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Abbreviations

EEA European Environmental Agency
EF Ecological Footprint
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ER Ecological Footprint of Exports

ER Ecological Footprint of Imports

ER Ecological Footprint of Production
EOD Earth Overshoot Dy

FAOstats Food and Agriculture Organization of the United Nations Statistics
GDP Gross Domestic Product

GFN Global Footprint Network

gha global hectare

IEA International Energy Agency

NFA National Footprint Accounts

SER Serviced'Economie Rurale

National Institute of statistics and economic studies of the Grand Duchy of
STATEC Luxembourg
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1 Purpose of the study

In a world of growing climate change and resource constraints, runng biocapacity deficits are

an increasing economic risk. Yet, those risks barely appear in financial analyses, because natural
capital is still incredibly cheap. However, since natural cafal is so fundamental for all human
activities, inadequate accessan make the entire economy lose in value (e.g. a city without a clean
drinking water supply will lose in value, even when water itself at the moment is still relatively
cheap).

Terms like OAT Ei AOA DOT OAAOEI T 6 AOA 1 £O0AT obaddedAn x EAT
humanities activities. In reality though, effective climate action is largely about seffrotection.
The constant overuse of natural resources and the accompanying negative etfeon climate and
other environmental aspects cannot sustain our gwing population. Global Footprint Network
has kept track of the national Ecological Footprint and Biocapacity for all countries in the UN
statistical data set, including Luxembourg. It sbws, that the planet contained in 2016 1.6 global
hectares per person of biologically productive space yet humanity demanded a flow of materials
and services that took 2.75 global hectares to regenerate. The difference came from depletion.

For the year 2015, these National Footprint and Biocapacity Accounts documentedorf
Luxembourg a demand that requires 11.5 global hectares per person of biologically productive

space (Global Footprint Network 2019). Given that there are only 1.6 global hectares of
biologically productive areas in the world, this means that if the globdgopulation lived like the

ET EAAEOAT OO 1T £ , OAiI AT 6OCh x8y %AOOEO x1 01 A AA
Qatar is the only country with a way of living that would, on averagaake even more planets (8.8

Earths in their case).

It is not possble to overuse our planet like this forever. This biocapacity deficit of the
Luxembourgish economy and the population add up to a growing debt: we are living on the
resources of the younggenerations and those to come. Moreover, the goal is not to only ek

the demand to one planet, but to less than one planet as wild species need their space, too
(Wackernagel et al. 2019).

Some may consider that this large demand poses an ethical chalie. At the very least, it points

to a substantial economic risk. Gien increasing ecological overshoot, how will Luxembourg be
able to operate successfully, given such massive resource dependence? What are its options?
Every country investing into its own long-term success makes it also more likely for other
countries to succeed- because success of one aligned with our oftanet reality helps others to
succeed as well. Also, we can no longer build lasting success with development models at odds
with physical reality. This means that recognizing the significance of resowsecurity becomes a
positive-sum game.

Answering how many planets it takes if everybody lived like you requires clear and robust
ecological accounting. It then can tell us by when in ¢hyear the world or a country has used more
than what is available inthe country or the world. For humanity as a whole, this date is called
Earth Overshoot Day. The ecological accounts used for estimating it are provided by Global
Footprint Network: they are called National Footprint and Biocapacity Accounts (Global Fooipt
Network 2019).

1 Global hectares are biologically productive hectares withworldaaeg e producti vity. The wo

contains about 12.2 billion biologically productive hectares (the off8e6 billion hectares are either deserts or

ice on land, or deep oceans, all of them with low concentration of biological regeneration). This thatone

gl obal hectare contains one 12.2 billiowrmityh of the ear
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Ecological footprint accounting is a tool that can help countries succeed in a time of increasing
ecological constraint. The accounts simply track all demands that c@®® OA &£ O OEA %A
biologically productive surfaces. These surfacedarbour biomass renewal which serves:
sequestration capacity for C@from fossil fuel burning (which is more limited than fossil fuel still
underground), production of food, fibre, timbe and energy production (from hydropower to

biomass), use of freshwadr, if it diverts water from other ecosystem uses, etc. Also, some of these
productive areas are used to accommodate houses and roads. The sum of these demanded areas

EO AAI 1 AADAT OEABD &1 1 OPOET 66N OEA AAEtalke®dU 1T £ A
OAET AADPAAEOUS8OG

Both biocapacity and ecological footprint can be tracked and compared against each other, based

on two simple principles: (1) one can add up all the competing demas on biologically productive

surfaces, i.e., the surfaces that coflal OEA DI AT A08O AEI AAPAAEOUN j
proportional to their biological productivity, they become commensurable. The scaled areas units

AOA AAT T AA OCI | Arh biologidally Qrddddiv shéctardsEwlit world average
productivity .

In 2010, Hild et al. used the method of the Global Footprint Network to analyse the ecological

footprint of Luxembourg and identify the main sources that increase it to such a high lel The

carbon Footprint, representing theCQ emissions associated vith the use of fossil fuel included in

consumed products,accounts for 10.02 gha per person of the total Ecological Footprint of 11.82

gha per person. Furthermore, Hild et al. (2010) alsadentified fuel tourism and crossborder

commuters as factors negatigly affecting the Ecological Footprint of Luxembourg. Since this

study has been published, several national and international environmental policies have been
implemented in Luxembourg. The Institut fir Biologésch Landwirtschaft an Agrarkultur

Luxemburg as.b.l. (Institute for Organic Agriculture Luxembourg) has been charged with e
calculating the national Ecological Footprint and its biocapacity deficit, and to assess their
evolution over time.

This report merely focuses on the underlying metrics behindhese statistics: to investigate to

xEAO A@OAT O '11TAAIT &i 1T OPOET O . AOxT OE8O . AOET T AI
all based on UNStatistics, accurately reflect the situabn of Luxembourg. Having confidence in

the metric is a precondition br examining potential implications for Luxembourg, something that

will be taken on after this initial investigation.

The overall aims of the study are:

1. To compare the UN data used by @al Footprint Network for producing the National
Footprint and Biocapacity Accounts (NFA) of Luxembourg for the year 2016 with available
national data: Are there discrepancies in the data sources and how do they impact the NFA
of Luxembourg?

2. To calculatethe Ecological Footprint and Biocapacity for 2018 using the best dasmurces
identified in 1): How has the Ecological Footprint and Biocapacity evolved over time?
What are the factors that most importantly impact the Ecological Footprint of
Luxembourg?

3. To highlight the impact of fuel tourism and traffic: What is the impacbf fuel tourism and
commuters on the Ecological Footprint of Luxembourg?

During the work on this study, the following further research questions arose and have been
assessed additional:



What impact do political decisions such as increase of renewablaergies and promotion
of electro-mobility have on the Ecological Footprint of Luxembourg?

What Footprint does food consumption in Luxembourg have and how far does the
reduction of food waste help to decrease the Ecological Footprint of Luxembourg?

Can theimpact of the service industry on the Ecological Footprint be quantified? Could it
explain a disproportionally large Luxembourgish Ecological Footprint?



2 Materials and Methods

2.1Principles ofEcological FootprintCalculation

The calculation of the Eological Footprint by Global Footprint Network is an accounting system
to track the amount of biologically productive land and water areas that are requireldy a country

to produce the natural resources it consumes and to absorb the emissions it generatasing
prevailing technology and management strategies (Wackernagel et al. 2002, Wackernagel et al.
2019). These areas are not necessarily located in thesessed country itself, but could be located
anywhere in the world and imported in form of resourcesto the country (Mancini 2016,
Wackernagel & Beyer 2019, EEA 2020).

The Ecological Footprint

MEASURES

how fast we consume resources and generate waste

Energy Settlement Timber & Paper Food & Fiber
COMPARED TO

how fast nature can absorb our waste and generate new resources.

»(/ LD

(N y

Carbon Footprint Builtup land Forest Cropland & Pasture Fisheries

Figurel: The ecological footprint tracks the use of six categ of productive surface areas cropland, grazing land, fishing
grounds, buikup land, forest ara and carbon demand on land. On the supply side, a natRinsapacityrepresents the
productivity of its ecological assetdd¢@al Footprint Network 2020d).

The accounting has two sides: on the one hand, the Ecological Footprint, the demand that humans

place on bioproductive areas and, on the other hand, Biocapacity, the@&® OAS6 O AOAEI AAE
provide the resources and ecosystem services that are annually consumed by humans (Kitzes et

al. 2009). The measurement unit of this material balance approachgobal hectares (gha), which

is the common unit to make the results corparable all over the world. The data from open source

AAOA bl AO&I Of 6h OOAE AO OOAOEOOEAO OTEO 1T A& OEA

i &1/ 341 4qh 51 EOQOAA ty.ThadeE 6tdti€hiés Datdbésé 1(UNE Comtrade) or
International Energy Agercty (IEA), are used to calculate national human consumption and its

footprint. Thus, in terms of the Ecological Footprint calculation, the carbon Footprint portion is
8



one part of a fullEcological Footprint analysis where the greenhouse gas (GHG) emissi@rs
translated into global hectares necessary to adsorb these emissions (Kitzes et al. 2009). However,
the Ecological Footprint is much more than the carbon Footprint.

National Footprint and Biocapacity Accounts use six land use types that are needed toguce
the resources consumed: cropland, forest land, grazing land, fishing grounds, buify land and
carbon uptake land.

In 2008, the overall Luxembourgish consumption required 5,54®08 gha, equalling 11.83 gha per

person (Hild et al. 2010). In compa®i T h Yywyw8dxwe CEA T &£ 1 AT A AiTO
biocapacity, where water areas are negligible (Hild et al. 2010). According to the glossary of Global

Footprint Network (Global Foaprint Network 2020b, see annex Glossary) the five area types for
Biocapacity (cropland, forests, grazing land, fishing grounds and buiitp land) supporting the six

Footprint demand types (cropland Footprint, forest product Footprint, carbon Footprint, gazing

land Footprint, fishing grounds Footprint and builtup land Fooprint) are the following and

related to each other as depicted in Figure 1:

1) Cropland: Cropland is the most bioproductive of all the lainde types and consists of areas
used to producdood and fiber for human consumption, feed for livestock, oil cropg] an
rubber. Due to lack of globally consistent data sets, current cropland Footprint calculations
do not yet take into account the extent to which farming techniques or unsustainable
agricultural practices may cause lonterm degradation of soil. Thél) cropland Footprint
includes crop products allocated to livestock and aquaculture feed mixes, and those used for
fibers and materials.

2) Forests provide two services: Thg) forest product otprint, which is calculated based on
the amount of lumber, pulp, timber products, and fuel wood consumed by a country on a
yearly basis. It also accommodates tf&) carbon Footprint, which represents the carbon
dioxide emissions from burning fossil fiselThe arbon Footprint also includes embodied
carbon in imported goods. It is represented by the area necessary to sequester these carbon
emissions. The carbon Footprint component of tBeological Footprintis calculated as the
amount of forest land neeet to atsorb these carbon dioxide emissions. Currently, the carbon
&1 1 OPOET O EO OEA 1 AOCAOO bPI OOCEIT 1T & EOI AT EOQUC

3) Grazingland: Grazing land is used to raise livestock for meat, dairy, hide, and wool products.
The (4) grazing land Footprintis alculated by comparing the amount of livestock feed
available in a country with the amount of feed required for all livestock in that year, with the
remainder of feed demand assumed to come from grazing land.

4) Fishing grounds: The(5) fishing grounds Footpint is alculated based on estimates of the
maximum sustainable catch for a variety of fish species. These sustainable catch estimates
AOA AT 1T OAOOGAA ET O1 Al ANOEOAI AT O i1 AOGO 1T £ POE
trophic levels. This estimatefanaximum harvestable primary production is then divided
amongst the continental shelf areas of the world. Fish caught and used in aquaculture feed
mixes are included.

5) Built -up land: The(6) built-up land Footprintis calculated based on the area of landwered
by human infrastructure? transportation, housing, industrial structures, and reservoirs for
hydro-power. Builtup land may occupy what would previously have been cropland.

2.2 Advantagesof Ecological Footprintcalculation
According to the GlobaFootprint Network, Ecological Footprint accounting provides a biological
view of the world: it builds on the insight that the biosphere's power to regenerate has become
too small compared to human demand, leading to climate change, biodiversity loss, wasearcity
etc. Explaining the challenges from this biological perspective has various advantages:

9



- This biological approach joins all the human pressureazfrom water, climate, biodiversity,
food, energy, etcz under one roof. This enables us to solve theail together (rather than
one at the cost of another one.). This also helps build the needed bridge between
conservation and climate change.

- Ecological Footprint results are understandable. Very few relate to 2°C, ppm, or tons of
carbon (or did the number refer to CQ?). But even primary school kids understand
number of planets, Earth Overshoot Day, or hectares.

- 0OAOEADPO 1100 Ei bi OOAT O1-UIQ] Y6 OGEADOAOBE O ABIEIAI
i AEAO OEA Al i1 PATUh AEOU -inferest debr&hda@duchd It AAT T 1 i

emphasizes resource security, and the risk to each country for not being prepared. In other
words, it helps see climate action as necessary rather than noble. The current climate

ARAAOA EO AAOAA 11 A Okbspohdibiity td ugénitylahdtiée j OE O
£OOOOA6Qqh 1T AAAET ¢ OI OEIiEA AAOETT8 )1 OAAIE

depends on aggressive climate action, preparing itself for an inevitable carbdree future,
thereby strengthening its own resource segrity.

2.3 Limitations of Ecological Footprint calculation

There are many important limitations, largely based on the specific research question driving the
NFA. Accounting provides a description of outcomes. Therefore, it reports on the overall outcomes
independent of the causes.

There are six key assumptions band the methodological that affect the uncertainty of Ecological
Footprint accounting EEA (2020):

1. Annual amounts of biological resources consumed and wastes generated by countries are
tracked by national and international organisations.

2. The quantiy of biological resources appropriated for human use is directly related to the
amount of bioproductive land area necessary for their regeneration and for the assimilation
of wastes.

3. By weightingeach area in proportion to its inherent ability to regemate biomass, the
different areas can be expressed in terms of a standardised average productive hectare (a
global hectare).

4. The overall demand in global hectares can be aggregated by addinguatilally exclusive
resourceproviding and wasteassimilating areas required to support the demand.

5. Aggregated human demandE€ological Footprinj and nature's supply Biocapacity) can
be directly compared to each other.

6. Area demand can exceed aregply.

In addition to the methodologicaluncertainties, the EEA (2020) describes the main limitations of
the Ecological Footprint and Biocapacityaccounting concepts.

1. Nonecological aspects of sustainability: having a footprint smaller than the biosgghisr

a necessary minimum condition forsustainable society, but it is not sufficient. For instance,
the Ecological Footprintdoes not consider social webleing. In addition, on the resource side,
even if theEcological Footprintis within Biocapacity, poor management can still lead to
depletion. A footprint smaller tharBiocapacityis merely a necessary condition for making
quality improvements replicable and scalable.

10



2. Depletion of norrenewable resources: the footprint does not track the amount ofino
renewable resource stocks, such as, @iatural gas, coal or metal deposits. The footprint
associated with these materials is based on the regenerative capacity used or compromised
by their extraction and, in the case of fossil fuels, the area requieddsimilate the wastes
they generate.

3. Inherently unsustainable activities: activities that are inherently unsustainable, such as
the release of heavy metals, radioactive materials and persistent synthetic compounds (e.qg.
chlordane, polychlorinated bipanyls (PCBs), chlorofluorocarbons (CFGx)lyvinyl chloride
(PVC), dioxins, etc.), do not enter directly into footprint calculations. These are activities that
need to be phased out independently of their quantity (there isBiocapacitybudget for
usingthem). Where these substances causessloBiocapacity, however, their influence can

be seen.

