yes

yes

currently under review

budget perspective ?

Midpoint 1: Raw materials

tons of

for energy conversion

material

Midpoint 2: Abiotic raw

tons of

materials

material

Midpoint 3: Biotic raw

tons of

materials

material

Endpoint 1: Material

tons of

Footprint

natural

of interacting impacts ?

overlaps partially with

potential taxes for imports
no

-

-

no

-

-

no

-

-

Endpoint 2: Carbon

tons of CO2 no

-

-

Footprint

equivalents

resources

Source: own compilation based on Manchester Meeting in March 2016

2.5

Distributional aspects

Only direct material cost savings are restricted to certain groups directly investing in the
production phase of action-related technologies (e.g. home owners for energetic refurbishment in
the private sector). As they are not quantified for COMBI, due to the inclusion of investment costs,
no distributional aspects have to considered for resource impacts.
2.6

Context dependency

Only direct material costs are dependent on the context, because they would be based on global
market prices for selected critical raw materials. They would not capture any additional costs that
might be required due to the type and size of investments. In addition, costs for raw materials also
depend on the source, differ between producers and can be volatile throughout the year. As direct
material costs are not quantified for COMBI, context dependency is not relevant for resource
impacts.
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Overlaps of resource impacts with energy resources

Energy resources are covered by Work Package 7 "Energy security" in form of energy flows.
Because quantified raw materials for energy conversion precede the quantified energy flows in
"Energy security", there is no overlap.

3 MI interactions and side effects
3.1

Impact pathways for resource impacts

The following chapter describes the pathways for the calculation of the midpoint and endpointindicators as well as potential interactions with the endpoints and midpoints of other impacts. The
latter depends on the system boundaries of other multiple benefits, their metrics and indicators.
The WP 4 impact calculation results in three midpoint and two endpoint indicators (see Table 1).
Aggregation of resource impacts with other impacts is only possible after monetisation.
Basis for all quantifications are the material and energy flows of actions related to a base case.
These flows are differentiated according to the impact method (such as the classification of flows
for global warming potential according to Guinée, 2001). The midpoints are based on the
differentiated flows and their characterisation and refer only to raw materials from used
extraction. The endpoint indicators are based on the midpoint indicators, but require additional
methods for characterisation: the GWP 100a factors of greenhouse gases for Carbon Footprint
and the unused extraction factors of abiotic and biotic resource extraction for Material Footprint.
All midpoint indicators and the Material Footprint point to "natural resource use and preservation". The Global Carbon Footprint can be considered to be an endpoint by itself, because it
includes GHG emissions outside of the European Union4.
Figure 2: Pathway to resource impacts and other impacts
Resource Endpoint

Endpoint indicators

Midpoint indicators

Raw Materials for
Energy Conversion
(RMEC)

Natural resource
use and
preservation

tons
Material Footprint
(MF)

tons

tons

tons CO2
equivalents

Carbon Footprint
(CF)

Non-resource Endpoints

Energy security

Abiotic Raw Materials
(ARM)

Corporate
Productivity
Biotic Raw Materials
(BRM)

Air Emissions
tons CO2 equivalents

€

Mitigation Costs

4

Mitigation Costs

GHG emissions from direct energy savings will be also part of the endpoint "air emissions" in WP 3, which only affect the use phase of

action within the European Union.
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Rebound effects and Life cycle effects

Reduced energy consumption also reduces raw material extraction. Rebound effects between
final energy consumption on the one hand and raw materials for energy supply on the other hand,
are consistent with rebounds between energy consumption and energy efficiency. There is no
additional rebound as long as infrastructures for energy supply are not affected.
However, technologies for the implementation of actions can differ in terms of raw material
requirements and compared to a base-case. New technologies in particular could increase the
overall amount of required resources, resulting in savings during use with additional raw material
requirements in the production phase. This effect can take place in form of a net effect (e.g. no
overall savings in natural resource use due to high material requirements during production) or in
form of a shift between raw materials for energy conversion and raw materials for other purposes
(e.g. higher demand of ores for metals in production phase compared to lower demand of fossil
fuels in use phase).
The use of the term "rebound" for these two effects can be misleading, as the production of the
technologies for energy efficiency actions is not an unintended consequence, but its prerequisite.
Because the overall "measureable" effects depend on the system boundaries (what phases are
included) and the temporal resolution (quantification of snapshots compared to long-term annex
of structures) of the assessment, we call them life cycle effects instead.

