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For a long time, economists 
have analysed the socio-eco-
nomic reality while ignoring 
the context of the biophysical 

environment. Even today, despite de-
cades of brilliant contributions from 
the fields of ecological economics and 
social ecology, most professionals in 
the field of economics fail to incor-
porate the ecological pressures and 
impacts associated with production 
into their work. Most conventional 
economic analysis starts from implicit 
assumptions such as the absence of 
limits to natural resources and/or the 
rejection of the most elemental laws 
of physics in relation to energy, such 
as the laws of thermodynamics. As 
well as a shortcoming of the science 
of economics, this is also a bias that 
is transmitted, culturally and ideo-
logically, throughout the entire poli-
tical and social sphere. Economists, 
ultimately, condition and influence all 
spaces of power with their worldview.

Breaking this dynamic is no easy 
task. Firstly, because university re-
search and professional advancement 
in this field depend too much on es-
tablished unchanging practices and 
academic incentives that bind resear-
chers to conventional scientific para-
digms. Secondly, because the world-
view expressed in standard economic 
analyses is a function of the interests 
of important economic stakeholders 
who, for their own social reproduc-
tion, require the negation or underes-
timation of the ecological pressures 

and impacts associated with produc-
tion activity. 

However, ever since the debate re-
garding the limits of growth emerged 
in the 1970s, sounding the alarms re-
garding a potential or even probable 
ecological collapse of the industrial 
society, the scientific evidence has 
multiplied to the extent that it is now 
overwhelming; we’re running out of 
time to react if we want to prevent 
disaster. Today, the phenomenon of 
climate change is familiar to us all, 
expressing the impacts on the pla-
net and its ecosystems of the way we 
produce, distribute and consume. But 
environmental pressures and impacts 
go far beyond climate change.

The modern industrial society was 
made possible thanks, in no small 
part, to the existence of fossil fuels. 
This opened the door to the Industrial 
Revolution and, later, the Great Acce-
leration experienced since the midd-
le of the 20th century. Moreover, this 
cheap energy was an important factor 
in most political-institutional designs, 
from urban geography to the very 
development of modern democracy. 
Our entire civil society is sustained, 
directly or indirectly, by a certain 
type of appropriation of resources 
and energies from nature, accumula-
ted across the planet for millions of 
years. That has also permitted the 
multiplication of the human popula-
tion, the manufacturing of products, 
general consumption and, ultimate-
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ly, the improved life conditions of the 
population. But can this particular re-
lationship between the economy and 
the nature last for ever?

The answer is a resounding “no”. The 
social metabolism of our society is 
imbalanced. The asymmetrical use of 
resources and energy under this mo-
del of production and consumption 
is causing ecological pressures that 
push social metabolism out of kilter 
with the planet’s security limits. Put 
another way, if we remain on this tra-
jectory we are heading towards the 
disappearance of civilisation as we 
know it today.

That’s why, in light of the triple emer-
gency of climate change, loss of bio-
diversity and pollution recently sig-
nalled by the UN, or the focus on 
planetary boundaries postulated by 
the scientific community, our model 
of production and consumption requi-
res a profound transformation geared 
towards adapting to the ecological li-
mits of the planet. 

Not exceeding the ecological cei-
ling involves, in some cases, redu-
cing certain types of consumption. 
In other cases, they will have to be 
replaced. However, there will also 
be forms of consumption that will 
have to be increased, especially for 
the most vulnerable layers of socie-
ty that haven’t reached the level that 
could be understood as a social floor. 
In this sense, sustainability is not to 

be understood as a neutral, aseptic, 
or technical idea, but one that must 
be framed in a view of social metabo-
lism that incorporates elements such 
as equality and solidarity. We cannot 
forget that the responsibilities for 
ecological pressures and impacts are 
no longer the same, nor does the da-
mage caused affect all of civil society 
in the same way. In class-structured 
societies, this not only has an impor-
tance in spatial terms but also an es-
sentially social and political one.