4. Ecological degradation: the footprint does not directly measure ecological degradation,
such as increased soil salinity from irrigation, which could affdature bioproductivity.
However, if degadation leads to reductions in bioproductivity, then this loss is captured
when measuringBiocapacityin the future. Moreover, by looking at only the aggregate figure,
‘under-exploitation’ in one area (e.g. forestspan hide overexploitation in another aea (e.g.
fisheries).

5. Resilience of ecosystems: footprint accounts do not identify where and in what way the
capacity of ecosystems areulnerable or resilient. The footprint is merely an outcome
measure documentig how much of the biosphere is being used compared with how
productive it is.

Several aspects of usage of the environment are not addressed in the National Footprint and
Biocapecity Accounts and are often discussed. Kitzes et al. (2009a) sum up the mostnenon
guestions of Ecological Footprint accounting, amongst others, regarding to water usage,
biodiversity, weighting coefficients and conclusions of the calculations. Biodivetsi is not
explicitly part of Ecological Footprint accounting and does not diretly affect human demand.
Kitzes et al. (2009a) stated that (1) Ecological Footprint is an indicator of drivers and pressures
causing biodiversity loss (2) Ecological Footprinttanslates the consumption into a specific local
land area from which in turn dfects biodiversity and (3) humans demand resources that are in
direct competition with consumption needs of wild species (Raven and Wackernagel 2020).

It is commonly known that Ecological Footprint is simplified view of a very complex system
(Kitzes et d 2009b). Ecological Footprint accounts are a descriptor of one particular aspect: how
much biologically active area is used compared to how much is regeneratéids thus of the utmost
importance to remember these limitations and constraints of EcologidaFootprint when
discussing the results, and interpret them with the necessary caution. Howeverne of the
strengths of the model is the wellestablished methodology, its clearesearch question, its
historical continuity and stability, and the continuousadaption to new findings, data sources and
methodology over 20 years leading to improved scientific robustness of the accounts (Kitzes et al.
2009b, Lin et al. 2018, EEA 2020J-urther assets of Ecological Footprint accounting are that the
indicator is cdculated consistently across all countries (using UN data as a neutral, generally
accepted data input) and the calculations are updated annually, now covering the period of 1961
2016. The NFAs are descriptive, not normative. They do not provide any condluss about who
should be using what kind of resourcesand does not provide any suggestions to reduce the
Ecological Footprint or even respond to moral and ethical questions (Kizs et al. 2009a). It is a

11



tool to help to inform about social and political cloices (Kitzes et al. 2009a) and can be used to
estimate the effects of possible decisions to increase their own resource security.

24 Methodology

2.4.1 Calculation of National Botprint Accounts

National Footprint and Biocapacity Accounts are primarily beaed on UN and pardJN data sources
including FAOstat, UN Comtrade, IEA (Kitzes et al. 2009b). These data platforms receive the data
from national statistical offices that are reponsible for the accuracy of provided data. Kitzes et al.
(2009b) emphasize that high resolution, accurate data sets are available for many highcome
countries. STATEC, the National Institute of statistics and economic studies of the Grand Duchy of
Luxembourg is scientifically independent and provides data in neutrality.

The calailation of the Ecological Footprints and Biocapacity of Luxembourg is based on the

National Footprint Accounts (NFA) (2019 edition) provided by Global Footprint Network. The
NFAcalculation is documented in Excebased workbook with several interconnectedsheets. This

workbook starts from slightly cleaned input data from FAOSTAT, UN Comtrade and IEA and then
calculates the necessary amount of gha to produce the goods and to absthib wastes in its

AOOGATI PO O1I AOGOEI AGA AT O1 O aiewkddWorkghéets fobteRliffededts 4 EA |
i1 OPOET 60 EO CEOAT ET O71 OEET C ' OEAAAITTE O OE
(Lin et al. 2019). The different worksheets smmarize the footprints of production (EF), imports

(ER) and exports (EE) and consumption (EF), where the EFR is the footprint that gets affected

by the structure of the domestic economy. (EH EFR - ERe = ER).

The first step of the work consisted in the calculation of the EF of Luxembourg for 2016 by using,
to the extent posshAl Ah T AOET 1T Al AAOA OI OOAAO j A8C8 34! 4 n#
Thus, results obtained from national databases have been compalto the Ecological Footprint
calculation of Luxembourg for 2016 supplied by Global Footprint Network. By filing ughe Excel
workbook, it is possible to conclude on the similarity of the data. Except of some differences,
mainly arising from more recent data, no notable discrepancies occur using the data from one or
another source. As previously discussed by Hild et 42010), data is often needed in specific units
or in a specific compilation that are not available nationally, especially with regards tthe
Standard International Trade Classification (SITC) categories. For these commodities,
international data was usedonly. The related data sources for the calculation by IBLA of NFA 2016
and NFA 2018 are presented in the following sections.

According tothe Working Guidebook (Lin et al. 2019):

ef _carborsummarizes the carbon Footprint of fossil fuel combustion and elegtity trade
(for the Standard International Trade Classification (SITC) categories, exports and imports
for each good);

ef _cropsummarizes the Footprint of cropland embodied in crop prodats and feed
products for livestock and fish;

ef grazingsummarizesthe Footprint of pasture and grass embodied in livestock products;
ef fishsummarizes the Footprint of marine and inland water areas embodied in fish and
other aquatic products;

ef_foressummarizes the Footprint of forest products Footprint embodied in pmary and
secondary forest products;

ef_buildsummarizes the Footprint associated with infrastructure;

biocapOA DT OO0 A AT O1 O0OU 8 CBiodapaci®ivéach@iki@ BixhAd ufeOA A AT .
types.
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According to the Ecological Footprint Atlady Qobal Footprint Network (Ewing et al.2010), the
Ecological Footprint calculates the combined demand for ecological resources wherever they are
located and presents them as the global averagyea needed to support a specific human activity.
This quantity is e&pressed in units of global hectares, defined as hectares of bioproductive area with
world average bioproductivity. By expressing all results in a common uBitpcapacity and
Footprints @n be directly compared across land use types and countries. Denfiandesource
production and waste assimilation are translated into global hectares by dividing the total amount
of a resource consumed by the yield per hectare, or dividing the waste ethltly the absorptive
capacity per hectare. Yields are calculated lealson various international statistics, primarily those
from the United Nations Food and Agriculture Organization (FAO ResourceSTAT Statistical
Databases). Yields are mutually exclusiveétwo crops are grown at the same time on the same
hectare, one poiibn of the hectare is assigned to one crop, and the remainder to the other. This
avoids double counting. This follows the same logic as measuring the size of a farm: Each hectare is
only counted once, even though it might provide multiple services.

The Ectogical Footprint, in its most basic form, is calculated by the following equatibx. 1)
(0]

00 -
w

here D is the annual demand of a product and Y is the annual yield of the same product. Yield is
expressed in global hectare&lobalhectaresare estimated with the help of two factors: the yield
factors (that compare national average yield per hectare wworld average yield inthe same land
category) and the equivalence factors (which capture thedative productivity among the various

land and sea area types).

Therefore, the formula of the Ecological FootpribecomegEq. 2)

U .
00 —z2w'®@0v O
w

where P is the amount of a product harvested or waste emitted (edaaDanua @above), ¥ is the
national average yield for P, and Yéhd EQF are the yield factor and equivalence factor, respectively,
for the country and laml use type in question. The yiefactor isthe ratio of nationatto world-
average yields. It is calculated as tlmnual availability of usable products and varies by country
and year.Equivalence factordranslate the area supplied or demanded ofspecfic land use type
(e.g. world aerage cropland, grazing land, etcifjito units of world average biologically productive
area: global hectaresnd varies by land use type and year.

Annual demand for manufactured or derivative products (eflgur or wood pup), is converted into
primary product equivalents(e.g. wheat or roundwood) through the use of extraction ratdiese
guantities of primary product equivalents are then translateitito an Ecological Footprint. The
Ecological Footprint alsembodies the mergy required for themanufacturing process.

The Ecological Footprint of consumption for a given country measuresBloeapacitydemanded by

the final consumption of all the residents of the country. This includes their household consumption

as well as heir collective consumipon, such as schools, roads, fire brigades, etc., which serve the

Ei OOAEIT 1 Ah AOGO 1T AU 1106 AA AEOAAOI U PAEA &I O AU
production Ecological Footprint is the sum of the Footprints for adlsources harvested arall waste

CAT AOAOAA xEOEET OEA Al O1 O0OU8O CAI COAPEEAAI AT O
necessary for supporting the actual harvest of primary products (cropland, grazing land, forest land,

N s oz oA, N~ oA
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needed to absorb fossil fuel carbon dioxide emissions generated within the country (carbon
Footprint). The difference between the production and consumption Footprint is trade, showthdo
following equation (Eg. 3)

00 00 00 00
where Ekis the Ecological Footprint of consumption, EiS the Ecological Footprint of production,

and EFand ER are the Footprints of imported and exported commodity flows, respectively.

In order to measure thFootprint of imports and exports, one needs to know both the amounts traded
as well as the embodied resources (including carbon dioxide emissions) in all categories. The
embodied Footprint is measured as the number of global hectares required to makereetper year

of a given product.

Global biocapacity
{direct and indirect demand)

Exports Impaorts

Domestic Biocapacity Global Biocapacity
[direct demand) (indiract demand)

Figure2: Calculation of the Ecological Footprint of Consumption (Ewing et al. 2010)

The National Footprint Accounts, 2010 Edition track the embodied Ecological Footprint of over 700
categories ofraded crop, forest, livestock, and fish products. The embodied carbon dioxide emissions
ET 19w AAOACI OEAO T £ DOI AOGAOO EO OOAA datthésE OOAAA
(UN Commodity Trade Statistics Database 2007) to ca#telthe emboded carbon Footprint in
traded goods. Throughout the National Footprint Accounts, the embodied Footprint of trade is
calculated assuming world average Footprint intensities for all products. Using wan@rage
efficiencies for all traded gocglis an overstimate of the Footprint of exports for countries with
higherthan-A OAOACA DHOT ACAOCET T AEAZEAEAT AUs )T 0001 h EC
consumption. For countries with belowverage transformation efficiencies for secondaryqaiucts,
the goposite is true: An underestimate of the embodied Footprint of exports yields an exaggerated
Footprint of consumption. The Footprint intensity of any primary product is by definition the same
anywhere in the world since it is expressed in gdbhectaresHowever, the embodied Footprint of
OAATT AAOU DOl AOGAOOG xEI 1 AAPATA 11 OOAT O&I Oi AGET 1
between countries.
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A national Biocapacity calculation starts with the total amount of bioproductive land avaible.

O" Ell DOAOCEOAS OAEAOO OI 1T AT A AT A xAOAO OEAO 0OODBTE
accumulation of biomass, ignoring barren areas of low, dispersed productivity. This is not to say that
areas such as the Sahara Desert, Antarctica, oriddpmountaintops do not support life; their
production is simply too widespread to be directly harvestable by humaB®capacity is an
aggregated measure of the amount of land available, weightydthe productivity of that land. It
represents the abilityof thebiosphere to produce crops, livestock (pasture), timber produgftsrest),

and fish, as well as to uptake carbon dioxide in forestaldb includes how much of this regenerative
capacity is occupied binfrastructure (built-up land). In short, itmeasures theability of available
terrestrial and aquatic areas to provide ecological services. AT OBiddapatidyfor any land use
type is calculated a¢Eq. 4)

66 62®®00 0

where BC is th8iocapacity, A is the area available for given landuse type, ad YF and EQF are the
yield factor and equivalence factorgspectively, for the country land use type in question. The yield
factor is the ratio of national to world average yields. It is calculated the annualavailability of
usable products and variely countryand year. Equivalence factors translate the area supplied or
demandedof a specific land use type (e.g. world average cropland, grazing lat) into units of
world average biologically productive aa (globalhectares) and varies by land agype and year.

To compare the NFA of different countries, political units or the world, the ecological deficit and
the number of planets used, are calculated as follows based on the EF &mtapacity (Eq. 5).

00 0OOzo60
where EDis the ecological deficit (gha), ERcis the national Footprint of consumption (gha)and BC
is the national Biocapacity(gha).

00
nNawe Q—B—J—Q
00

where ER: is the national Footprint of consumption (gha) and BCyobal is the average global
Biocapacity(gha).

To highlight the relation between sum of the Footprints or between the Biocapacity and statistical
key figures, the Pearson correlation coefficient has been calculated. Assuming independency of
the observations, normal distribution of the variables anda linear relation between the variables,
the correlation is calculated according to (Eq. &chdnwiese 2000)

B ® ® B ®» ®

Where rxyis the PEARSORNorrelation between X and Y, n is the sample size, theaXd Y, are a pair
of random variables,iand are themeans of X and Y.

First, the calculation of the NFA of Luxembourg by Global Footprint Network for the year 2016

(Global Footprint Network 2016) was checked in terms of the data used. The accounting carried

out by Global Footprint Network uses internatioral databases. In the study at hand, the dataset

for the NFA consisting 0f~5.400 data points for 2016 was checked to see if better and more

accurate data were available in national databases (IBLA 2016). National data were obtained from

the National Institute of statistics and economic studie8 4 ! 4 %# AT A OEA 3 AOOEAA Aq
(SER). The NFA for 2016 was recalculated based on these natibt@tasets and compared to the
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accounting by Global Footprint Network (see chapter 3.2). In a second step, the Nf&dculation
was performed for 2018 based on the same available dataset (IBLA 218). The year 2018 was
chosen for the calculation of the newesiNFA of Luxembourg as almost all national statistics for
that year were available when the project started at thend of 2019. Whenever the data for 2018
was not yet available, the data from 2017 was used. The different Footprints for cropland, forest
land, grazing land, fishing grounds as well as the carbon Footprint are depicted in time series from
1961-2018 to showtheir development and fluctuations over the years and correlationbetween

the factors are evaluated.

2.4.2 Consideration ofspecific Footprints

It was of special interest to identify some ofthe factors that play an importantrole for the
Luxembourgish Ecological Footprint A few aspects are being highlighted that afgeculiarities of
Luxembourg: Traffic and fuel consumption, ad cross border commuters.

Fuel consumption and traffic Footprint: The impact of fuel tourism and the high number of
commuters from abroad, which is commonly seen as one of the most important factors increasing
the EF, is examined using national Luxembouigh studies. Theconsumption of fuel by cross-
border commuters and transit traffic is mainly assessedased onenergy consumptiondata by
STATEQ2020) and traffic data by Ewringmann (2016). Energy consumption inGWh(Table 14)
and travelled vehicle kilometers (vkm Table B) have been translated into related amounts of
energy and C@ using the key metrics shown in Tabld.. These nillion t of CQ, can be converted
into global hectares (gha) usinghe Footprint intensity of carbon (Table 2).

Tablel: Conversion factors fuel consumption (GWh) into gha for petrol, car diesel, truck diesel and kerosene
(*Schmied &Kndrr 2011; **UBA 2019).

kwWh H kg CQIL kg CQ 100 km?
petrol 8.672 2.373 23.3
car diesel 9.792 2.653 20.8
truck diesel 10.04* 2.65*
kerosene 11.9** 3.15**

The main conversion factors are listed in the NFA 2019 editiorrnst_carbon(Global Footprint
Network 2019):

Table2: Conversion factors according to NFA 2019 edition, cnst_cé&@iobhal Footprint NetworR019).

Name Unit Value

C to CoRatio tC(tCe)1 0,27
Carbon Sequestration Factor [t C whalyr-1] 0,73
Ocean Uptake Fraction [-] 0,301
National Electricity Carbon Intensity [Mt CQx (GWh)1] 8,30E-05
Regional Electricity Carbon Intensity [Mt CQx (GWh)1] 2,91E04
World Primary Energy Carbon Intensity tCOGH 5,61E02
Total Primary Energy Supply [PJ] 154,493
Footprint Intensity ofCarbon [gha (t CQ(yr-1))1] 0,334

2 https://www.energie -gedanken.ch/umrechnungsfaktoren/, Accessed 20.05.2020
3 https://www.helmholtz.de/erde_und_umwelt/wie -viel-co2-steckt-in-einem-liter -benzin/, Accessed
20.05.2020
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Crossborder commuters Footprint: To evaluate the impact of croskorder commuters on the
Luxembourgish EF, the household final consumption expenditures (HFCE) of Luxembourg and the

study by Mathéa et al. (202) on the expenditures of crossborder commuters in Luxembourg for

different categories of consumption have been put in relation teach other(Table 3). HFCE on the

territory in 2010 have been 14,713- E1 I ET 1 O o 20004MEDRET 10 CTAEC ¢mnp Y
2020). The percentage HFCE mon-residents on the territory made up about 23.3 % of total HFCE

in 2010. Crossborder commuters working in Luxembourg contribute, according to Matha et al.