4 Quantification models
The aim for resource impacts is the quantification of three midpoint and two endpoint indicators,
pointing to "natural resource use and preservation" for energy efficiency actions in Europe.
Savings for these indicators refer to different base cases throughout EU Member States or
European markets and the implementation of an action for energy efficiency in the same spatial
and temporal boundaries. Methods for calculation are Material-Input-per-Service (MIPS) (see also
Liedtke et al., 2014; Saurat & Ritthoff, 2013; Schmidt-Bleek & Wuppertal Institut für Klima,
Umwelt, Energie, 1998 and Schmidt-Bleek, 1998), Global Warming Potential for 100 years
(GWP 100a) by the International Panel on Climate Change (Bernstein et al., 2007) and Ecocosts by
Voigtländer (2001).
The following section provides a description of the quantification model, which is differentiated
into use phase and production phase. Indicators for each phase are calculated individually, but can
be aggregated for evaluation.
4.1

Model for Use phase

All actions on the action list are connected to technologies, which consume one or more forms of
energy during the use phase. For purpose of quantification, energy use by these technologies can
be classified into final consumption of electricity, heat and fuels. Fuels for vehicles are raw
materials for energy conversion. They are usually imported and not produced within the European
Union. Although shares for petrol and diesel are country-specific, they rather depend on the
respective transport sectors and not on the infrastructures for fuel supply. Heat and electricity are
provided for on a national level (gross final energy production) and are based on the infrastructure
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in a certain country for the conversion of primary energy. The gap between primary energy
conversion and final consumption within one country can be explained and allocated by national
im- and exports of electricity and heat in the European Grid.
In addition, energy production, transport and storage facilities have to be constructed in order to
supply final energy. Raw materials for energy supply are either extracted within the same country
or imported into the respective country from other sources including the European Union. All of
these raw materials can be associated with economically unused extraction in the country of
origin.
The net Material Footprint of electricity and heat is based on the conversion of primary energy
within a country. It relates all life cycle wide abiotic and biotic raw materials (tons of natural
resources) for the production, transport and storage of electricity and heat in a certain country to
the final consumption per year (kg/(kWh*a)). Im- or exports increase or decrease the net resource
intensity of a country depending on the net resource intensity in other countries, resulting in the
gross Material Footprint. In COMBI, all imports of final energy from other countries are assumed
to be the average European net production. Savings of resources in a country are calculated by
multiplying the savings in electricity, vehicle fuel and heat by actions compared to a base case
with its specific gross Material Footprint.
4.1.1

Allocation of final energy to Member States, markets and regions

The quantification model for the use phase of EEI actions aims at the quantification of impacts per
Member State and action. This requires consistent datasets for all forms of final energy in all
countries containing the mix of energy carriers, but also data on energy supply utilities as well as
transmission and net losses. In the case of data gaps, it might become necessary to cluster single
Member States to energy markets or energy regions with similiar characteristics of energy supply
and consumption. This strategy for closing data gaps still allows for a quantification per member
state. In some cases however, the same country-specific Material Footprints for energy
conversion would be used for quantification.
4.1.2

Calculation of net and gross Material Footprints for electricity in use phase

Most of the required resources in the European grid stem from the combustion of fossil fuels
(abiotic raw materials from used extraction for energy conversion ). But any electricity production
facility (including renewables) requires additional raw materials for production, maintenance and
decomposition including biotic raw materials. The ecoinvent database (2.2) provides generic life
cycle inventories for electricity production by most of the facilities on the market and for most of
the countries. They can be used to calculate the net Material Footprint of electricity production in
all EU-28 member states per state, market or region depending on the available data. It also
provides the data for the calculation of the European electricity at final consumption.
In order to maintain consistency with system boundaries and other WPs, data on the electricity
mix are drawn from LEAP/PRIMES. The LEAP/PRIMES model provides WP 4 with electricity
shares by energy carriers in all member states. It will be used to update the existing life cycle
inventories. By introducing an average net material footprint for Europe, the gross Material
Footprint can be calculated due to im- and exports of electricity in the market or the country.
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Calculation of Material Footprints for heat

The material and energy flows for the heat consumption of a country are not easy quantifiable.
While cogenerated heat is also provided by facilities for electricity production, many households in
Europe produce their own heat with the help of technologies for combustion of oil or gas. Gaps
between public heat supply and private heat production cannot be bridged without overlaps.
As actions in COMBI for heat efficiency relate to reduced heat demands, it is feasible to calculate a
Material Footprint for heat that is consumption based, but includes public supply. It should be
based on average technologies for the conversion of primary energy by energy carriers into heat,
including heat from public electricity and renewable sources. Base case is therefore a bottom-up
mix of these technologies with their respective country specific market share5.
WP2 will provide data from LEAP/PRIMES including market shares for energy carriers providing
energy for space and water heating. They are the starting point for identifying average
technologies for heat provision in Europe. The base technologies and suggestions for LCIs to be
used for quantification are listed in Table 5, including the need for a additional differentiation
between the housing sector and public supply:
Table 5: Life Cycle Inventories for Material Footprint (heat)
Technologies for space and