In effect, for the ecological transition 
to progress satisfactorily, the ecolo-
gical phenomenon must be tackled 
from a comprehensive approach. In 
fact, on a planet with finite resour-
ces and limited capacity to assimi-
late waste, the production and con-
sumption model must be revised on 
a global scale. Our model is not a 
self-contained compartment but part 
of a system or network of ecological 
interrelations on a global scale that 
affects many dimensions of our lives. 
For example, the richest countries re-
ducing their domestic footprints by 
externalising their economic activity 
and thereby simply exporting aspects 
like environmental pollution does not 
resolve the eco-social challenges we 
face. 

This report represents progress in 
this direction. On the one hand, the 
limitations of the field of economics 
have been let go and the case has 
been made for assuming the inevi-
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table reality that the model of pro-
duction and consumption generates 
ecological pressures and impacts. On 
the other hand, making use of a rigo-
rous scientific methodology can help 
address how consumption influences 
the generation of these pressures and 
impacts. Consumption has also long 
been ignored as a driver of transfor-
mation, despite the fact that without 
consumption there would be no pro-
duction. Both actions are, in fact, di-
fferent aspects of the same pheno-
menon. This report helps cover this 
shortcoming and invites us to rethink 
our patterns of consumption and li-
festyles to begin building habits that 
don’t exceed the ecological limits of 
the planet and do not place the biolo-
gical security of the rest of humanity 
and all living creatures at risk.

The need to reduce the dependen-
cy on fossil fuels through a renewa-
ble energy transition is evident, as is 
the need to foster a circular economy 
that also reduces the dependency 
on critical minerals through eco-de-
sign, reuse and repairability to tackle 
the issue of premature obsolescence 
which has prevailed in industrialised 
societies. The way we feed ourselves 
is also key, not just for our individual 
health but also for the health of our 
planet. Many daily practices can help 
improve it. Of course, that doesn’t 
mean the ultimate responsibility for 
the response to the eco-social crisis 
should fall on consumers, much less 
those who have fewer resources. The 

greatest eco-social impacts are mo-
reover, generated among the weal-
thier classes of modern societies. But 
none of this justifies failing to do what 
is in our own hands, and it is true that 
policies on the demand side can and 
should complement all those policies 
on the supply side that are aimed at 
reorientating production activity to 
uncouple it from ecological pressures 
and limits.

The Consumer Agenda 2021-2025, 
which guides the policy of the EU in 
this area establishes the will to have 
consumers play an active role in the 
ecological transition. I believe this 
is the correct approach. I am in full 
agreement with the words of the Com-
missioner for Justice and Consumer 
Protection, Didier Reynders, when he 
says, “If we don’t change our beha-
viour, if we don’t consume less, if we 
don’t consume better, we won’t reach 
the objective set out in the Green 
Deal.” We should be even more ambi-
tious and consider that, without it, we 
won’t achieve the transformation to a 
fairer and sustainable reality. That’s 
why we’ll never tire of saying that our 
consumption is a political act.

Here at the Ministry of Consumer 
Affairs, we have embarked on this 
mission in line and in collaboration 
with the European Commission. This 
collaboration with the Joint Research 
Centre (JRC) is a fine example of that 
and will soon be followed by the de-
velopment and future application of a 
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directive to see that consumers play 
an active role in the ecological tran-
sition.

Contrary to positions based on eco-
logical denial, the responsible attitu-
de to take to the challenges we face 
today is to act in accordance with 
the scientific knowledge. This report, 
drafted by the professionals dedica-
ted to scientific research, is an impor-
tant contribution to the task of buil-
ding a fairer world on an inhabitable 
planet. 

Alberto Garzón,
Minister of Consumer Affairs
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1.1. Why measure the 
environmental impacts of
Spain’s consumption?