(2012) with p h 0 p v te HFCH, &quallig 8.9 % of total HFCE.

Matha et al. (2012) investigated the productrelated, crossborder consumer behaviour. The

household survey among cros®order commuters from Belgium, Germany and France included

the following product categories: fuel, alcohol, tobeco, food, clothing, autorative, furniture

AopPpA1 OAO8 )1 ¢mpn8 w8omm O PAO AT ii OOAOh xEEAE E
Luxembourg. In total, commuters spend about 9 %f HFCE on the territory (accommodation,

electricity, water, gas etc. not included)The expendtures of the crossborder commuters for the

different HFCE categories are related to the HFCE on the territory for the corresponding
categories. The percentage in 2010 is used to calculate the portion of crdssrder commuters on

the Ecological Footprint br these categories (Tablel8).

Table3: Household final consumption expenditures (HFCE) in 2010 andSZ0ABEL2020). HFCE by
commuters on the territory according to Matha et al. (2p1

2010 2018
- ET1 1 HFCE, 1000 |- EI 1 8HFCE, 1,000
(%) persons (%) persons

HFCE on the territory 14712.6 20003.5
HFCE by nomesidents on the 34245 23.3 3997.6 20.0
territory
HFCE by commuters on the 1315.2 8.9
territory
HFCE by resideaabroad 1088.7 7.4 1271.1 6.1
Inhabitants 502.1 602.0
Employees 340.6 427.4
Crossborder commuters 151.9 186.0

Food Footprint: The assessment of the Food Footprint is based on the NFA 2018 for Luxembourg.
Theecological botprints of the imports, exports and production of the different food products are
compiled from the carbon Footprint, the cropland Footprint and the grazing land FootprintThe
overall food Footprint of consumption is calculated usingequation 3: EE= BR + ER 7 ER

The NFA, however, does not provide any possibility for modelling directly the impacts of political
measures and frameworks. Therefore, national studies need to be considered in order to evaluate
the impact of environmental and energy politcs: the data from these studies is used to calculate
and assess their prospective effects on the EA&dditionally, he reduction potential is assessed for
the following issues:

- increase ofrenewable energiesand electro mobility according to the Nationd Climate Action
Plan 2021-2030 (NECP; MEAT & MECDD 2020)

-impact of service AT D1 T Wdkkplaces (Maas et al. 2012, Ministére du Travail 2017, STATEC
2020) and data centres and
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- redudion of household and food waste (Schaeler et al2019). Many of these approaches are

also discussed in various environmental action plans.

The related studies and key parameters are described in the particular section Chapter 3.

25 Characteristics of the Gran®uchy of Luxembourg

The surface of the GraneDuchy of Luxembourg is 2586kn?, of which 52.6% (131,384 ha) are
agricultural landj 3 AOOEAA A8 %AT 1 .10f theBe 1313k, ATB% (6208 la)Chre
arable land and 50.9% (66,923 ha) grasslantserVE AA A8 %AT 1 1 | E Ahe popudaéion A h
of the GrandDuchy of Luxembourg has seen a drastic increase over the last decade from 493,500
in 2008 to 613,894 in 2018 STATE020) and is expected to reach 938,416 by 205(Eurostat,
2017). The active population of Luxembourg was 280,235 in 2018 and an additional 196,808
cross border commuters worked inLuxembourg, making up over 40% of the total workforce in

Luxembourg (STATEC 2021
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From an economic point of view, Luxembourg is one of the wealthiest countries in Europe with a
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(2019), the increase of2.6 % of the GDP in 2018 is mainly due to expaos of the private
consumption. The economic strength of Luxembourg is the tertiary sector since, services
represent 87.7 % of the valueadded shares. Luxembourg as a small country is very important at
the Euopean scale: many finance, insurance or othemuiness institutions have their head offices
situated in Luxembourg benefiting from advantageous taxes, the good connectivity with other
countries and a dynamic environment. Therefore, a lot of commuters firttieir job in Luxembourg
and the national populdion is continuously growing. Luxembourg mainly relies on imports of
items to fulfil the national consumption need. Even though trading partners of Luxembourg are
mainly European countries (89 % of the goodare exported to European countries and 84 % of
services); there is a need to implement a more circular economy for ecological and sustainable
purposes (OECD 2019).

While the total energy supply per capita was 6.3 tonnes of oil equivalent (toe) in 2017 wdhi

exceed by far, 4.1 toe for the OECD averagenewable energy in Luxembourg amounts to 6.9 %

El cmpx jpmn8c b i1 AOAOACA ET OEA / %#$qs 4EAU Aj
be to lower the actual energy consumption per capita and to prodecand import more renewable

energy, thus, reduang the 14.6 t of C@emissions per capita from fossil fuels (2016) (9 t of GO

emissions per capita from fossil fuels in the OECD).

However, Luxembourg has already diminished the energy and gtensity of production in the
past years, as shown in Figurd, panels A and B, partially through an increase in the share of
renewable energy in the national energy mix. The G@missions per GDP have drastically been
reduced since 2010 which is related to lower primary energy supply per GDPWhile the EFc of
Luxembourg is the second highest in an international comparison, the energy intensity of
economic income is below OECD averagel x AOAOh , OAIl AT 6OC80O DPAOAN Of .
the OECD averages. The renewable egg supply is still lower as the OECD average slgite a
significant progression in the recent years (see panel C in Figure 1). In 2017, 73 % of the
population is exposed to air pollution, in particular small particle emissions (> 10 ug ), a larger
proportion than the OECD average (58.7 %) (Panel D kiigure 1). The principal explaining factor

is the share of emission created by road traffic. Within the economic survey of Luxembourg, the
OECD suggest that new policies on €€missions are necessary andhat improvements have to
be done to facilitate e public transport as well as, to develop the electric mobility in particular
for private car drivers. The total municipal waste (0. per capita) is also higher than the OECD
average of 0.5 {Panel_E in Figure 1)although about half is already recyck a third is incinerated.
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3 Results
3.1 Data References @ mparison of availability of National Data and accessible Global Data

3.1.1 Carbon Footprint

The carbon Footprint represents the area of forest land required to sequester anthropogenic carbon
dioxide emissionfNFA 2019). Several parameters such as the emissions from fossil fuels and other
energy sources angdthe embodied emssions resulting from the consumption, production and
transport of goodsprovide the carbon Footprint. They are recorded m Table4. The total amount

of carbon dioxide is converted into global hectares according to the calculation method of the NFA
2019.

Emissions from fossil fuels, emissions from gas flaring and sources other than fossil fuels and,
emissions from international transport bunker fuels are described inOEA |, O@GAIT AT 6OC6 O
Inventory Report 1990-2018 (see Table4), submitted to the European Environment Agency
Concerning the international trade in electricity, amounts of produced and traded electricity for

2018 come from the national statistics portaSTATE@G OOAOAAOQET 1T %l AOCUh %Il AO«
balance by type of energy products 200-¢c tp Y8 | A Natiohal data Aources have been
OOEI EUAAR A&BADD wikiERetSdEAiciOdan comes from the UN Commodity

Trade Statistics Database Annual International Trade Statistics by Country, Luxembourg 2018

(see Table4) since, national statistical databases for traded items are not available. This
worksheet could not be exactly updatediue to the use of different classification codes between

the source of the data (UN Commaodity Trade Statistics Database) and the EXidelprovided by

the Qobal Footprint Network.

Table4 Data sources used for the calculation ofetltarbon footprint

Emissions fossil_efp , O@AT AT OO C dn@entorARR DIt 199012018 2018
from fossil https:/ /environnement.public.lu/fr/loft/air/inventa
fuels ires-emissions/inventaire -ges.html(accessed
07.2020)
International  carbon_efi_efe ~ UN Commodity Trade Statistics Database 2018
trade https://trendeconomy.com/data (accessed 05.2020)
quantities by
community
Emissions other co2 efp , OBAT AT OOC8O . AGET T A} ) 12018
from gas 2018.
flaring and https://environnement.public.lu/fr/loft/air/inventa
sources other ires-emissions/inventaire-ges.html(accessed
than fossil 07.2020)
fuels
Emissions Int_transport , OAT AT OOC60 . ACET T AL ) 12018
from 2018.
International https://environnement.public.lu/fr/loft/air/inventa
Transport ires-emissions/inventaire-ges.html(accessed
Bunker Fuels 07.2020)
International  electricity_tade STATEC Energy 2018
trade in https://statistigues.public.lu (accessed 01.2020)
electricity

3.12 Cropland Footprint
The cropland Footprint reflectshe amount of land necessary to grow all crops consumed by humans
and livestock, including agricultural products, market animal feed, and cropped grasses used as
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https://environnement.public.lu/fr/loft/air/inventaires-emissions/inventaire-ges.html
https://environnement.public.lu/fr/loft/air/inventaires-emissions/inventaire-ges.html
https://trendeconomy.com/data
https://environnement.public.lu/fr/loft/air/inventaires-emissions/inventaire-ges.html
https://environnement.public.lu/fr/loft/air/inventaires-emissions/inventaire-ges.html
https://environnement.public.lu/fr/loft/air/inventaires-emissions/inventaire-ges.html
https://environnement.public.lu/fr/loft/air/inventaires-emissions/inventaire-ges.html
https://statistiques.public.lu/stat/ReportFolders/ReportFolder.aspx?IF_Language=eng&MainTheme=1&FldrName=4

livestock feedNFA 2019). Data source for the production andrea, as well as for imports and
exports areshown in Table5.

Table5 Data sources used for the calculation of the cropland footprint

Production crop_efp STATEC Agriculture 2018
(tonnes yrt) https://statistiques.public.lu (accessed 02.2020)

and area (ha)
2APDDPI OO ABAAQEOEOI c¢mpuyt
Duché duLuxé AT OOCh - ET EOOT OA
la Viticulture et du Développement Durable, février
2019
https://gouvernement.lu/fr/publicati ons/rapport -

activite/minist -agriculture-viticulture -protection-
consommateurs/magri/2018 -rapport -activites-

ma.html

(accessed 11.2019)
Imports and crop_efi_efe FAO Tradedatabases 2017
exports (1000 http: //www.fao.org/faostat/ (accessed 02.2020)

tyr1)

In order to have a consistent picturethe cropland Footprint is calculated withdata from 2017 for

both worksheetsO 0 O1 A GAdGEed T AA)A PT 000 AThAO ATDiveDEHE& Bas

been compiled with different 2017 data setsfrom STATECO1 OAT OEOEAO DHOT AOAAA 1
and fodder production (in tonnes) 1960c tp Y8 h 00 OT AOAQE i-¢im pl wB hO AAJ ARO ADASI (
production 2007-21t p (NG Bational data source provides the traded items quantitinecessary

01  &£O01 £E1  OEA OA thér&orel taeE mobt Adeént dath dinOilieAKO0DTrade
databasesi.e.from 2017, was used.

3.13 GrazingLand Footprint

The grazing land footprint assesses demand fpazing land to feed livestock and theréodied

demand for grazing land in traded gooddNFA 2019). Table6 shows the different datasets that

required updatesusing more recent data products used as animal feed, production quantities of

1 EOAOGOI AE POT AOAOORh AT Ei Alswelladtraded BéstodOT AEh AT Ei A

The portal STATEC Agriculture is the main source for the production data of the
Oi AOEAO AAAA QGd bdd prodluctieris OffcOds Anfll fodder, meat, dairy products
(eggs, milk), and honey. Some missing data, forogr and animal productions as well as fisheries,
come from the FAO Production and Fisheries databases (see TaBle Quantities of traded
products used as animal feed all come from the FAO databases. The feed amount for each item has
been found in the FAO Bw Food Balances databases. No recent data neither for the production of
oils and seedcakes, nor for the feed amount of these items couldfband. In order to respect data
coherence, used data for this worksheet are from 2017.

4EA x1T OEOEAAOA O®IOAR_ 10OAOEIBACOAOET ¢ OEA 0001 AOD
POl AOGAOOGoh EAO AAAT AT i PEI AA xEOE HAdpatorzdd | ¢mpy
of the Ministry of Agriculture, Viticulture and Rural development (see Table 4).Stock of animals

AT A Ol AOCEOAOAAT ®BLEKEGAGEIRE AAA] GJ okéa EdtdCod 2018 are
available,have been derived from the nationastatistics portal STATEC. The FAO Trade database

for 2017 has been used to complete the imports and exports of éstock.
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https://statistiques.public.lu/stat/ReportFolders/ReportFolder.aspx?IF_Language=eng&MainTheme=1&FldrName=4
https://gouvernement.lu/fr/publications/rapport-activite/minist-agriculture-viticulture-protection-consommateurs/magri/2018-rapport-activites-ma.html
https://gouvernement.lu/fr/publications/rapport-activite/minist-agriculture-viticulture-protection-consommateurs/magri/2018-rapport-activites-ma.html
https://gouvernement.lu/fr/publications/rapport-activite/minist-agriculture-viticulture-protection-consommateurs/magri/2018-rapport-activites-ma.html
https://gouvernement.lu/fr/publications/rapport-activite/minist-agriculture-viticulture-protection-consommateurs/magri/2018-rapport-activites-ma.html
http://www.fao.org/faostat/

Table6: Data sources used for the calculation of the grazing footprint

Products used market feed STATEC Agriculture 2017
as animal feed _supply https://statistigues.public.lu (accessed 05.2020)

FAO Production and Trade databases
http:/ /www.fao.org/faostat/ (accessed 05.2020)

FAOFishStatJ Fisheries Statistical Database
http://www.fao.org/fishery/statistics/software/fishst
atj (accessed 02.2020)

Production prodstat iv 2 ADBPI OO0 ABAAOEOEOiI ¢mpyh 2018
quantities of estock_n DuchéeAO , O@Ail ATl 6OCh - ET EOOT
livestock Viticulture et du Développement Durable, février 2019
products https://gouvernement.lu/fr/publications/rapport -
(tonnes year?) activite/minist -agriculture-viticulture -protection-
consommateurs/magri/2018 -rapport -activites-
ma.html
(accessed 11.219)
Number of resourcesat  STATEC Agriculture 2018
animals in livestock_n  https://statistiques.public.lu (accessed 11.2019)
stock (heads or
1000 heads) 2ADPDPI OO0 ABAAOQCEOEOI c¢mpuyh
Duchéed , OAI AT 6OCh - ET EOQOI
Viticulture et du Développement Durable, février 2019
https://gouvernement.lu/fr/publications/rapport -
activite/minist -agriculture-viticulture -protection-
consommateurs/magri/2018 -rapport -activites-
ma.html
(accessed 11.209)
Animal weights = cnst_grazing STATECAgriculture 2018
(tonnes head?) https://statistigues.public.lu (accessed 05.2020)
Imports and livestock_& FAO Trade Statistical Databases 2017
exports of _efe http://www.fao.org/faostat/ _ (accessed 02.2020)

livestock (1000
tonnes year?)

3.14 Fishing Grounds Footprint

The Fishing Grounds Footmi represents the demands of fisheries on aquaimsystems as the
is a landlocked country with no access to the sea or oced#o commercial fshing activities are
conductedin the country; it relies only onimports of fisheries. These data can be found on the
FAO Fisherieglatabase (see Tabl&), only for 2017.