Suggested ecoinvent processes

water heating in Europe

according to LEAP/PRIMES
Gas

heat, natural gas, at boiler modulating

Differentiation between supply

additional modelling

and household production ?

required ?

yes

no

<100kW

heat, natural gas, at industrial furnace
low-NOx >100kW
Electricity

Gross Material Footprint from country-

no

yes

Oil

heat, light fuel oil, at boiler 10kW, non-

yes

no

no

yes

specific mix
modulating

heat, heavy fuel oil, at industrial furnace
1MW
District heating

not yet specified

Coal

heat, lignite briquette, at stove 5-15kW no

no

Biomass

heat, biogas, allocation exergy, at micro no

yes (allocation exergy to

Solar

heat, at hot water tank, solar+electric,

no

yes (mix for auxiliary

Ambient Energy

needs to be clarified

no

yes

4.1.4

gas turbine 100kWe

flat plate, multiple dwelling

energy)
energy)

Electricity markets in Europe

The ecoinvent 2.2 database provides life cycle inventories of the electricity supply mix (including
expenditures on transmission and conversion to different voltage levels) for 22 continental
member states in the EU. These LCIs will be updated to 2030 electricity production mixes as
5

It has to be discussed if a specific heat mix for each country can be modelled in terms of effort and data availability.
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provided from WP2 for the quantification of base-case Material Footprints. The UCTE mix (Union
for the Co-ordination of Transmission of Electricity) is also basis for an average European mix for
allocation of imports and exports.
Missing country-specific data in the UCTE mix will be added (such as UK) or represented by similar
country-specific markets (one or more country-specific supply mixes). Criteria for market selection
are shares for electricity from lignite combustion and renewables, because coal power plants have
very high material footprints and most renewable power plants are comparably resource efficient.
4.1.5

Fuel markets in Europe

We assume that fuels for vehicles are imported into the European Union and produced in the
same way regardless of the country they are used in. Country-specific Material Footprints
therefore solely depend on the respective country fuel mix provided by LEAP/PRIMES. It has to be
discussed, weather the country-specific Material Footprints have to be adapted in some cases (for
exampel natural gas extraction in Great Britain and Netherlands or oil extraction in Denmark).
4.2

Model for production phase

All actions on the action list are connected to technologies, which require material flows from
nature for production. For purpose of quantification, the respective life cycle inventories of energy
efficiency actions can be differentiated into one of the following technology cluster:
(1) Improvement of existing technology
(2) Substitution of conventional technology
(3) Shift in the mix of technologies
All three are associated with differences in the material flows for the production phase by actions
(but only (1) and (2) by technology), thus changes in the resource impacts. In most cases however,
material flows for use phase are higher by orders of magnitude than for production phase and
quantified impacts would not differ significantly.
4.2.1

Criteria for selection of technologies with relevant resource impacts in the production
phase of EEI actions

Resource impacts during the production phase of the energy efficiency action (technology) are
only calculated for the most important technologies for EEI actions identified by the criteria in
section 2.2.1. While the final selection depends on the final inputs by LEAP/PRIMES, the following
selection criteria will determine the selection of technologies for quantification:
(A) Multi-use of technologies in different actions (e.g. vehicles)
(B) Substitution of existing technology
(C) Drastic changes in technology mix
(D) High production / use phase ratio in terms of natural resources
(E) Few assumptions necessary for modelling
(F) Availability of generic processes in literature and databases

18

WP4 Resources: D4.2 Draft methodology

COMBI GA No. 649724

While (A) to (E) will be evaluated qualitatively by the authors of this report, (F) (data availability) is
also the final criterion for exclusion of technologies. It is not planned to collect additional
technology data during COMBI.
Outcome of this step is the final selection of 5 to 15 technologies for which most of the criteria
hold true. This will allow for a quantification of resource impacts during production phase for the
maiority of EEI actions on the action list.
4.2.2