Environmental protection is one of 
the core principles of the European 
Union (EU) and has been integrated 
into an increasing number of its poli-
cies. For its part, the Spanish Consti-
tution states in Article 45: “Everyone 
has the right to enjoy an environment 
suitable for personal development, as 
well as the duty to preserve it”, and 
calls on public authorities to safe-
guard the “rational use of all natural 
resources with a view to protecting 
and improving the quality of life and 
preserving and restoring the environ-
ment”. In line with this and with the 
global and European context itself, 
the environmental dimension is now 
also shaping many of Spain’s policies. 
A good reflection of this is the Reco-
very, Transformation and Resilience 
Plan, in which the ecological transi-
tion is the first of the axes that make 
up the agenda of investments and 
structural reforms proposed by the 
Spanish government to emerge from 
the COVID-19 crisis.

Within the economic activities that 
impact on the global environment, 
the consumption of goods and servi-
ces is recognised as one of the main 
drivers of this impact. Addressing the 
environmental impacts of consump-
tion is therefore of utmost importan-
ce in order to meet the environmen-
tal objectives and targets set by both 
the EU and the Spanish State. 

On a global scale, the 2030 Agenda, 
with its 17 Sustainable Development 
Goals (SDGs) (UN, 2015), is the key 
benchmark on the road to sustainabi-
lity (EC, 2016). Responsible produc-
tion and consumption are at the core 
of SDG 12 and are also addressed in 
other SDGs such as SDG 11 on sus-
tainable cities and communities and 
SDG 9 on industry, innovation and 
infrastructure. The environmental 
impacts generated by consumption 
also have an impact on a number of 
the SDGs, including SDG 3 on good 
health and well-being, SDG 6 on 
clean water and sanitation, SDG 13 
on climate action and SDGs 14 and 
15, relating to life under water and 
on land, respectively. Sustainability 
of Consumption is central to many EU 
environmental policies. 

Within the EU context, the European 
Green Deal (EC, 2019) and the 8th 
Environment Action Programme (EC, 
2020a), which will be guiding EU en-
vironmental policies up to 2030, hi-
ghlight the need to live well within the 
ecological limits of our planet. Measu-
ring environmental impacts over time 
and the extent to which the impacts 
of the production and consumption 
pattern are decoupled from economic 
growth are institutionally targeted as 
essential elements when it comes to 
assessing the success of the envi-
ronmental policies mentioned above 
(European Parliament and Council, 
2013). Assessing the environmental 
impacts over time due to production 
and consumption can help monitor 
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progress towards achieving the ambi-
tions of the European Green Deal (EC, 
2019), such as those of the Farm to 
Fork Strategy (EC, 2020b), the Bio-
diversity Strategy (EC, 2020c), the 
New Circular Economy Action Plan 
(EC, 2020d), the Chemicals Strate-
gy for Sustainability (EC, 2020e) and 
the Zero Pollution Action Plan (EC, 
2021a). 

Furthermore, the “Beyond GDP” ini-
tiative stresses the importance of de-
veloping indicators that are as clear 
and attractive as Gross Domestic 
Product (GDP), but more inclusive 
of environmental and social aspects 
of progress (EC, 2009). The Single 
Market for Organic Products initiati-
ve (EC, 2013) aims to remove mar-
ket barriers that may limit the uptake 
of organic products. Furthermore, 
the Bioeconomy Strategy (EC, 2018) 
aims at a transition towards a sus-
tainable use of biological resources to 
replace fossil fuels. In general, better 
regulation with its toolbox foresees 
the enhanced application of life cycle 
analysis to support policy impact as-
sessments (EC, 2021b).

In the case of Spain, some of the 
most important milestones that have 
taken place recently in terms of en-
vironmental policies have been the 
approval of the Climate Change and 
Energy Transition Law (2021) which, 
together with the National Integra-
ted Energy and Climate Plan (2021-
2030) (MITECO, 2020), point to a 
significant reduction in greenhouse 

gas emissions through the decarbo-
nisation of the Spanish energy sys-
tem, as well as the Spanish Circular 
Economy Strategy (MITECO, 2020) 
in line with the European strategy 
itself and aimed at closing material 
cycles, as far as possible, in the di-
fferent economic sectors. There are 
also many other legislative projects 
underway in different areas such as 
the Law on Waste and Soil Contami-
nation, the Law on Water and the Law 
on Animal Welfare.