Table7 Data sources used for the calculation of the fishing grounds footprint

Imports and fish_efi_efe FAO FishStalFisheries Statistical Database 2017
exports http://www.fao.org/fishery/statistics/software/f _ishstatj
(tonnes year?) (accessed 02.2020)

3.15 Forest Products Footprint
The Forest Products Footprint represents the area of world average forest land needed to supply
wood for fuel, construction, and pap€NFA 2019).
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https://statistiques.public.lu/stat/ReportFolders/ReportFolder.aspx?IF_Language=eng&MainTheme=1&FldrName=4
http://www.fao.org/faostat/
http://www.fao.org/fishery/statistics/software/fishstatj
http://www.fao.org/fishery/statistics/software/fishstatj
https://gouvernement.lu/fr/publications/rapport-activite/minist-agriculture-viticulture-protection-consommateurs/magri/2018-rapport-activites-ma.html
https://gouvernement.lu/fr/publications/rapport-activite/minist-agriculture-viticulture-protection-consommateurs/magri/2018-rapport-activites-ma.html
https://gouvernement.lu/fr/publications/rapport-activite/minist-agriculture-viticulture-protection-consommateurs/magri/2018-rapport-activites-ma.html
https://gouvernement.lu/fr/publications/rapport-activite/minist-agriculture-viticulture-protection-consommateurs/magri/2018-rapport-activites-ma.html
https://statistiques.public.lu/stat/ReportFolders/ReportFolder.aspx?IF_Language=eng&MainTheme=1&FldrName=4
https://gouvernement.lu/fr/publications/rapport-activite/minist-agriculture-viticulture-protection-consommateurs/magri/2018-rapport-activites-ma.html
https://gouvernement.lu/fr/publications/rapport-activite/minist-agriculture-viticulture-protection-consommateurs/magri/2018-rapport-activites-ma.html
https://gouvernement.lu/fr/publications/rapport-activite/minist-agriculture-viticulture-protection-consommateurs/magri/2018-rapport-activites-ma.html
https://gouvernement.lu/fr/publications/rapport-activite/minist-agriculture-viticulture-protection-consommateurs/magri/2018-rapport-activites-ma.html
https://statistiques.public.lu/stat/ReportFolders/ReportFolder.aspx?IF_Language=eng&MainTheme=1&FldrName=4
http://www.fao.org/faostat/
http://www.fao.org/fishery/statistics/software/fishstatj

As indicatedin Table 8, the production data of forest products comes from thenational statistics

portal STATEG O&1T OAOO ppiHG@Aadridh OOETIC AAOA T £ ¢npyh /
&1 OAOOOU OOAOEOOEAAT AAOAAAOA j UAAO Eim@AQ@O O0A £RA; A
has only beencompiled with date fromthe FAO databases for 2018 (see Tal).

Table8 Data sources used for the calculation of the forest products footprint

Production (tonnes, forest efp STATEC Agriculture 2018

m-=3or m=3 https://statistiques.public.lu (accessed 02.2020)

roundwood

equivalent) FAO Forestry Statistical Datafises
http://www.fao.org/faostat/  (accessed 02.2020)

Imports and exports  forest_efi_efe FAO Forestry Statistical Databases 2018

(1000 t yr1) http://www.fao.org/faostat/ (accessed 02.2020)

3.16 Build-up Land Footprint

The builtup land Footprint represents bioproductive land that has been physically occupied by
human activities (NFA 2019). Nodirect update is necessary forthis parameter since the
infrastructure area indicated in the hfrastructure_efpdworksheet is used fom the worksheet
OAET POIT A Grafed) fhe ikfadricture area is multiplied with the crops yield factor, the
equivalence factor and the intestemporal yield factor (Eq. 2, Table 12) taalculate the builtup

land Footprint.

3.1.7 Biocapacity

Biocapacityrefers to the amount of biologically productive land and water areas available within
the boundaries of a given countridiocapacityis calculated for each of the five major land us@ég:
cropland, grazing land, fishing grounds (marine and inland watgr$orest, and buikup land (NFA
2019).

Both national and worldwide databaseswere utilized to update the surface area within the
OAET POI A Owoidhérised Tadled) STheBiocapacity has been calculated with data from
2018. Cropland, Grazing landand Total area surface areas come frolSBTATEC while Fishing
Grounds and Forest Land derive from the FOA databases.

Table9 Data sources used for the calculatiar the Biocapacity

Land areas of bioproductive_area STATEC Agriculture 2018
cropland, grazing https://statistiques.public.lu (accessed
land, forest, other 02.2020)
wooded land,
inland waters, FAO ResourceSTAT Statistical Database
and build-up land htt p://www.fao.org/faostat/ _(accessed
01.2020)

3.2Results ofEcological FootprintCalculation

Results of the comparison of the use of worldwide databasesF82016) and the implementation
of national data sources (IBLA 2016) areisible in Table 10 and Figure 4and detailedresults are
available in Appendk A1, A2 and A3. The differences between the results are small, theeF of
consumption (ER) amounts to 7,433,853 gha forGlobal Footprint Network 2016 instead of
7471,455¢gha for (IBLA 2016), resulting in a difference of 07 gha capita.
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Table10: Comparison ahe EFof Consumption Efor 2008 (Hild et al. 20102016(Global Footprint Network
2016), 2016 and 2018oth IBLA)Calculated EF2018 using part or entire dataset from 2017 are indicated by

afF € ®
Hild et al. GFN IBLA IBLA

[gha] ER:2008 ER:2016 ER:2016 ER:2018
Crop 392,832 511,979 516,457 604,722*
Grazing 82,907 364,418 366,071 343,469*
Forest Products 220,024 652,177 652,177 830,507
Fish 28,886 85,510 85,482 79,109*
Built-up Land 118,934 47,037 96.455 105,521
Carbon 4,700,273 5,772,731 5,754,803 5,662,111
Total 5,549,008 7,433,853 7,471,445 7,625,367

Hild et al. GFN IBLA IBLA
[gha capita?] EFRc2008 EFRc2016 EFRc2016 EFRc2018
Crop 0.84 0.89 0.90 1.00*
Grazing 0.18 0.63 0.64 0.57*
Forest ForesProducts 0.47 1.13 1.13 1.38
Fish 0.06 0.15 0.15 0.13*
Built-up Land 0.27 0.08 0.17 0.17
Carbon 10.02 10.03 10.00 9.41
Total 11.82 12.91 12.98 12.67
Biocapacity Deficit 10.22 11.67 11.63 11.34
Planet Earths 7.92 7.96 7.77

)y £ OEA

x I Oh vas ingbuhderldentidalEsdcioeconomicconditions, and experienced

the same production and consumption patterns as a resident of Luxembourg the number of
planets demanded is calculated to be.77in 2018 corresponding to a total of7,625,367 gha and
12.67 gha per capita (Table10). The Ecologi@al Footprint calculations by Global Footprint
Network and IBLA are nearly identical for the year 2016: 12.9gha capital (Global Footprint

Network 2016) and 12.98gha capita! (IBLA 2016). According to Global Fatprint Network, in the

last decade (betweer2008-2018), the per person demand in Luxembourg hadecreased by2.81
global hectares per person. The number of planets increased, because there is currently less
biocapacity per person than back in 2008 Meanwhile the population of Luxembourg has
augmented by approximately 29 % in this period.

The global biocapacity per capita was 1.63 gha in 2016. Luxembourg with a biocapacity of only
1.32 gha has a lower capacity to provide the needed resources or to absohle manmade waste.
The global Ecological Faprint in 2016 was 2.75 gha capital (Table 11). While this Ecological
Footprint still exceeds the global biocapacity, the biocapacity deficit is much smaller than that of
Luxembourg as an individual country (E2016 = 11.63gha capital; ED 2018 = 11.7@ha capita

1). This is also much higher than the ED of the EU27 + UK 2016. In other words: while the global
population needs 1.69 planets for its resources and absorb its wastes and emissions, Luxembourg
needs clee to 8 planets (7.96lanets in 2016 and 777 planets in 2018) (Table 11).
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Figure4: Ecological Footprint of Consumption by a land use ty84.8 (NFA 2018)

Biocapacity

Net Footprint of Imports
Footprint of Production

Footprint of Consumption

Figure 5: Ecological Footprint and Biogaacity 2018 (NFA 2018)

Comparing IBLA 2016 and IBLA 2018: the ERn ghaper capita isequal with 12.98 in 2016 to
12.67in 2018. However,153.922 gha more were consumed in 2018 compared to 2016. Thuss
the population of Luxembourg has increased over ik time period, the total gha has naturally
increased as well The ecological Footprint of consumption by the land use types as well as the
Ecological Footprint and Biocapacity for 2018 are depicted iRigures 4 and 5.
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Tablell: @mparison of the &vlogicalFootprint and Biocapacity(gha capital) of the World, the EU 27 + UK
and Luxembourg in 2016 and Luxembourg 2018. (World 2016 and EU 27+UK 2016: EEAX@0R@urg
2016 and 2018: own calculation)

Ecological World 2016
Footprint &
Biocamacity

EU 27 + UK 2016

Luxembourg 2016 Luxembourg 2018

Carbon Footprint
Built-up Footprint
Fish Footprint
Forest Products

Grazing Footprint
Crops Footprint

Total

Total Biocapacity

Footprint

Ecological
Footprint

1.65
0.06
0.09
0.27

0.14
0.53
2.75

1.63

2.76
0.11
0.14
0.55

0.23
0.8
4.59

2.06

10.00
0.17
0.15
113

0.64
0.90
12.98

1.35

9.41
0.17
0.13
1.38

0.57
1.00
12.67

1.33

The results and evaluation of thdecological Footprint of land type (crop, grazing, forest products,
fish, built-up land and carbon) as well as the calculation of the biocapacity are presented in detail
in the following sections.

3.2.1Cropland Footprint
In 2018, the cropland Footprint cownts for 8 % of the total Ecological Footprint of consumption in
Luxembourg. It repesents 604,722 gha namely, 1.00 gha persdmas shown in Figure 1 below. Looking
at the time trends of cropland Footprint (see Figure 6), the cropland Footprint globally teds to

decrease over time, even though fluctuations are visible. The last decadeosls a decrease of the
cropland Footprint which had reET AOAAOAA &£OT i
Footprint are related to the annual fluctuations of produed and imported amounts of crops for human
food and animal feedThe calculation o the cropland Footprint is based onthe crops imported for

human consumption, and animal feed and on the production of cropnd legumesin Luxembourg.

Besides the croplandrootprint, figure 6 shows the time series of the total production of cereals in
Luxembourg. Comparing the Luxembourgish animal production 2018 with 2010, milk production

increased by 38 %, egg production by 30 % and the number of pigs by 13 % and cattlegBf.
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Figure 6: Time trends of Cropland FootprinGlokal Footprint Network 2019, own calculationfor 2016 and
2018) and total production of cereals in Luxembourg (STATEC 2020).
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3.2.2Grazing Land Footprint

With an ER-of 343,469 gha, that means 0.57 gha perséngrazing land Footprintaccounts for 5%
of thetotal EF. Due to the low contribution in the total EF, grazing land Footprint is correlated by
0.23 with total EF. Nevertheless, Figur@ shows an increase of grazing land Footprint in time with
fluctuations. Since 2010, it can belserved that the grazirg land Footprint decreasesThe more
livestock and food of animal originis produced, the higher the feed demandThis demandis
provided by the crop and the grazing land FootprintLuxembourg has a surplus production of
dairy and aself-sufficiency for livestock of 107 % for cattle and 63 % for pigs (STATEC 202®or
dairy products and eggs, a 74,987 gha are exported and account for the carbon FootpriFiie
footprint s of food production and the demand of foodstuff (in global hectas) are describedin
detail in Table 20. The grazing land Footprint by the Global Footprint Network in 2008364,758
gha) and in 2016 (364,418 gha)and by IBLA in 2018 (343,469 gha)is in the same order of
i ACT EOOAA8 " OO0 ET OEA OlatioAraisdEfior B8380@iahAbitahts @OCS6 O B
2008 to 602,000 inhabitants in 2018, leading to the effect that the grazing footprint per capita
decreases.

@ Grazing Footprint Permanent Pasture and Meadows
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Figure7: Time trends of Grazing Land Footprint [@bal Footprint Network 2019, own calculationfor 2016
and 20184

3.2.3Fishing GroundsFootprint

The fishing grounds Footprint is generally increasing intime (see Figure8), since Luxembourg
relies only on fisheries imports & the population is augmenting the demand increasesoo.
However, the fishing grounds Footprint represents only 1 % of the totalEF. Fishing grounds
Footprint accounts for79,109 gha of the totalEF, i.e. 0.13 gha persoh

4 Please be aware that if figures of Hild et 8[2010) were considered the description of trends in the
report is not always appropriate.
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Figure8: Time trends of Fishing Grounds Footprir®lobal Footprint Network 2019own calculationfor
2016 and 2019

3.2.4Forestproducts Footprint

The forest products Footprint, accounting for 830507 gha that means 1.38gha persont,
represents 11 % of the total EF. There is no clear relation between forest products Footprint and
total Footprint. Ascan beseenin Figure 9, the Footprintincreasesover time. While a decrease in
the production of forest products could be observedn Luxembourgover the past couple of yeas,
the imports have augmented between 2016 and 2018hus increasng the EFagain.

The visual comparison of the forest productootprint with the Luxembourgish production of
hardwood and softwood also shows great fluctuations (Figure 9). These fluctuations in
production, as well as in imports and exports of wood and efood-basedproducts (e.g. wood fuel,
wood pulp, printing and writing paper, STATEC 2020, data not shown) lead to an increase in the
forest products Footprint until approx. 2001 and the subsequent very variable consumption.
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Figure9: Timetrends of Forest Products Footprint3lobal Footprint Network 2019own calculationfor 2016
and 2018* and total production of hardwood and softwood in Luxembourg (STATEC 2020).
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3.2.5Built-up land Footprint

The built-up land Footprint is charecterised by a continuous decrease in time (see Figudd). In
2018, it accounts for 013 gha person?, corresponding t079,109 gha. It has a small effect on the
total Ecological Footprint , where it counts only for 1 %oHowever, the bult-up Footprint is higher
in 2018 due tothe Yield Factor (YFEfor additional explanation please refer to the Glossajyvhich
has increased froml.04in 2016 to 1.14in 2018 and is, in the methodology of NFA, equalled to the
YF of cropland (NFA 2019).
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Figure 10 Time trends of Buikup Land Footprint Global Footprint Network 2019,own calculationfor 2016
and 2018:

3.2.6CarbonFootprint

The carbon Footprint amounts to %41 gha persontbeing5,662,111gha in total. Itmakes up74 %
of the total Ecological Footprint. Figure11 shows the fluctuations of the carbon Footprint over
time. Over the past 1015 years a steady decrease nabe observed.
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Figure 11: Time trends of carbon Footprint&lobal Footprint Network 2019wn calculation for 2016 and 2018
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3.2.7 Total Footprint

Since 1961, the Eological Footprint of Luxembourg ingha capital variations, with a tendency to
decrease since 2003 (Figure 8). In Luxembourg, from 1961 until 2018, the highest correlation of
0.93 is @lculated between the yearlyEcological Footprintand the carbon Footprint. Moreover,
the carbon Footprint makes up 4 % of the total Luxembourgish Footprint during this period,
AT T DAOAA O1 OEA EOI Al E O U=dbgidhlAapiiniof 589% 02®).Okel O
increasing demand for gha in Luxembourg as well as thgha capital exceeded the advances and
adoption of new, more environmentally friendly and less energy intensive technologies for
produced goods until 2003. Since 2003, the £ decreadng, and it is mostly due to the reduction

of the carbon Footprint.
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Figure 12: Development of Total Footprint from 1962018 (Global Footprint Network 2019pwn calculation
for 2016 and 2018

3.2.8 Biocapacity

In 2018, theBiocapacity accounts for 133 gha capital, being801.758gha in total, while the world
average is 1.63 gha capita The development of the totaBiocapacityin time is visible in Figure
13. It shows thatBiocapacity, the amount of biologicaly productive land and water areas available
in Luxembourg, keep decreasingver time. A strong correlation, over time, is observable between
the evolution of the Luxembourgishpopulation and the total Biocapacity per capita(r = 0.85).In
comparison to Germany(233.1 person km-2 and a Biocapacity of 1.62 gha capitat in 2016),
Luxembourg onlyhad aBiocapacityof 1.24gha capital (GFN 2020c)even though the population
density (225.1 person km?) was similar (Eurostat 2020a).
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Figure 13: Developmehof Total Biocapacityfrom 1961-2018 (Gobal Footprint Network 2019, own
calculation for 2016 and 2018

Large dvergences in the areas allocated to thdifferent land covertypesare observable according
to the source of the datgTable 12). In Gobal Footprint Network 2016, the data areprovided by
CORINE Land Cove2000, while the data for e.g. IBLA 2016 and IBLA 2018 are compiled from
global and national databases (Chapted.1). While a relatively small discrepancy can be observed
between the total landcover from these different sources ofdata, the largest divergencés within
the land cover typescrop land and grazing land (Table 12), which is due to the yield factor which

is given for a land use type within the country for the calculated year

Land cover areas provided by Hildet al. (2010) are based on cropland and grazing land statistics
by the Ministry of Agriculture/SER (CORINE 2006 projections) and match the most recent areas
used by IBLA (2016, 2018), based on the statistics by the Ministry éfgriculture (2018) and
STATEC (2020).The use of national data in the IBLA 2016 EF calculation resulted in a higher yield
factor (YF) forcrop landcompared to the Gobal Footprint Network 2016 calculation. This rather
sizable difference in the YF, howeve offsets the impact of thdarger crop land cover in the GNF
2016 calculation, such that the difference in the Biocapacity between the two calculations is not
as pronounced as would be expected. The Biocapacity is 1@da capital for GNF 2016 and 1.35
gha capital under IBLA 2016.The Biocapacity from both calculations show a decrease compared
to 2008 with a Biocapacity of 1.9ha per person(see Hild et al. 2010). Théiocapacityper person
slightly declines in the IBLA 2018 calculation (1.38ha capta?).
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Table12: Results of the calculation of thBiocapacityaccording to different sourceddild et al.(2010),

Gobal Footprint Network 2019 (NFA 2016))BLA 2016 and IBLA 201@wn calculation).