Quantification approach for production phase

Material Footprints for production are calculated with help of existing life cycle inventories. The
LCIs are modelled according to the technical parameters of the action, provided by LEAP/PRIMES.
Other parameters from the generic datasets are not modelled specifically.
It is assumed that all technologies are produced in the European Union with no differences in
production between countries. If European averages are not available, Rest-of-Europe (RER) or
Global (GLO) LCIs are used. Electricity demand for production is assumed to be the average
European mix from the use phase quantification. Ecoinvent based assumptions and shares for
production processes, secondary materials, work halls and machines are not modelled specifically
as well.
Improvement technologies are based on the same LCIs for both action and base-case, because
only the technical parameters have to be adapted. Substitution technologies will require
additional LCIs for base-case. Shift technologies require the bottom-up modelling of an existing
technology mix, covering at least 80 % of the market.
4.3

Options for monetisation

Monetisation in COMBI is used for aggregation of different impacts for a certain perspective. As
their values are added up, overlaps between impacts have to be avoided. The following sections
discuss options for monetising resource impacts.
4.3.1

Direct Material Costs

Since reduced costs for raw materials for energy conversion are already incorporated within
energy costs, direct material costs in resource impacts only refer to the production phase. As of
yet, there is no comprehensive list of the most important raw materials for energy efficiency
actions. However, the European Union published a list of the most critical 20 raw materials (CRM),
including material groups such as rare earth elements (E.-E. Commission & others, 2010; E. U.
Commission & others, 2014). As these materials are considered to be relevant to the European
market in terms of supply risk and economic importance (not necessarily in terms of impacts from
resource use), their cost savings could provide a proxy for the economic relevance of the
production phase of actions in COMBI.
In order to capture the costs, usage and amount of CRMs in the production of energy efficiency
action technologies could be related to their prices on the global market. Similar to the
characterisation in LCAs, an impact method quantifying these costs would have to be developed.
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LCA databases such as ecoinvent include elementary flows and processes on many critical raw
materials. However, they cannot all be pointed back to consistent amounts for the extraction from
nature, since many CRMs stem from coupled mining or from different minerals and ores. In
addition, data on the raw material costs at mining sites are not available for all critical raw
materials. Instead, processed critical raw materials (at refinery, at plant or at regional storage) will
have to be related to global market prices.
Table 6 lists all 20 CRMS in the EU (for 2014) and the available database processes. At the
moment, 13 of the 20 materials and material groups could be captured at least partially by the
model and assigned to 19 different datasets. The direct material cost impacts could be calculated
by comparing the critical raw material costs of base-case technologies with action related
technologies in the production phase.
As of now, COMBI already incorporates the investment costs of all actions. Any quantification of
direct material costs would therefore overlap with the investments und is not feasible for
aggregation.
Table 6: Capturing Critical Raw Materials (CRMS) for direct material cost model
CRMs

Available processes at refinery, plant or regional storage

Nr of
available
processes

Global price

Nr of prices

Captured by
model

(if dataset
available)

Antimony

none

0

-

no

Beryllium

none

0

-

no

Borates

sodium borates, at plant (borax)

2

yes

calcium borates, at plant (colemanite)

2

yes

1

yes

yes

none for kernites
none for sassolites
none for boracite
Chromium

chromium, at regional storage

2

ferrochromium, high-carbon, 68% Cr, at regional storage

no
yes

Cobalt

cobalt, at plant

1

yes

1

yes

Coking coal

hard coal coke, at plant

2

yes

1

yes

unsure

?

petroleum coke, at refinery
Fluorspar

fluorspar, 97%, at plant

1

yes

1

yes

Gallium

gallium, in Bayer liquor from aluminium production, at plant

1

yes

1

yes

Germanium none

0

-

Indium

indium, at regional storage

1

yes

Magnesite

none

0

-

1

yes

Magnesium magnesium, at plant

mo
1

yes
no

1

yes
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graphite, at plant

1

yes

1

yes

Niobium

none

0

-

Phosphate

phosphate rock, as P2O5, beneficiated, dry, at plant

1

yes

1

yes

Platinum

none for ruthenium

6 (9 with

-

3

yes

Nr of prices

Captured by

graphite

rock

Group

Metals

rhodium, at regional storage; rhodium, primary, at refinery
palladium, at regional storage; palladium, primary, at refinery

secondary
materials)

CRMs

yes
-

none for iridium

-

Available processes at refinery, plant or regional storage

yes

Nr of
available
processes

Rare Earth none for scandium
Elements

yes

none for osmium

platinum, primary, at refinery; platinum, at regional storage

none for yttrium
lanthanum oxide, at plant
cerium concentrate, 60% cerium oxide, at plant

no

4 (5 with
concentrate

on samarium

Global price
available)
-

4

yes

1

yes

-

europium

yes

gadolinium)

yes

praseodymium oxide, at plant

yes

neodymium oxide, at plant

yes

none for promethium

-

none for samarium oxide (samarium europium gadolinium

-

available)

model

(if dataset

-

none for europium oxide (samarium europium gadolinium

-

available)