Land Cove(Hild et al. 2010, Area YF EQF Biocapacity
2008 [ha] [wha ha?] [gha wha?] [gha capita?]
Crop Land 61,159 1.95 2.64 0.67
Grazing Land 79,373 2.38 0.50 0.20
Inland Fishing Grounds 1,016 1.00 0.40 0,00
Forest Land 93,617 293 133 0.78
Infrastructure 24,089 1.95 264 0.26
Total 259,254 191
Land Cover (GFN 2@®) Area YF EQF Biocapacity
2016 [ha] [wha ha?] [gha wha?] [gha capita?]
Crop Land 105,225 0.63 2.50 0.29
Grazing Land 37,703 2.38 0.46 0.07
Inland Fishing Grounds 1,039 1.00 0.37 0.00
Forest Land 94,121 3.80 1.28 0.80
Infrastructure 29,839 0.63 2.50 0.08
Total 267,928 1.24
Land Cover (IBLA 2016) Area YF EQF Biocapacity
2016 [ha] [wha hal] [gha wha?] [gha capital]
Crop Land 63,536 1.04 2.50 0.30
Grazing Land 67.115 2.38 0.46 0.14
Inland Fishing Grounds 1,016 1.00 0.37 0.00
Forest Land 91,037 3.80 1.28 0.78
Infrastructure 37.156 1.04 25 0.12
Total 259,860 1.35
Land Cover (IBLA 2018) Area YF EQF Biocapacity
2018 [ha] [wha ha?l] [gha wha?] [gha capita?l]
Crop Land 63,997 1.14 2.50 0.30
Grazing Land 67,607 2.38 0.46 0.12
Inland Fishing Grounds 1,016 1.00 0.37 0.00
Forest Land 90,340 3.80 1.28 0.73
Infrastructure 36,900 1.14 2.50 0.17
Total 259,860 1.33
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Tablel3:: Comparison of the Ecological Footpend Biocapacityof Germany, France, Belgium and Luxembourg in 2016
(Germany, France, Belgiump@al Footprint Network; Luxembourg 2016: own calculation).

Ecological Germany France Belgium Luxembourg
Footprint &
Biocapacity
Carbon Footprint 3.19 2.65 3.91 10.00
Built-up Footprint 0.13 0.13 0.14 0.17
Fish Footprint 0.05 0.21 0.12 0.15
Forest Products 0.5 0.51 0.55 1.13
Footprint
Grazing Footprint 0.19 0.24 0.37 0.64
Crops Footprint 0.78 0.71 1.15 0.90
Total Ecological 4.84 4.45 6.25 12.98
Footprint
Total Biocapacity 1.62 2.38 0.79 1.35

3.3 Fuel tourism & trafficFootprint by cars

6.3 billion vehicle kilometres (vkm) by cars and 1.1 billion vkm by trucks and busses have been
travelled in Luxembourg in 2012(Ewringmann 2016). Of these vehicle kiloratres, 4.8 billion vkm
yr-1 have been travelled by inhabitants (by car) and 1.2 billion bgross-border commuters within
Luxembourg. Fuel tourism accounted for 0.35 billion vkm y¥, which is mairly driving to the fuel
station in Luxembourg directly at thefrontiers and going back. Thus, this additional amount of
vkm represent only a small share of the total vkm y¥of Luxembourg (4.8%). However, the trans
border workforce also regularly fills up their cars in Luxembourg. For trucks, only 18 % of
1.1billion vkm yr-1 by trucks are travelled by national trucks. Furthermore, with a population of
537,000 people in 2012, the average person travelled ca. 8950 vkrAllegrezza 2012) In that
same year 1%,607 people were commuters to Luxembourg from neighbouringountries; they
travelled on average 7710 vkm within Luxembourg (Allegrezza 2013. It is therefore
unsurprising that Luxembourg ranked 4 EECEAOO bl AAA ET %001 PA ET OE
contAOOET 1T Al 1 &Adsgdedibly akthe Lgxanpbgurgish gpulation and the workforce
commuting to Luxembourg increases annuallySTATEC020).

3.3.1 Fuel tourism Footprint

In 2012 according to STATEC(2020) 20,588 GWh were used by nomesident borderers
(transporter, bus, cross-border workers and tourists), which is 68.5 % of the total amount of
transport oil fuel consumption. This high share of exporteduel by cars and trucksis taken into
account n Luxembourg's carbon Footprint as it is sold in Luxembourg and increases the
LuxembourgishGDP In the following, the authors talk about fuel exports in terms of fuel bought
in Luxembourg by people not living in Luxembourg (e.g. tranborder workforce, people living
and working in the Greater Region but buying their fuel in Luxembourg in so called fuel tourism,
and international truck traffic), and is thus not consumed by inhabitants of Luxembourg.

5 https://ec.europa.eu/transport/facts -fundings/scoreboard/compare/energ y-union-innovation/road -
congestion_en#2017
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Tablel4: Energyconsumptiorin LuxembourdGWH (STATEQ020).

Year 2016 2018
Total 47309 51386

Industry 8203 7693
Transport 28305 31750
Road: norresident borderers 16721 18968

Road: Households 2417 2456

Air 6370 7190

Services 4826 5697

Households 6426 6154

Agriculture 75 92

In 2016, the transport oil fuel consumption for norresident borderers was 16,721 GWh of
28,305 GWh n total (59 %; STATEQ020, Table 14). Petrol has a share of 16 %, car diesel of 238
and truck diesel of 71% (Ewringmann 2016). Petrol consumption is 2,675 GWh equalling
244,263 gha (conversion factors see Table J1 car diesel consumption is 2,174 GWh ealling
196,524 gha and truck diesel is 11,872 GWh equalling(F,33,23 ghet. Adding up these fuel
exports, it is 1,514,109gha and makes uR7.8 % of the carbon Footprintin 2016. In 2018 an
amount of 18,968 GWh of fuel has beesold to nonresidents, which is1,717,579gha and30.3 %
of the carbon Footprint in 2018(Table 15).

Table15: Fuelconsumption of norresidentsFootprint.

GWh vkm gha % carbon gha
(in bill.) Footprint capita!
fuel consumption of non 16,721 1,514,109 27.8 2.63
residents(2016)
fuel consumption of non 18,968 1,717,579 30.3 2.85
residents(2018)

Not accounting these exported fuel gha to Luxembouiig 2018, the number of planets needed to
support the lifestyle of the Luxembourgish population would dedhe by 1.75 planets, being a
reduction of 2.85 gha capital. However, a majority of the fuel exported is consumed by the
transborder workforce, so in a way casumed on Luxembourgish territory (1.2 billion vkm yrt
travelled by commuters within Luxembourg).0.35 billion vkm yr-1 arise from cars travelling to
Luxembourg only to refuel equalling 25,486 gha(0.04 gha capital). The Footprint of foreign
trucks is 470,539 gha or 0.78ha capital, but it cannot clearly be differentiated if these trucks
deliver goods to Luxembourg or it is mainly transit transport.

3.4Kerosene Consumption

According to STATE(Q2020) the energy corsumption in 2018 was 7189.5 GWh. Following the
calculation for petrol and diesel consumption, the kerosene consumption equafi85,636 gha or
1.06 gha capital. Using the data from Eurostat (2020) for the kerosene consumption in 2018,
597,000 t kerosene hae been used, equalling 628,104 gha. The National Inventory Rep@f18,
used for NFA 2018 (please refer to Table 4), includes 1.8 kt &Ofor aviation, equalling
601,582 gha. The slight differences between these three data sources cannot be explained.

5 To simplify matters, it was assumed that 14 % dahe energy (GWh) from fossil fuels comes from petrol
and 84 % from diesel. The share of ethanol (petrol B5 5 % ethanol and diesel B7 7 % ethanol) has been
neglecied as growing the raw material for the ethanol production in turn leads to the consumption of
global hectares.
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3.4 Electric power Footprint

In 2018, 6,627 GWh of electricity have been consumed in Luxembourg, being about 13 % of the
total energy consumption (2018; STATEG. In 2018 about half of the electric power was used by
industries, in particular for steal production (40 % of the electricity), while 33 % are consumed
by the service sector and circa 15 % by private households (MEAT & MECDD 2020).

From the 466 GWh of electric power produced in Luxembourg (2018; STATEC), 75 %,
representing 345 GWh (Table 13), are already coming from renewabdmergy sources (ILR 2020).
Indeed, the country does not dispose of fossil energy sources, therefore the domestlectric
power is mostly produced by a hydropower station, wind turbines, solar panels and biogas
obtained from biomass. Nevertheless, the eléwity needs exceed by far the current national
production potential meaning, that Luxembourg is mostly reliat on energy imports from other
countries, such as Germany, France or Belgium (STATEC 2018). However, the share of renewable
energy of the tradingpartners are not as high as in Luxembourg since, Germany still produces

electricity from coal plants and Frah A EOT |
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the total consumed electricity came from renewable energy sources (MEAT & MECDD 2020).
Regarding to the total energy needs, 6.4 % are covered by renewable energy sources (MEAT &

MECDD 2020).
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3.5 Electro mobility

4 E
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MECDD 2020) have been established as a result of the Paris agnent in 2015. The main goals
are a reduction of the GHG emissions by 55 % (excepted EU Emission Trade) coragdno 2005,

a reduction of 4044 % of the energy consumptioncompared to 2007 and an increase of
renewable energy up to 25 %compared t08.1 in 2018 (MEAT & MECDD 2020). Main drivers of
action concern the renovation of buildings and the construction of lowenergy ones, the
improvement of the energy efficiency in the industry sector and for SME, introduce new policies
to regulate the traffic and fueltourism and, to develop the electro mobility. But these goals might
be ambitious and prove difficult to reachby 2030. For electricity for example, improvements
depend highly on the evolution of the situation in the neighbouring countries. The challengemot
easy for Luxembourg where the population is still growing, resulting in an increase of the energy
needs.Due to energy security issues, it is not probable to expect that Luxembourg turns its
electricity production to 100 % renewable even though the ational production capacity is
expected to rise up.It would reinforce the dependency on imports. Luxembourgims to favour a
better cooperation at a national and regional scale for the development of flexibility measures,
such as demand side response arsiorage (MEAT & MECDD 2020).

The increase in the energy efficiency of Luxembourgish traport is to be achieved primarily by
reducing traffic, by expanding public transport and by promoting electromobility in cars and
transport. This is intended to reduce the dependency on oil imports. According to the NE@B21-
2030, the share of electromoMity is aimed to achieve 49 % in 2030. To face the upcoming demand
for charging stations for electric vehicles, Luxembourg had aady installed 280 public charging
stations by end of 2018 and plans to install more to reach 800 by 2020.

Tablel6: Electro mobility Footprint

vkm CQe gha % carbon gha

(in Bill.) ® Footprint capita!
vkm car total 6.3 1,582,751 528,304 9.3 0.88
vkm combustion engine 3.63 775,058 258,869 4.6 0.43
vkm electro mobility 3.63 168,587 56,343 1.0 0.09
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Taking the aims of the NECP, 3.63 billion vkm dhe 6.3 billion vkm travelled by carsin 2012
reported by Ewringmann (2016) will be travelled by electric carsin 20307. An electric car has a
mean electricity consumption of 16 kWh per 100 km (not including pduction of the car or the
battery) (Agora 2019). The C@emissions of the electricity mix imported toLuxembourg is given

in the NFA by the national electricity carbon intensity of electricity imports (2.91-104 Mt
CQ GWht, see Table 1). The electrigitdemand for 49 % electro mobility add up to 168,58t CQ

or 56,343 gha (Table B). Thesesame 3.63 billion vkm travelled by conventional cars with
combustion engine (23 % benzine, 77 % diesel, see subsection 6.2.1) would emit 775,058 £CO
equalling t0 258,869 gha. Thus202,526 gha could be saved when the goal of 49 % electro mobility
is achieved, whichcorresponds to 034 gha capitat.

3.5 Crossorder Commuters

In total, commuters spend about 9 % of HFCE on therritory (Table 3). Throughtheir daily travel

to work, commuters to not have additional expenses for transport costs (time and money) fire
purchase of goods(Matha et al. 2012) The expenditures of crosshorder commuters for the
different product categories are shownin Table 17. The propations on HFCE by crosdorder
commuters for the different categories in 2010 are assumed to be theamme in 2018. The E&for

the product categories is calculated for durables, vehicles, tobacco, alcoholic beverages and
clothes by comparing the EF EF and EFe. For the proportionate food Footprint, please refer to
food consumption Footprint (Table 20). Those product categories where no data is given in the
NFA 2018, the GHG emissions were used instead.

Most of the money of crossorder commuters spent onthe Luxembourgish territory is for fuel,
food and vehicles. Thee product categories with the highestonsumption of gha, however, are
fuel (311,609 gha), food (253,108 gha) and travelling by plane (49,513 gha). In total, a
consumption of 680,946 gha on te Luxembourgish territory is calculated for crossborder
commuters, thus is responsible for 1.13 ghaer Luxembourgish resident capita of the total
Luxembourgish EF of 13.03 gha capita

7 An extrapolation of the traffic data from 2012 to 2018 due to the development of the population and
employment figures was not carried out
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Tablel7: Footprint of crosdorder commuérs Expenditures according to Matle al. (2012), Household Final
Consumption (HFC&ccording to STATEC (2020) and EambEbotprint (own calculation).

2010 2018
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Durables
TV,
AT 1T 0O 468 71.1 962 7% | 33559 10174 23385 - 1728
Vehicles 1256 190.8 846 23% | 197753 84551 113202 63686 | 39891
Fuel 2460 373.7 - - - - - - 311609
Tobaao 563 85.5 929.2 9% | 32159 12195 19964 - 1837
Alcoholic
beverages 230 34.9 316 11% | 56144 18786 37358 - 4130
Food
at/outside
home 2498 280.9 1356.7 21% | - - 1222379 - 253108
Public
transport 66 10.0 127.6 8% | - - - 101536 7978
Culture and
leisure 55 8.4 236.5 4% | - - - 6908 299
Education 46 7.0 75.1 9% | - - - 25879 2948
Travelling,
train or
plane tickets 463 70.3 1911 37% | - - - 133818 | 49513
maintenance
and repair of
vehicles 132 20.1 - - - - - 7463 1716
health 169 25.7 279.5 9% | - - - 9317 1048
clothes and
shoes 765 116.2 779.1 15% | 44115 9659 34456 - 5139
Other
expenditures 136 20.7 - - - - - - -
Sum 9317 1315.2 14712.6 9% 680946

3.6 Serviceemployees Footprint

The service sector of Luxembourg is very developed and is an important source of work in the

country. It represents 87.7 % of the value-added sharesof the country (OECD2019). Alone, the

financial sector produces 28 % of the GDPwhile aggregating10 % of the employment. Combined

atotal of 16 % of the employeesin Luxembourg (67,603 jobs) areworking inthe 0) T &£l CahdA OE T 1
#1 1 1 O1 E AdctOrE19,076.25) andthe O & E 1 @ntl ATA O O Odedtoh (Ag526.25) (2018;
STATEC 2020).

The service industry has a huge impact on the Luxembourg econorapd on the use of energy
According to SATEC (2020, Table 14)the service industry consumes as much electricity as the
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households. The impact of the service sector leads to a hegative bidsew it comes to comparing

Luxembourg to its neighbouing countries: These exports of ertiary activities consist of

producing intangible goods and information, but these kinds of products, which are mainly

exported, are not included in the calculation oftte Ecological Footprint (similar to tourism) as

they cannot be quantified (e.g. in form of tons) But the workplaces need energy and therefore

produce CQ emissions. Ideally these intangible goods from the service industry could be

embedded inthe calculdE T T AO OA@PI 0008 OEOOh ,flomithis bebtdii C x E O
Moreover, it is not really clear whether employment figures when it comes to accessory services

in the financial industry, are reflected in the figures (lawyers, auditors, fidueiry etc.).

To get ar idea of all these activities on the carbon Footprint, themissions of C@resulting from

OEA xI1 OE T &£ AT Ol £#EEAAS Ai D1 T UAA EAOAemidsiodsi AOOE]
from the daily use of computers, from mailing and other actities on the web as well as, from

heating of the buildings and other &ectrical usage have been taken into account.

According to the study conducted by Maas et al (2012), the electricity needs of an office building

accounts for 217 kWh n® per year. It includes the power used by ventilation and/or heating

systems, own dataA AT OOAOh 1T £#ZEAA ANOEDPI AT O j AT 1 DOOAOR b
machines. Assuming a minimum office surface area of 1®per employee (Ministére du Travalil

2017) and 67,603 full time workers in the information and finance sectors, emissions of @ Mt

of CQ per year result from the electricity consumption alone (IBLA calculation). This converts to

AAT 60 ptx '7E 1T &£ Al AAOOEAE O UsconBum@tibrdBisGSTAHEGD ¢ 8¢ ¢
Concerning the energy necessary for heating (electricitgxcluded), Maas et al (2012) have

estimated a consumption of 131 kWh i per year. C@emissions account for 0.02 Mt of C(er

year, following the same calculation proedure than previously.

In total, direct emissions from office employees and buildingsrould amount to 0.03 Mt of CQ@per
year. The low contribution in the carbon Footprint would not bring significant change when the
service employees Footprint would be rduced. It represents 17695 gha of the EE thus,
0.03 ghacapital (Table 18).

Tablel8: Service employees Footprifihe energy consumption of workplaces is based on heating energy and
electricity needs.

| employees GWh gha % carbon Footprint  gha capital!
workplace 67,603 147 17,695 0.3 0.03
mail, webbrowser 67,603 25 3,009 00 -

Within the previous calculation, the embodied C©Qemissions of electronic operations such like,
sending emails or browse the web, are not included. An extra calculation reveals that about
254 kg CQ per year are emitted per user. Readingyriting or sending about 20 mails per dayover

a yearequals to the amount of C@emitted by 1,000 car kilometres, searching web addresses
accounts for 9.9 kg of C{per year per user and, surfing the web requires about 365 kWh per year
and user (energuick.be). Multiplied by 67,603 workers, another 0.02 Mt Cmbodied amissions
can be considered.

3.7Data centres Footprint

Luxembourg is known as being the bestonnected country in Europe. No fewer than 23 data
centres are in operation, representing 46,76 m2 of floor space (LUCX 2020). A key factor
explaining the devebpment of such infrastructures in Luxembourg is that the cost of electricity is
one of the lowest in Europe, and the cheapest in western Europeuestat, 2020b). Electricity

38



supply is themost reliable in Europe with Luxembourg having the lowest number ainnual power
outages (CEER 2014)Data centres have energy intensive needs, since they run 24/7 all year
round. A high energy demand is attributed to the primary IT needs and cooling equigent
(Castellazzi et al 2017).

Tablel9: Data centres Footprint.

‘ GWh electricity consumption gha % carbon gha

(%) Footprint capital
data center 933 14 90,635 16 0.15
data center z renewable| 933 14 25,860 05 0.04

energies

According to the available technical descriptions, dataentres in Luxembourg have an estimated
total power of altogether 106,460 kW per hour (LU-CX 2020). This represents a yearly
consumption of about 933 GWh of electricity, accounting for 14 % of the eleicity consumption

in Luxembourg in 2018 (Table19). Hectrical energy needs for data centres exceed by far the
466 GWh of power seHproduced in Luxembourg. Therefore, it is assumed that imported
electricity supplies the data centres. In this case, it Bdbeen calculated that data centres contribute
to emisdons of circa 0.3 Mt C®in 2018. That is about 90,635 gha needed to balance these
emissions. Energy consumption of the data centres in Luxembourg contribute to61% of the
carbon Ecological Footprint being 0.5 demandedgha capital.

3.8 Food consumptio Footprint

The Footprints of cropland, grazing land and fishing grounds 2018 add up to 1,259,737 gha,
equalling 2.09 gha capital and are mainly used to produced foodThus, it is of interest whakind
of food leads to what demand of globdiectares. Table P shows theFootprints for the different
product categories. Please note, that as the NFA are a {i@wn approach, the consumption
footprint derives from the national imports, exports and producton of the different food products.
The demand of gha foplant-basedfood is 496,786 gha or 0.8 gha capitat, for fish 116,496 gha
or 0.19 gha capita and for food of animal origin 625,639gha or 1.04 gha capita. The fodprints
of fertilizer and energy are distributed to plant-based food and food of animal origin according to
their share on Ek. As fish is not produced in considerable amounts in Luxembourg, no fertilizer
or energy footprint is added to the fish footprint
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Table20: Food consumption Footprint.

EFR(gha) EFe(gha) EFe(gha) ERc(gha)
plant-based food coffee, tea, spices 90,602 33,244 57,358
sugar, sugar preparations, hone] 13,590 3,028 10,562
oils and fats 26,668 1,351 25,317
alcoholic beverages 56,144 18,786 37,358
beverages 94,797 21,718 73,079
vegetable and fruit, juices 177,075 21,680 9,852 165,247
cereals and cereal preparations| 232,338 188,539 64,777 108,576
fish fish, crustaceans, molluscs 39,037 1,650 37,387
fish 88,825 9,716 79,109
food of animal origin AAEOU bPOT ABAOO 44,078 74,987 46,057 15,148
meat and meat preparations 265070 75,542 189,528
living animals 4,720 15,541 144,311 133,490
fodder cereals 89,577 86,230 93,204 96,551
feedstuft 95,737 0 95,737
fertilizer 33,421 33,421
energy 6,684
total 1,259,737

According to section 3.5 Crosdorder commuters, the expenditures of crosdorder commuters
is 21 % of food HFCE and 11 % aflcoholic beverages sold in Luxembourg. This consumption adds
up to 257,238 gha and equals 0.43 gha capita

3.8Householdand food vasteFootprint

In 2018, Luxembourg inhabitants have produced an amount of waste of 610 kg capitgear!
(Eurostat 2020c). This is at the higher spectrum of waste per capita and pgear produced when
compared to the neighbouring countries: Germany with 615 kg capitayear!, France with
527 kg capital year! and Belgium 411 kg capité year1.The endconsumer is responsible for a
high share of this waste: The 2018 analysis of th@ AOEAAT 008 ET OOAEIT T A xAOO
revealed that 193.7 kg of waste (>306) were thrown away per capita at the enéconsumer stage
(Schaeler at al. 2019). This amount is comged by weight of 31.6 % organic waste, 17.9 % paper
and cardboard and, 16.7 %lastics. Compared to 2013, the quantity of waste per capita has been
reduced by 13.2 %, which represents a reduction of 30 kg capitayear!. Nevertheless, due to
continuous increase of the population from 537,039 inhabitants in 2013 to 602,605 in 2018he
total amount of waste is steady and shows only a slight reduction of 2.7 % within this period.
According to Schaeler at al. (2019), the reduction potentidhat still exists in the residual waste
sector amounts to approximately 63.5 % by weightThis reduction is difficult to reach, since it
requires an optimized syndicatewide expansion of the recycling systems.

Looking in more details, small changes in the consumptioand recycling behaviour of the
inhabitants could already contribute to reduce the Eological Footprint of household waste.
Within the 31.6 % of organic waste, 5.53 % is considered to be avoidable (Schaeler et al. 2019). It
equals to about 10.7 kgcapital year! which is a total of 6441.4 t yeat country-wide. The
necessaryBiocapacityto absorb this amount of waste represents 2,693 t G@qualling to about

900 gha. The analysis by Schaeler et al. (2019) also showed that coffee capsules in the residual
waste add up to 1.6 kg capitayearlequalling to approximately 956 t year! for the whole country.

40



They amount for about 110 t yeat of plastic and aluminium where the rest of the waste is coffee
grounds. Assuming that tle amount of packaging materialis equally distributed between both
components meaning, 55 t aluminium and 55 t plagt, the estimated Ecological Footprint sizes
0.2 gha for aluminium and 0.1 gha for plastic. This total of 0.3 gha could be reduced by tthods,

by replacing aluminium andplastic capsules by biodegradable ones, and by organizing a special
collect of theconventional capsules in order to reutilise or recycle them.

At a general scale, reducing the amount of organic waste by 5 % means, that 5 % less food is
consumed and imprted. By cutting down the imports by 5 % for all food items (e.g. fish,
vegetables,fruits, food preparations, oils and coffee), the impact on the Ecological Footprint is
estimated to beat least 62,987gha. Thisrepresents 01 gha capita! that could besaved.
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4. Discussion & Conclusions

National Footprint and Biocapacity Accounts a based on various UN and parb/N data sources
including FAOstat, UN Comtrade and IEA (Kitzet al. 2009b). These data platforms receive the
data from national statistical offices that are responsible for the accuracy of provided data. Kitzes
et al. (200%) emphasize that high resolution, accurate data sets are available for many high
income courtries. STATEC, the National Institute of statistics and economic studies of the Grand
Duchy of Luxembourg is scientifically independent and provides data in neutity. The
comparison between nationally available data for 2016 and the data from the UN dataurces,
used by Global Footprint Network for the calculation of the 2016 Ecological Footprint, revealed
that more up-to-date data was available for the year 2018 the national data sources. This led to
small differences in the Ecological Footprint caldations for the year 2016: Using national data,
we calculated an overall Luxembourgish demand in 2016 of 12.98 gha capitwvhereas Global
Footprint Network calculated 12.91 gha capité. The Global Footprint Network calculation was
published in April 2019, whereas the last our calculation was performed. As the data needs to first
be collected and revised at the national level before it is reported to the internatnal statistics
bodies (either at European or global level) there is an important time lag liere current data is
available at the international level and are often available earlier through the national statistics
offices (in our case the STATEC). Thus$et updated data for 2016 that has been used by IBLA
might not all have been available when @bal Footprint Network did the accounting in 2019.
Nevertheless, the discrepancies in the data only lead to minor differences in the results of the
Ecological Fooprint for Luxembourg. It can therefore be concluded, that confidence can be placed
in the metric and these results can be used to further investigate the potential implications for
Luxembourg. It should be mentioned that some data is often needed in spécifinits or in a
specific compilation that are not available nationally, especially with regds to the Standard
International Trade Classification (SITC) categories. This was also previously discussed by Hild et
al. (2010). For these commodities, no dateomparison could be made and only UN and pa#dN
data were used.

As the National Footprint Accounting 2016 by IBLA and Global Footprint Network did not differ
substantially, the Luxembourgish Ecological Footprint and Biocapacity have been calculated for
2018 using the same data basis. However, it needs to be noted, that all data was available, not
even at national level, for the year 2018. Where not, data from 2017 was used instead. This lag in
data availability is also why Global Footprint Network isalways a couple of years behind in the
calculation of National Fodprint and Biocapacity Accounts (and they also provide noveasting for
estimates of more recent years). Thus, when they eventually will have the data available in
international databases andwill recalculate the NFA for Luxembourg, small differences in the
results can be expected. Nonetheless, these small differences are not as important as the bigger
picture they paint: Luxembourg has a much bigger resource demand than its biocapacity can
provide; and this demand has not shown any considerable decrease oike past decades. For
2018, the demand 0of12.67 gha capital was slightly lower than for 2016. Not surprisingly, the
number of planets, that would be needed, if everyone lived like resideof Luxembourg has also
decreased from 777 in 2016 (calculations by IBLA) to 7.99 in 2018. In 2008, a decade ago, Global
Footprint Network calculated that 8.86 planets would be needed (Global Footprint Network
2019). Even though several national and imrnational environmental policies have been
implemented in between they do not seem to have had a positive effect on the National Footprint.
A basic quantitative condition for global sustainability is that humanity uses substantively less
than one planetLuxembourg is using about eight planets and therefore it is noeplicable. It runs

a big ecological deficit which could become a risk in a world of persistent and growing overshoot.
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The global biocapacity per capita was 1.63 gha in 2016. Luxembourg wighBiocapacity of only
1.33 gha has a lower capacity per person thathe world to provide the needed resources or to
absorb humanmade waste. This coupled with a large resource demand, leads to a huge
biocapacity deficit of 11.3 gha capital. The missing Bacapacity is mainly bought from lower

ET AT i A OACET Ifr@n fltdrefgenératibnd. Nét dll @ountries can be biocapacity debtors
for long, but viceversa, Footprint accounts do not demand all countries to be sedtifficient in
resources (Wackernagelknd Lin 2019). Nevertheless, the biocapacity deficit of Luxembogris
massive, and the reasoning of Wackernagel and Lin (2019) should not be used as an excuse to not
take drastic action to reduce the Ecological Footprint of Luxembourg. The European
Environmental Agency (EEA 2020) states countries with an ecological defi can meet their
demands in three ways: (1) overexploitation of their own stocks of ecological capital, e.g. through
overfishing; (2) import of products leading to exploitation of the bia@apacity of other nations; or
(3) exploitation of the global commans, in particular by releasing carbon dioxide (C£) emissions
into the atmosphere from fossil fuel burning, land use change and the production and
consumption processes.

O, OAIl Al O ©fChe B@atebRegidh and due to its economic openness should notbe
Al T OEAAOCAA AITTA AOO ET OEA %OOiI PAAT AiTI©KA@O6
case of Luxembourg with close to 200.000 commuters in relation with 600.000 inhabitants arad
mainly exporting economy of which the main part is services wish are corrected for exportload

on energy, the GFN concept might come to its limits and needs to be looked at in differentiated
terms. However, theapproach of theGlobal Footprint Network is to see each individual country
like a farm.If acountry, like Luxembourg,runs an ecological deficit, it is the farm Luxembourg that
runs the deficit. Perhapsthat country may have enough financial advantage to compensathis
deficit for the moment (as is the case at the moment with Luxembourg, beingne of the wealthiest

in the Europe (OECD 2019))however, the world as a whole isrunning a deficit, too. Thus, the
import of products leading to the overexploitation of the Biocapacity of other nations2) and the
exploitations of the global commons (3) Wl soon no longer be an option (not that they should be

at the present).