-

none for gadolinium oxide (samarium europium gadolinium
available)

-

none for terbium

-

none for dysprosium

-

none for holmium

-

none for erbium

-

none for thulium
none for ytterbium
none for lutetium
Silicon

MG-silicon, at plant

1

yes

Tungsten

none

0

-

Sum

24 process flows in ecoinvent 2.2, at least 19 can be

metal

24 (29)

no
19

13

connected to global prices, 13 CRMs are covered at least
partially
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Mitigation costs for Abiotic Depletion and Global Warming Potential

External costs for the prevention and mitigation of depleted raw materials, could be based on the
eco-cost model (see chapter on monetisation and also http://www.ecocostsvalue.com). The ecocost model was developed by Joost Vogtländer and is described in “The model of the Ecocosts/Value Ratio – A new LCA based decision support tool” publicised in 2001 (Vogtländer,
2001). The model links the value chain to the ecological product chain. For each step of the value
chain (i.e. from cradle to grave) the value from the point of view of the end user, the costs from the
point of view of the producer and also the eco-costs are calculated. While the value and the costs
represent the real monetary value and costs of the good or service, the eco-costs are "virtual"
costs.
The fundamental principle of this methodology is the calculation of the eco-costs. These are
determined as the monetary costs of a product, which would prevent the ecological damage. The
eco-costs of a product or service are differentiated between direct and indirect eco-costs. The
virtual pollution prevention costs, the eco-costs of energy and the material depletion costs sum
up to direct eco-costs. Indirect eco-costs are eco-costs of depreciation and labour.
The first step in an eco-cost model is a check on the measures for mitigation. Do they meet the
requirements for sustainability? Secondly, the (often arbitrary) sustainability norms have to be
related to calculations of absolute norms. Thirdly, the eco-cost as the price of the most expensive
measure for mitigation are determined.
The calculation method for the eco-costs of the global warming for example is based on 61
measures to reduce the emission of greenhouse gases (such as carbon storage or the use of
renewables for the production of electricity). The calculated eco-costs however depend on the
related political aims (absolute norm). The eco-costs of global warming are for example 114 € per
kg CO2eq for a reduction of 50% in 2030 compared to 2000 or 80 EUR per kg CO2eq for the Kyoto
target. So depending on the political target, eco-costs could be under- or overestimated.
There are characterisation factors for the eco-costs of processes and services in the ecoinvent
database available. They form the basis for developing a LCIA method for OpenLCA, allowing for
the automated modelling and quantification of external costs during the use phase of all actions
and by the production phase of selected action related technologies.
For COMBI, eco-costs of abiotic depletion would not overlap with other monetised impacts of the
societal perspective. They are therefore deemed to be feasible for COMBI impact aggregation.
While eco-costs of Climate Change could also be used to monetise the worldwide Global Warming
Potential endpoint, it is still to be discussed what method is the most feasible for COMBI (see also
next section).
4.3.3

Social Carbon Costs

The estimation of the social costs of carbon (SCC) is challenging and subject to scientific
discussions and quantification uncertainties (see e.g. Huppes & van Oers, 2011; Johnston, 2015;
Pearce, 2003; Tol, 2008, 2010; Van der Ploeg & Rezai, 2016). The literature lists a wide range of
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possible values with different assumptions on discount rates, time preferences and climate
sensitivity. In addition, SCC values also vary with different baselines for future emissions or
mitigation paths. In light of these issues, no final decision on appropriate SCC values can be made
for this draft of COMBI methodology report on resource impacts. Instead, social costs of carbon
from life-cycle wide material flows are subject to further discussions and are going to be aligned
with the monetisation method of direct energy conversion emissions in WP 5.