In order to identify and better understand where action is most relevant and efficient, factors that
most importantly impact the Ecological Footprint of Luxembourg were studied. Oubf the
different Footprints assessed (carbon Footprint, cropland Footprint, grazing land Footprint,
fishing grounds Footprint, forest products Footprint and buildup land Footprint) the carbon
Footprint was by far the largest and with the highest impact otihe overall Ecological Footprint of
Luxembourg (it explains 4 % of the total Ecological Footprint of Luxembourg). Thus,
improvements in this parameter will have the most significant effect on the overhEcological
Footprint of Luxembourg. This was alredy observed since 2003: a steady decline in the overall
Ecological Footprint of Luxembourg could be observed, which mainly coincides with a steady
decrease in the carbon Footprint. The main factors impaicty on the carbon Footprint are fossil
fuel combustion, electricity import and trade (Lin et al. 2019). A more irdepth look was therefore
taken at these sectors.
4EA O40AT OPI 006 AT A Ol AOCUs OAAOI OOh Al OE AOOE
immense potential for reducing the Ecological Footpnt. Luxembourg has already diminished the
energy and CQ@intensity of production in the past years, partially through an increase in the share
of renewable energy in the national energy mix. The G@missions per GDP have drastically been
reduced since 200 which is related to lower primary energy supply per GDP (OECD 2019). These
efforts are also reflected in the decline in the carbon Footprint over the past two decades.
(1T xAOAOh , OAIl Al 6 @@an@nder -AO@HCD hvArhgdsA The renewable emer
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supply is also still lower as the OECD average despite a significant progression in the recent years
(OECD 2019). In order to meet climate protection goals, such as those from the Paris Agreement,
and the further reduce the carbon Footprint and in turnthe Ecological Footprint of Luxembourg,
further important efforts need to be made. This is currently being taken into account by the
O. AGET T ATl %l AOCU Ad o md Ejl -AWA4 0Q A weqtitss pagmstiotq  OE A (
reduction of energy consumption inall sectors, the development of renewable energies and,
hence, to reduce Luxembourg's dependency on energy imports. Even if about 75 % of the electric
power production in the country is renewable, Luxemlourg remains highly dependent on the
electricity production from fossil resources or nuclear power from neighbouring countries: 93 %

of its electricity demand is currently imported (2018; STATEC). With the share of renewable
impact on the Ecological Footprint of Luxembourg is inevitable yet. We calculated, that in order
to reach the goal of 25 % renewable energy from the NECP for 2030 (assuming the same &lgtt
demand), the electricity sector needs to redt 33.6 % renewable power by 2030, instead of the
8.1 % in 2017. This means that of the imported electricity, 28.4 % need to come from renewable
energy sources, equalling a :fimes increase in renewable aergy imports compared to the 2017
levels. This higtights again our dependency on the efforts of our trading partners to increase the
renewable energy share in the products; without important changes in their production method
and the availability of eledricity from renewable energy sources, Luxembourg isinable to do
much to reduce its electricity related carbon Footprint.

The future expansion of information and communication technologies will have an even higher
need for data centres and will inevitaby lead to higher electrical energy consumption andalated
CQemissions. The 23 data centres currently in operation have an electricity demand of 933 GWh
and already represent 14 % of the national electricity consumption (LACX 2020). With further
expanson of data centres, the carbon Footprint owed to etdrical power use is expected to
explode. New low consumption technologies for buildings and electronic systems are necessary
to be explored. Luxembourg could reduce the electricity trade Footprint by piucing more
electricity using renewable energy soures and importing more from renewable sources.
Assuming that Luxembourg could already produce the necessary 933 GWh of electricity to power
the current 23 data centres using renewable energy sources, thedogical Footprint would be
reduced to 25,860 ghanstead of 90,635 gha. This objective is, however, hard to achieve, as it
means that the production would need to be more than doubled. Additionally, the prices for
electricity would rise as renewable enegy sources are still more expensive, which in turn wuld
decrease the attractiveness of Luxembourg as location for data centres. One could argue, that
HFAxAO AAOA AAT OOAO 11 OEA OAOOEOI OU x1 O1 A Oi11 OA
automatically reduce the Ecological Footprint; however, theseata centres are still needed and
their ecological footprint will still affect the global Ecological Footprint. So, their impact would
only be transferred to a different country and no overall global neniprovement in sustainability

is achieved. Likewise,the loss of the data centres would lead to other, hard to predict
repercussions to e.g. the Luxembourgish economy. Some refunding in the industry sector, the
highest electricity consumer with nearly 50 % of the Luxembourgish demand, has to be
considered, & well as renovation of private households; the latter already being an important
objective in the current NECP. Such changes, however, are complex dilemmas: on the one hand, a
greening of the economic attvities and, on another hand, social aids and sulsies to avoid social
discrimination in the application of, for example, new construction rules (such as imposing the
use of renewable energies in new buildings) need to be brought into line.

The consumptbn of fossil fuels by the transport sector of 3175@Wh is responsible fort5.5 % of
the carbon Footprint of Luxembourg, equalling 4.28 gha capita Kerosene, i.e. air travel, alone is
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responsible for 1.06 gha capitain 2018. In 2012, a total of 7.4 HWiion vkm were travelled on the
Luxembourgish territory by car, bus and truck. Assuming that this number has not decreased over
the years (which is very unlikely with a growing population), the impact on the gha capitais 1.94.
Knowing that in 2018 over40 % of the workforce in Luxembourg is made up of ass border
commuters from the Greater Region, a large portion of the vkm are travelled by noasidents.
Furthermore, due to the lower taxes in Luxembourg on fuels, these are cheaper than in the
neighbouring countries, resulting in the phenomenon of saalled fuel tourism: people travelling

to Luxembourg to simply fuel up their vehicles. It is often discussed, that these two peculiarities
of Luxembourg can distort the Ecological Footprint. Hild et al. (2@) also came to the conclusion,
that fuel tourism and crossborder commuters were factors that augment the Ecological Footprint
of Luxembourg. Thus, to clarify the magnitude of the impact of fuel tourism and of crebsrder
commuters, in general, their shee on the Luxembourgish Ecological Footprint have len
evaluated. In 2018, fuel tourism made up 2.85 gha capitaand crossborder commuters
contributed with 1.13 gha capita! to the Luxembourgish Ecological Footprint. To avoid double
counting, fuel sold b crossborder commuters and the corresponding impatof 0.52 gha capita
needs to deducted from one of the two footprints before adding them together. Thus, ca. 3.5 gha
capital of the 9.27 gha capita of the carbon Footprint (ca. 37 %) are a direct radt from these
two factors. It would be naive to codemn the cheap prices of the fuel in Luxembourg; the fuel
would still be bought, maybe not in Luxembourg, but in the Greater Region. At the moment, for
trucks with a 1,000 tank and using the diesel prie from July 2020, a maximum detour to
Luxembourg of242 km from France, 135 km from Germany and 317 km from Belgium would still
be worthwhile.

Not selling the fuel in Luxembourg would improve the national carbon Footprint of Luxembourg,
but not the Footprint of the Greater Region or Europe. Same as withdldata centres, the fuel is
still needed for transport. Increasing the tax in Luxembourg, thus making the fuel no longer
cheaper than in neighbouring countries will again only shift the ecological impabiut not increase
the net global sustainability. Furhermore, the ramifications for the economy and society are
difficult to predict. In order to ensue real change, the vkm per person (resident or crodsorder
commuter) need to be reduced and alternative &nsport options made more available. The latter
the Luxembourgish government aims to achieve through the expansion of public transport system
and the promotion of electraomobility in cars and transport.

The NECP aims to achieve 49 % electroobility by 2030. Through this measure 0.34 gha capita
could besaved. However, switching to electranobility only makes sense, if the electricity used is
obtained from renewable energy sources. This would then result in possible savings of 0.42 gha
capital. Neverthdess, as we have seen before, increasing the sharferenewable energy in our
electricity products is highly dependent on what changes are implemented by our trading
partners. Furthermore, an increase in electromobility will also increase our overall elegtity
demand and further increase our dependency oalectricity imports. Thus, the expected effect on
the EF of Luxembourg might not be a straight forward net positive effect. The result of most
studies is (e.g. Romare & Dahlloéf 2017, BMU 2019) that eléctcars have a clear climate advantage
over vehicles with internal combustion engines. However, these comparisons and the calculated
savings potential are heavily dependent on which categories of cars (small cars, Anahge cars,
upper class) are comparedwith each other. The production of batteries for edctric cars in
particular is a key point: it is very energyintensive and weighs up a large part of the emissions
saved during operation. The production of traction current also has a major impact on ersisns.
The reduction of CQ@emissions in countries wth a high proportion of renewable energies for
traction current is significantly higher than in Luxembourg with currently only around 7 %
renewable energies. The longer electric vehicles are operated, ethless the production is
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important. After a journey of 150,000 km with a mixed driving profile, the total emissions of an
electric vehicle are approx. 24 % below those of petrol engines and 16 % below those of diesel
vehicles (Agora 2019). Further developrants that reduce emissions, especially in production
technology and by promoting renewable energies, increase the climate advantage of eleetro
mobility.

Since the service sector in Luxembourg is very developed and an important source of work, yet
only produces intangible goods and information, it is notdirectly captured in the Ecological
Footprint calculations. The study at hand aimed to evaluate the impact of the service sector in the
Ecological Footprintin order to see if this could explain a disbalare in the Luxembourgish
Ecological Footprint ideally intangible goods from this sector could be embedded in the
AAl AOI AGETT O AO 6A@bi O ORsdogial FodtptnfoRptodubtiorOfiordtheD A AT AT A
sector. Therefore, the carbon Footprint of aroffice employeewas estimated. Our calculation,
however, showed that he global hectares for the employedsvorkplaces (regarding to energy
needs) and seemed toplay a minor role for Ecological Footprintof Luxembourg (0.3 % of the
carbon Footprint). But, accompanying services of the financial and servicendustry such as
lawyers, auditors, fiduciary are not considered in this approach. MoreovelSTATEC (2020)
indicates the service industry consumes as much electricity as the households. The overall impact
of the service sector leads to a negative bias wheat comes to comparing Luxembourg to its
neighbouring countries:

Finally, the last factors assessed for their impact on thecological Footprintof Luxembourg were
food consumption, and household and foodwvaste. The food consumption Footprint was
calculated for plant-based food, fish and food of animal origin. A total of 1,259,78ha or 2.09 gha
capital are needed to cover the demand of food purchased on the territory of Luxemboui@42
gha capital can attributed to the cross-border commuters. There are of course also other nen
residents that do their grocery shopping in Luxembourg as one or the other product is cheaper
here than in their country of resident. However, as the same is true for residés of Luxembourg
that go to Germany, France or Belgium to do their weekly shopping, it might be assumed, that the
EF in this case balances each other olithe Footprint of food consumption in 2008 was calculated
to be 1.49 gha capitd, whereof crossborder commuters accounted for 131,337 gha (0.27 gha
capital) (Hild et al. 2010).Overall, the food Footprint is responsible for a substantial part of the
Ecological Footprintof Luxembourg (ca. 18%) and reducing this Footprint can help improve the
sustainability of Luxembourg. The consumption of food of fish and animal origin (meat, eggs, dairy
products) together makes up 8.9 % of the Luxembourgish food Footprint(c.f. Poore and
Nemecek 2018) thus a reduction in their consumption is an easy way to reducedtcomresponding
Footprint. Luxembourg hasa very highmeat consumption rate(80.07 kg year! capital in 2017,
(FAOSTAT2020)). As excessive meat consumption is also often linked to a rise in nRon
communicable diseasesthe effort to improve the Ecological Footpint of Luxembourg can also
have positive effects on the health of the populatiofe.g. Willett et al. 2019)

A second aproach to reduce the Footprint of food is to reduce food wastéround 1/3 of all
produced food end up as waste; 42 of these 33% wasted food is thrown away at the end
consumer stage(Antigaspi 2020). On top of this, a large portion of household wastdi consists
of organic waste (33.6%), even though national efforts exist to collect organic waste separately
A O OO0A A UdproHuceCodriposfa €nsrgy @h biogas plantsThe study by Schaeler et al
(2019) stated there is a saving potential of 3% corresponding to a reduction in consumption
footprint of at least 0.1 gha capitd. When less food is wasted, less food needs to beoguced or
imported to provide the necessary calories to feed the populatiodoreover, the imports of global
hectares calld decrease over proportionally if local production is not reduced or even increased.
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The approaches presented here to reduce thecological Footprint are only a small insight into the
possible reduction potential. The calculations presented here, in paitular for Luxembourg's
energy consumption, show that measures, on the one handanlead to a reduction in the
Ecological Footprint and, on the other hand might also lead to an increase in resource
consumption that in turn increases the footprint (e.g. electromobility or wood pellet heating
systems (not shown separately). For the same reason, the reduction potentials calculated cannot
be simply summed to evaluate the effect from implemermntg several approaches togetheOverall,

it needs to be noted that each of these calculations is subject to a large number of uncertainties,
which not least relates to the compilation of meaningful comparative data and figuresAs such,
the reduction potertials calculated are therefore not an absolute science and should be more seen
as giving an order of magnitude and scope what is possible to achieve through the implementation
of certain changes and éérts. Each of these approaches presented here is baackby one or more
national studies, some of which are very complex, that shed light on the current situation and
possible future scenarios for Luxembourg, and the results caherefore be used to identfy some
linchpins to incur change Nevertheless, only dew scenarios and approaches were calculated and
discussed here; they provide possible starting points for reducing th&cological Footprint of
Luxembourg. It should, however, not be forgotten that seeral other options and approaches exist.
For example,a reduction of 0.1planets could be achieved by reducing the volume of traffic by
establishing satellite offices at the borders, increasing the use of car sharing or the use of public
transport,andpi I T OET ¢ Ox1 OE £OI i EI I Ad jE8A8 EAxAO
Especially thelatter was shown to work better than expected during the recent lockdown during
the COVIDB19 pandemic. According to a recent survey by the STATEQR020), around 70% of
employees were woking from home during the lockdownand the experience vas in the context

of COVIDB19 lockdown rated as a positive experience by 5% of the participants and neutral by
30 % of the participants. Even before the pandemic around 206 of employees were able tavork

at least for part of their work hours from home. A higher number of hours spent working from
home corresponded to a decrease in job satisfaction whereas1lbh spent working from home
showed an increase in job satisfactionSTATEC 2020)As such, enaling work from home for 1-2
days per week for a large portion of the workforce in Luxembourdgknowing that this is not
possible for all employees in all sectors) might entail two benefits: increased worker satisfaction
and reduced CQ emissions with acorresponding reduction the carbon Footprint of Luxembourg.

Overall, the Ecological Footprint is a tool to communicate the impact of resource consumption on
the environment to the general public in a visual language. For Luxembourthe Ecological
Footprint shows in an impressive way the overuse of available resources and points out that
mainly the use of energies (fossil fuels and electricityqccounting for 7.02 gha capita leads to
this disastrous picture. Therefore, the main addessee of the National Fogirint and Biocapacity
accounts are the representatives of politics and economyho must ensure that Luxembourg is
developed into a sustainable, independent and se#ufficient economy. Nonetheless, the food
Footprint, accountingfor 2.08 gha capital, shows that every single person may contribute to a
more sustainable society by rethinking and changing theown consumption and lifestyle habits.

The lockdown due to the COVIEL9 pandemic showed that world leaders are not afraid téake
drastic measures whenabsolutely necessary. This naturally had several negative effects on the
economy: the global economy crashed dramatically and the total extent of the global economic
consequences is not yet foreseeable. It is not certain if ohen Luxembourg, Europe anthe world

will return to their economic performances before the crisis. From an environmental point of
view, however, this lockdown also had positive consequences with regard to emissions and the
ecological footprint. As a resultwhile Earth Overshoot Dayn 2019 occurred on July 29, COVID
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induced reduction in demand led to Earth Overshoot Day 2020 being pushed back by over three
weeks to August 224 . This special situation demonstrates that reducing consumption is possible
in a short timeframe. However as Global Footprint Network stated in its press release for Earth
Overshoot Day 2020: we need to choose our future by design not by disaster.
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Glossary

This glossary (hee in excerpts) to explain relevant terms used to assess the Ecological Footprint of a
country is provided by the Global Footprint Network Glossary (2020b) and is accessible on
https://www __.footprintnetwork.org/resources/glossary/ .

Biocapacity or biological capacity The capacity of ecosystems to regenerate what people demand from

those surfaces. Life, including human life, competes for space. TB&capacity of a particular surface

represents its ability to renew what people demandBiocapacityis therefore the ecot) OOAT 06 AADPAAEO!L
produce biological materials used by people and to absorb waste material generated by humans, under

current management schemes and extraction technologieBiocapacitycan change from year to year due to

climate, management, and also wat portions are considered useful inputs to the human economy. In the

National Footprint and Biocapacity Accounts, theBiocapacity of an area is calculated by multiplying the

actual physical area by the yield factor and the appropriate equivalence factoBiocapacity is usually

expressed in global hectares.

biological capacity per capitaThere were ~ 12.2 billion hectares of biologically productive land and water

on Earth in 2019. Dividing by the number of people alive in that year (7.7 billion) gives 1 @lobal hectares

per person. This area also needs to accommodate the wild species that compete for the same biological
material and spaces as humans.

biologically productive landand water. The land and water (both marine and inland waters) area that
supports significant photosynthetic activity and the accumulation of biomass used by humans. Non
productive areas as well as marginal areas with patchy vegetation are not included. Biass that is not of

use to humans is also not included. The total biologicallyroductive area on land and water in 2019 was

approximately 12.2 billion hectares.

carbon Footprint:The carbon Footprint measures C&emissions associated with fossil fuel usén Ecological
Footprint accounts, these amounts are converted into biologiclgl productive areas necessary for absorbing
this CQ. The carbon Footprint is added to the Ecological Footprint because it is a competing use of
bioproductive space, since incresing CQ concentrations in the atmosphere is considered to represent a
build-up of ecological debt. Some carbon Footprint assessments express results in tonnes released per year,
without translating this amount into area needed to sequester it.

Consumption Use of goods or of services. The term consumption has two different meaningepending on
context. As commonly used in regard to the Footprint, it refers to the use of goods or services. A consumed
good or service embodies all the resources, includingnergy, necessary to provide it to the consumer. In
full life -cycle accountingeverything used along the production chain is taken into account, including any
losses along the way. For example, consumed food includes not only the plant or animal matter pleceat

or waste in the household, but also that lost during processing or hegest, as well as all the energy used to
grow, harvest, process and transport the food.

As used in InputOutput analysis, consumption has a strict technical meaning. Two types @finsumption
are distinguished: intermediate and final. According to (economic)System of National Accounts
terminology, intermediate consumption refers to the use of goods and services by a business in providing
goods and services to other businesses. Finaonsumption refers to nonproductive use of goods and
services by householdsthe government, the capital sector, and foreign entities.

consumption components (or consumption categorieg§cological Footprint analyses can allocate total

Footprint among consumption components, typically Food, Shelter, Mobility, Goods, and Servieesften

with further resolution into sub-components. Consistent categorization across studies allows for
comparison of the Footprint of individual consumption components across regns, and the relative

Ai1 OOEABOEIT 1 £ AAKE A AGhGi Tolvoid doubl EduntidyAitgstnipbrrdto | OA QAT |
make sure that consumables are allocated to only one component or sabmponent. For example, a

refrigerator might be included in either the food, goods, or shelter component, but only in one.

Consumpibn Land Use MatrixStarting with data from the National Footprint andBiocapacity Accounts, a
Consumption Land Use Matrix allocates the six major Footprint land uses (shown @olumn headings)
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allocated to the five basic consumption components (row heangs). For additional resolution, each
consumption component can be disaggregated further. These matrices are often used as a starting point for
sub-national (e.g. state, countyity) Footprint assessments. In this case, national data for each cell is szl
up or down depending on the unique consumption patterns in that sumational region compared to the
national average.

conversion factorA generic term for factors which are sed to translate a material flow expressed within

one measurement system int@nother one. For example, a combination of two conversion factorO U E AT A
AAAOT 006 AT A OA tidbdatdAHedared ifto giBBalhBdtaée€ Fhe extraction rate consgon

factor translates a secondary product into primary product equivalents.

derived product:The product resulting from the processing of a primary product. For example, wood pulp,
a secondary product, is a derived product of roundwood. Similarly, pap&s a derived product of wood pulp.

double countingin order not to exaggeratehuman demand on nature, Footprint Accounting avoids double
counting, or counting the same Footprint area more than once. Double counting errors may arise in several
ways. For elample, when adding the Ecological Footprints in a production chain (e.g., whéarm, flour mill,
and bakery), the study must count the cropland for growing wheat only once to avoid double counting.
Similar, but smaller, errors can arise in analyzing a pduction chain because the end product is used in
produce the raw materials usel to make the end product (e.g. steel is used in trucks and earthmoving
equipment used to mine the iron or that is made into the steel). Finally, when land serves two purposesye

a farmer harvests a crop of winter wheat and then plants corn to harvesmithe fall), it is important not to
count the land area twice. Instead, the yield factor is adjusted to reflect the higher bioproductivity of the
double-cropped land.

ecological debt or Biocapacitydebt: 4 EA  O0O01 1T &£ AT 1 O0Al AAT 1T CEAAl AAEEAE
exceeded globaBiocapacity in the early 1970s, and has done so every year since. By 2019 this annual

overshoot had accrued into an ecological debt that exceeded lTA A OO 1 £ OdEphod@thi) OES O OI1 O

ecological deficit/reserve orBiocapacity deficit/reserve: The difference between theBiocapacity and

Ecological Footprint of a region or country. An ecological deficit occurs when the Footprint of a population

exceeds theBiocapacity of the area available to that population. Conversely, an ecological reserve exists

when the Biocapacityl £ A OACEI 1T A@AAAAO EOO DPi pOI AGETT60 &I 1 OF
ecological deficit, it means that the region ismporting Biocapacity through trade or liquidating regional

ecological assets, or emitting wastes into a global common such as the atmosphere. In contrast to the

national scale, the global ecological deficit cannot be compensated for through trade, anthisrefore equal

to overshoot by definition.

Ecological Footprint:A measure of how much area of biologically productive land and water an individual,

population or activity requires to produce all the resources it consumes and to absorb the waste it

generaes, using prevailing tetinology and resource management practices. The Ecological Footprint is

OO00ATT U I AAOGOOAA ET ci 1T AAl EAAOAOAO8 "AAAOOA OOAAA EC
land or sea from all over the world. Without furtherspecification, EcologichFootprint generally refers to

the Ecological Footprint of consumption. Ecological Footprint is often referred to in short form as Footprint.
OwAT 11T CEAAT &1 1 OPOET 06 AT A O&i 1 OPOET 006 lizzkdA DPOI PAO 11 C
Ecological Footpmt of consumption (EFC)'he most commonly reported type of Ecological Footprint, it is
AAEET AA AO OEA AOAA OOCAA OI 0O0OPPTI OO A AAEET AA pPi DOl A
gha) includes the area needed to produdke materials consumed ad the area needed to absorb the carbon

dioxide emissions. The consumption Footprint of a nation is calculated in the National Footprint and
Biocapacity! AAT 01 00 A0 A TAOEIT 160 POEI AOU bOI AdAbgthel &1 1T OD
Footprint of exports, and is thus, strictly speaking, a Footprint of apparent consumption. The national
AOAOACA 1T £ PpAO AAPEOA #1171 00i POETT &1 1T OPOET O EO ANOAI
population.

Ecological Footprint 8&andards: Specified criteria governing methods, data sources and reporting to be used

in Footprint studies. Standards were established by the Global Footprint Network Standards Committee,
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composed of scientists and Footprint practitioners from around the wrld. The latest ones ardrom 2009.

Standards serve to produce transparent, reliable and mutually comparable results in studies done
throughout the Footprint Community. Where Standards are not appropriate, Footprint Guidelines should

be consulted. For moe information, consult www.footprintstandards.org.

embodied energg %I AT AEAA A1 Aocu EO OEA AT AOgU OOAA AOOET ¢
manufacture, transport, use and dispose of the product. Footprint studies often use embodied energy when

tracking trade of goods.

equivalence factorA productivity -based scaling factor that converts a specific land type (such as cropland
or forest) into a universal unit of biologically productive area, a global hectare. For land types (e.g.,
cropland) with productivity higher than the average productivity of all biologically productive land and
water area on Earth, the equivalence factor is greater than 1. Thus, to convert an average hectare of cropland
to global hectares, it is multiplied by the cropland egivalence factor of 2.51.Grazing lands, which have
lower productivity than cropland, have an equivalence factor of 0.46 (see also yield factor). In a given year,
equivalence factors are the same for all countries.

global hectare (gha):Global hectares arghe accounting unit forthe Ecological Footprint andBiocapacity

accounts. These productivityweighted biologically productive hectares allow researchers to report both

the Biocapacityof the earth or a region and the demand oBiocapacity (the EcologicalFootprint). A global

hedare is a biologically productive hectare with world average biological productivity for a given year.

Global hectares are needed because different land types have different productivities. A global hectare of,

for example, croplard, would occupy a smallemphysical area than the much less biologically productive

pasture land, as more pasture would be needed to provide the saBécapacityas one hectare of cropland.

Because world productivity varies slightly from year to year, the &lue of a global hectaramay change

slightly from year to year.

overshoot: 1 T AAT 1T OAOOEI T O 1T AAOOO xEAT EOI ATEOQUBO AAT AT A 1
OACAT AOAOEOA AAPAAEOUS8 30AE 1T OAOOEI T O drahdaphksban®d A AAD]
buildup of waste. At the global level, ecological deficit and overshoot are the same, since there is ne net

import of resources to the planet. Local overshoot occurs when a local ecosystem is exploited more rapidly

than it can renew itsdf.

yield: The amount ofregenerated primary product, usually reported in tons per year, that humans are able
to extract per area unit of biologically productive land or water.

yield factor: A factor that accounts for differences between countries in produtivity of a given land type.
Each country and each year has yield factors for cropland, grazing land, forest, and fisheries. For example,
in 2008, German cropland was 2.21 times more prodtive than world average cropland. (The German
cropland yield factar of 2.21, multiplied by the cropland equivalence factor of 2.51 converts German
cropland hectares into global hectares: one hectare of cropland is equal to 5.6 gha.

Note that primary product and primary production Footprint are Footprint specific terms. They are not
related to, and should not be confused with the ecological concepts of primary production, gross primary
productivity (GPP) and net primary productivity (NPP).
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Appendix

A.1 National Footprint Accounting 2019 Edition

- Luxembourg 2016 by GFN (GFN 2016)

National Footprint Accounts 2019 Edition - Data Year 2016

Luxembourg

rint and Biocapacity Totals
Demand Type
[-]

Ecological Footp

EFProducuon EFlmports EFExpons
[gha] [ghal [gha]

EFconsumption
[gha]

Biocapacity

Crop 165.875 734.311 388.207 511.979 165.875
Grazing 41.200 396.703 73.485 364.418 41.200
Forest Products 244.245 930.138 522.205 652.177 458.109
Fish - 95.224 9.714 85.510 384
Built-up 47.037 - - 47.037 47.037
Carbon 3.057.004 7.468.328 4.752.600 5.772.731 -

TOTAL 3.555.361 9.624.703 5.746.212 7.433.853 712.605

Ecological Footpri
Demand Type
[-]
Crop
Grazing
Forest Products
Fish
Built-up
Carbon
TOTAL

EFlmports EFExpons

[gha person'l]

EFproduction
[gha person'l]

[gha person'l]

EFconsumption
[gha person"]

Biocapacity
[gha person'l]

0,80
0,00
0,08
0,00
1,24

Per Capita

Luxembourg Luxembourg

Available Biocapacity [gha] 712.605

Footprint of Production [gha] 3.555.361 20.508.908.286
Net Imports [gha]

Footprint of Consumption [gha]

(BC - EFp) [gha] -2.842.756 -8.339.624.920
(BC - EFc) [gha] -6.721.248

Number of planets demanded if world's population

lived like residents of Luxembourg

7,92
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A.2 National Footprint Accounting 2019 Edition - Luxembourg 2016 by IBLA

National Footprint Accounts 2019 Edition - Data Year 2016

Luxembourg

Ecological Footprint and Biocapacity Totals
Demand Type EFproduction EFimports EFexports EFconsumption Biocapacity
[-] [gha] [gha] [gha] [gha] [gha]

Crop 167,642 735,312 386,497 516,457 164,936
Grazing 73,340 399,951 107,220 366,071 73,340
Forest Products 244,245 930,138 522,205 652,177 443,098
Fish - 95,196 9,714 85,482 375
Built-up 96,455 - - 96,455 96,455
Carbon 3,057,004 7,468,328 4,770,529 5,754,803 -

|TOTAL 3,638,685 9,628,925 5,796,165 7,471,445 778,204

Ecological Footprint and Biocapacity Per Capita
Demand Type EFproduction EFimports EFexports EFconsumption Biocapacity
[-] [gha person'l] [gha person'l] [gha person'l] [gha person'l] [gha person'l]

Crop
Grazing 0.13
Forest Products 0.77
Fish 0.00
Built-up 0.17
Carbon 0.00
TOTAL 1.35
Per CEpiiE Number of planets demanded if world's population

; n n Luxembourg Luxermbourd SERES lived like repsidents of Luxembourg Pt 7 : 96
Available Biocapacity [gha] 778,204
Footprint of Production [gha] 3,638,685
Net Imports [gha] 3,832,760
Footprint of Consumption [gha] 7,471,445
(BC - EFp) [gha] -2,860,481 -8,339,624,920
(BC - EFc) [gha] 6,693,241
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A.3 National Footprint Accounting 2019 Edition - Luxembourg 2018 by IBLA

National Footprint Accounts 2019 Edition - Data Year 2018

Luxembourg

Ecological Footprint and Biocapacity Totals
Demand Type EFproduction
[-] [gha]

EFImpor(s EFExparts EFCcnsumptinn Biocapacity
[gha] [gha] [gha] [gha]

Crop 226.166 736.212 357.655 604.722 182.541
Grazing 73.877 368.026 98.237 343.666 73.877
Forest Products 338.706 1.203.325 711.524 830.507 439.713
Fish - 88.825 9.716 79.109 375
Built-up 105.251 - - 105.251 105.251
Carbon 3.176.150 7.292.681 4.806.720 5.662.111 -

|TOTAL 3.920.151 9.689.069 5.983.853 7.625.367 801.758

Demand Type EFproduction

EFimports EFexports EFconsumption Biocapacity

[ [gha person™] [gha person] [gha person™] [gha person’] [gha person]
Crop 0,38 1,22 0,30
Grazing 0,12 0,61 0,12
Forest Products 0,56 2,00 0,73
Fish 0,00 0,15 0,00
Built-up 0,17 0,00 0,17
Carbon 5,28 12,11 0,00
TOTAL 6,51 16,09 1,33
Per Capita X : q :
TR 7, 77
Available Biocapacity [gha] 801.758
Footprint of Production [gha] 3.920.151
Net Imports [gha]
Footprint of Consumption [gha]
(BC - EFp) [gha] -3.118.393 -8.339.624.920
(BC - EFc) [gha] -6.823.609
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