5 Approach for impact quantification and monetisation
5.1

Draft impact equations

The following sections describe the impact equation for the two endpoints "Material Footprint"
and "Carbon Footprint" as well as the monetisation of external costs for abiotic depletion. The
monetisation of Social Carbon Costs (SCC) is not specified yet.
In general, the following indices are used for COMBI:
•

c = country

•

r = region

•

a = EEI action

•

e = energy carrier

The following additional indices are required for resource impact quantification:
•

ab = abiotic

•

b = biotic

•

eu = European mix (28 member states or a mix of regions)

•

P = Production

•

E = Export

•

I = Import

•

t = technology

•

ba = baseline

•

ghg = greenhouse gas emissions

•

𝑚 = material flow

5.1.1

Endpoint 1: Savings in Material Footprint MFdelta

The amount of natural resource extraction of an energy efficiency action is expressed in the
Material Footprint indicator MFdelta. It measures in tons of resources, how much material from
nature is either saved or additionally required for the implementation of an action in all EU 28
countries.
MFdelta stems from resource impacts during use phase (all life cycle phases for energy consumption), resource savings from baseline technologies not being produced, minus the additional
resources for the production of action-related technologies :
𝑆𝑎𝑣𝑖𝑛𝑔𝑠  𝑜𝑓  𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠  (𝑀𝐹!"#$% )    =    𝑀𝐹!,!"    −   𝑀𝐹!,!    −    𝑀𝐹!,!    +    𝑀𝐹!,!"    =
= 𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠  𝑑𝑢𝑟𝑖𝑛𝑔  𝑢𝑠𝑒  𝑝ℎ𝑎𝑠𝑒  𝑜𝑓  𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒   −   𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠  𝑑𝑢𝑟𝑖𝑛𝑔  𝑢𝑠𝑒  𝑝ℎ𝑎𝑠𝑒  𝑜𝑓  𝑎𝑐𝑡𝑖𝑜𝑛𝑠    
− 𝑅𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠  𝑑𝑢𝑟𝑖𝑛𝑔  𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛  𝑝ℎ𝑎𝑠𝑒  𝑜𝑓  𝑎𝑐𝑡𝑖𝑜𝑛𝑠  
+ 𝑅𝑒𝑠𝑐𝑜𝑢𝑟𝑐𝑒𝑠  𝑑𝑢𝑟𝑖𝑛𝑔  𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛  𝑝ℎ𝑎𝑠𝑒  𝑜𝑓  𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
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MIPS sums up all abiotic and biotic elementary flow inputs (𝑚) from nature. These flows are the
basis for abiotic and biotic raw materials, as they are used in all life cycle phases (except
decomposition phase). In addition, unused extracted materials are necessary for their provision,
expressed in unused-extraction factors for each raw material (ue). The sum of all elementary
flows for one action (a), can be related to the resulting impacts for the Material Footprint of one
action in one country (c) during use phase (e) and production phase (t). A detailed equation is
attached to the appendix of this report.
Because EEI actions could promote a switch of energy sources (e.g. electrical versus fossil fueled
vehicles), the resource use of actions during use phase has to be calculated additionally in few
cases.
5.1.2

Endpoint 2: Savings in greenhouse gas emissions

Global savings in greenhouse gas emissions are expressed by the indicator Carbon Footprint or
CFdelta. The quantification approach is the same, but does not include unused extracted raw
materials. It is restricted to output flows of green house gas emissions (𝑚!!! ), which are
multiplied with their global warming potential in 100 years (gwp 100 a). A detailed equation is
attached to the appendix of this report.
5.1.3

Monetisation 1: External costs for abiotic depletion eADdelta

External costs are based on the input elementary flows for actions during use and production and
the specific ecocosts for every material flow, but not the unused extracted materials or biotic
materials. Their quantification will require the development of a OpenLCA compatible LCIA method
for so called ecocosts of abiotic depletion (eAD). Quantification is based on the same material
flows as for abiotic raw materials quantification, but with an additional characterisation factor for
each flow. A detailed equation is attached to the appendiy of this report.
5.1.4

Social Carbon Costs (SCCdelta)

The equation for SCCs cannot be provided, because no final decision on the monetisation approach
has been made by end of March 2016.
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Key assumptions

The following table (see Table 7) lists all key assumptions for quantification and monetisation.
Table 7:

Key assumption for impact quantification and monetisation

Impacts / Monetisation

Key assumptions

Raw materials for energy conversion

Abiotic Raw materials

•

No overlap with final energy consumption

•

Average conversion factors for all member states

•

Energy imports are European average

•

No differences for energy supply facilities between
countries and European energy mix for production

•

No adaption of parameters for working halls, machines,
auxiliary energy, secondary materials

Biotic Raw materials

•

Generic processes for wrought materials

•

Energy imports are European average

•

No differences for energy facilities between European
countries and European energy mix for production

•

No adaption of parameters for working halls, machines,
auxiliary energy, secondary materials

Material Footprint

Ecocosts of abiotic depletion

5.3

•

Generic processes for wrought materials

•

Average shares for water content

•

All assumptions of midpoints included

•

Average intensities of unused extraction

•

Generic ecocosts by ecocost model

Disaggregation level of MI quantification

Table 8 lists the possible levels for resource impact disaggregation in COMBI. All use-phases of
actions can either be quantified for each member state or at least for a EU region, depending on
the available datasets from LEAP/PRIMES.
Resource impact sizes for the production of technologies will probably be restricted to
technologies for actions and will not differentiate effect sizes for member states or regions
(implying the assumption that the production of a technology is not restricted to one country and
has the same technology-specific impacts in every member state). However, production phaserelated effects will be quantified for each country.
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Disaggregation level of natural resource use by EEI actions
Number of MI
values (b: per

Member State;
c): per
#

EEI actions

region/market)

Explanation

1

Residential existing buildings – improvements of building

b) or c)

depending on available datasets,

b) or c)

depending on available datasets,

envelopes Content
2

Residential new buildings – PassivHaus standards for heating and
cooling demands

3

Residential existing buildings – improvements of heating systems

b) or c)

depending on available datasets,

4

Residential – improvements of domestic hot water systems

b) or c)

depending on available datasets,

5

Residential existing buildings – improvements of (room) air-

b) or c)

depending on available datasets,

conditioning systems
6

Residential – improvements of lighting systems

b) or c)

depending on available datasets,

7

Residential appliances – improvements of refrigerators / freezers

b) or c)

depending on available datasets,

8

Tertiary existing buildings – improvements of building envelopes

b) or c)

depending on available datasets,

9

Tertiary new buildings – PassivHaus standards for heating and

b) or c)

depending on available datasets,

10

Tertiary existing buildings – improvements of heating systems

b) or c)

depending on available datasets,

11

Tertiary – improvements of domestic hot water systems

b) or c)

depending on available datasets,

12

Tertiary existing buildings – improvements of air-conditioning

b) or c)

depending on available datasets,

13

Tertiary – improvements of lighting systems (including street

b) or c)

depending on available datasets,

cooling demands

systems and fans
lighting)

14

Tertiary – improvements of commercial refrigeration and freezing

b) or c)

depending on available datasets,

15

Passenger transport – improved efficiency of road vehicles (cars)

b) or c)

depending on available datasets,

16

Freight transport – improved efficiency of light and heavy duty

b) or c)

depending on available datasets,

trucks
17

Passengers and freight transport – improved efficiency of rail

b) or c)

depending on available datasets,

18

Passenger transport – modal shift

b) or c)

depending on available datasets,

19

Freight transport – modal shift

b) or c)

depending on available datasets,

20

Process heating high temperature: iron – more efficient furnaces

b) or c)

depending on available datasets for heat

transport vehicle

(BF and BOF)
21

Process heating high temperature: steel – more efficient Electric

supply,
b) or c)

Arc Furnaces (EAF)

depending on available datasets for heat
supply,

22

Process heating high temperature: cement –more efficient kilns

b) or c)

23

Process heating high temperature: glass – more efficient (glass

b) or c)

depending on available datasets for heat
supply,

melting) furnaces

depending on available datasets for heat
supply,

24

Process heating high temperature: olefins – more efficient steam

b) or c)

depending on available datasets for heat

25

Process heating high temperature: paper – more efficient driers

b) or c)

depending on available datasets for heat

26

Electrochemical processes - more efficient primary aluminium

b) or c)

depending on available datasets,

27

Electrochemical processes - more efficient chlor-alkali production

b) or c)

depending on available datasets,

28

Process heating – more efficient steam systems, including CHP

b) or c)

depending on available datasets,

29

Machine drive – more efficient fan and pump systems

b) or c)

depending on available datasets,

30

Industrial facilities – more efficient space heating

b) or c)

depending on available datasets,

crackers

supply,
supply,

production
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6 Data
6.1

Use of common WP2 input data

LEAP/PRIMES will provide WP4 with use phase data on the country-specific mix of energy carriers
for the consumption of electricity, vehicle fuels and heat. In cases where data on final consumption is incomplete, supply data will be used and adapted.
For quantifying the production phase of technologies, LEAP/PRIMES will provide WP with data on
car sizes and their current emission standards.
6.2

Data completion methods

Data completion will be necessary for a number of aspects:
1. Electricity production facilities: Use of generic data on European Average or Rest-ofEurope
2. Heat production: Use of appropriate sizes for conversion of oil and natural gas into heat
3. Fuel production: Use of mix of different production processes for European Average or
Rest-of-Europe (also for transport of fuels)
4. Grid and storage losses: Use of generic data in ecoinvent 2.2
5. Modelling of technologies: Adaption of only the most important technological parameters
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8 Appendix
8.1

Detailed equation for Endpoint 1: Material Footprint of EEI actions

𝑀𝐹!"#$%   
!

!

=   

!

𝑚!,!,!"   ×  (1 + 𝑢𝑒!,!,!! )    +   
!!!
!

+   

!!!

!

𝑚!",!,!"   ×  (1 + 𝑢𝑒!",!,!" )    +   
!!!
!

−   

!!!

!

𝑚!,!,!"   ×  (1 + 𝑢𝑒!,!,!" )    +   
!!!
!

+   

!!!

!

𝑚!",!,!"   ×  (1
!!!
!
!

−   

+ 𝑢𝑒!",!,!" )    +   

𝑚!,!,!   ×  (1 + 𝑢𝑒!,!,! )   ×  
!!!

𝐸!,!,!"    +    𝐸!,!,!"

  

𝐸!,!,!    −    𝐸!,!,!
𝐸!,!,!    +    𝐸!,!,!

  

𝑚!",!,!   ×  (1 + 𝑢𝑒!",!,! )   ×  𝐸!,!,! ×  𝐸!   
!!!

!

𝑚!,!,!"   ×  (1 + 𝑢𝑒!,!,!" )  ×  𝑐!,!    +   
!!! !!!
!
!

+   

𝐸!,!,!"    −    𝐸!,!,!"

𝑚!",!,!   ×  (1 + 𝑢𝑒!",!,! )   ×  𝐸!,!,!" ×  𝐸!   
!!!

!

𝑚!,!,!   ×  (1 + 𝑢𝑒!,!,! )   ×  

𝑚!,!,!   ×  (1 + 𝑢𝑒!,!,! )  ×  𝑐!,!   ×  𝑆!,!   
!!!
!

𝑚!,!,!"   ×  (1 + 𝑢𝑒!,!,!" )  ×  𝑐!,!    +   
!!! !!!

𝑚!,!,!   ×  (1 + 𝑢𝑒!,!,! )  ×  𝑐!,!   ×  𝑆!,!"
!!!

with
E a:

Energy savings by action in country in kWh

EP,c:

Energy production by country (net) in kWh

EE,c:

Energy exports by country in kWh

EI,c:

Energy imports by country in kWh

Sc :

Service unit for technology of action or baseline by country

ct,c:

Share of technology for action or baseline by country

8.2

Detailed equation for Endpoint 2: Carbon Footprint of EEI actions

𝐶𝐹!"#$%   
!

!

!!!

!!!

=   

𝑚!,!,!!!    ×  𝑔𝑤𝑝!   ×  

𝐸!,!,!"    −    𝐸!,!,!"
𝐸!,!,!"    +    𝐸!,!,!"

!

   +   

𝑚!",!,!!!      ×  𝑔𝑤𝑝!      ×  𝐸!,!,!"
!!!

×  𝐸!   
!

!

−   

𝑚!,!,!!!    ×  𝑔𝑤𝑝!   ×  
!!!

!!!
!

𝐸!,!,!    +    𝐸!,!,!

!

×  𝐸!    −   
!

𝐸!,!,!    −    𝐸!,!,!

!

   +   

𝑚!",!,!!!      ×  𝑔𝑤𝑝!      ×  𝐸!,!,!
!!!

𝑚!,!,!!!   ×  𝑔𝑤𝑝!   ×  𝑐!,!      ×  𝑆!,!   

!!! !!!
!

+   

𝑚!,!,!!!   ×  𝑔𝑤𝑝!   ×  𝑐!,!    +     ×  𝑆!,!"
!!! !!!

with
gwpm: Global Warming Potential of material flow for 100 years
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Detailed equation for Monetisation: Mitigation costs of resource depletion

𝑒𝐴𝐷!"#$%   
!

!

=   

𝑚!,!,!"   ×  𝑎𝑑!        ×  
!!!
!

!!!
!

−   
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!

!!!
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𝐸!,!,!    −    𝐸!,!,!
𝐸!,!,!    +    𝐸!,!,!
!

   +   

𝑚!",!,!"   ×  𝑎𝑑!      ×  𝐸!,!,!" ×  𝐸!   
!!!
!

   +   
!

𝑚!,!,!"   ×  𝑎𝑑!   ×  𝑐!,!      ×  𝑆!,!    +   
!!! !!!

!

𝑚!",!,!"   ×  𝑎𝑑!      ×  𝐸!,!,! ×  𝐸!   
!!!

𝑚!,!,!"   ×  𝑎𝑑!   ×  𝑐!,!      ×  𝑆!,!"
!!! !!!

with
adm:

Resource depletion costs of material flow
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