All these initiatives seek to reduce 
the environmental impacts linked to 
economic activity itself, not only tho-
se that take place in the territory it-
self, but also those that go beyond 
our own borders, but whose impacts 
also end up, in one way or another, 
having repercussions on our own we-
ll-being, with the impacts linked to 
climate change being the best exam-
ple of this. There is also growing con-
cern among Spanish citizens about 
these impacts. According to the Spe-
cial Eurobarometer 513 of March-
April 2021, just over eight out of ten 
respondents (81% compared to the 
EU average of 78%) indicated that 
climate change is a very serious pro-
blem, placing it third as the most im-
portant problem after the economic 
situation and poverty and hunger. In 
turn, 77% of people in Spain believe 
that their consumption habits nega-
tively affect the environment in Eu-
rope and the rest of the world (Spe-
cial Eurobarometer 501, December 
2019). When it comes to opinions on 
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the most effective ways to tackle en-
vironmental problems, the two main 
responses are: “changing the way we 
consume” and “changing the way we 
produce and trade”.

Measuring the environmental impacts 
of Spain’s consumption is a first step 
towards assessing the sustainabili-
ty of our consumption insofar as our 
purchasing decisions and lifestyles 
have great potential to transform 
economic relations towards greater 
sustainability.

1.2. Why is life cycle analysis 
useful for assessing the 
environmental impacts of 
consumption?

The life-cycle perspective is a basic 
concept that refers to the need to 
assess the burden and benefits as-
sociated with products, sectors and 
projects by adopting a life-cycle pers-
pective, from the extraction of raw 
materials to the end of their useful 
life. The life cycle perspective can be 
applied to the economic, social and 
environmental pillars. The environ-
mental pillar of the life cycle perspec-
tive is mainly based on the Life Cycle 
Assessment (LCA) methodology.

Compared to other methodologies 
with a narrower perspective, LCA has 
the advantage of taking into account 
potential burdens shifting between 
life cycle stages and environmental 
impacts, allowing for a comprehensi-
ve assessment.

According to the International Or-
ganisation for Standardisation (ISO) 
(2006a, b), LCA is based on four main 
steps (Figure 1):

1. Definition of objective and scope. 
This step includes the overall de-
sign of the study, e.g. defining the 
specific objectives of the study, 
describing the assumptions of the 
model, identifying the target au-
dience, etc.

2. Definition of the life cycle inven-
tory. In this step, data must be 
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collected on inputs, i.e. resources, 
and outputs, i.e. emissions in the 
different environmental compart-
ments, entering and leaving the 
system under study.

3. Environmental impact assessment. 
In this step, the impacts of resour-
ce use and environmental emis-
sions reported in the inventory are 
calculated using environmental 
impact assessment models. In this 
step, various methods and envi-
ronmental impact models can be 
chosen. The European Commission 
recommends the use of the Envi-
ronmental Footprint method (EC, 
2021c). This environmental impact 
method considers 16 indicators re-
ferring to different environmental 
impacts, such as climate change, 
water eutrophication, use of fossil 
resources, and use of mineral re-
sources and metals (EC, 2107). In 
addition, these 16 indicators can 
be normalised by global impacts 
and weighted to be summarised 
in a single index. Compared to the 
16 indicators, the weighted index 
has the advantage of being more 
effective for communication and 
for supporting the selection of al-
ternatives, but at the same time 
it “hides” some of the complexity 
of the different environmental im-
pacts, and introduces a subjecti-
ve element, i.e. weighting, which 
may affect the results. On the 
other hand, environmental impact 
assessment methods and models 
can be applied to assess environ-
mental damage in three areas of 

protection, namely: human health, 
ecosystem health and natural re-
sources. 

4. Interpretation of results. This step 
aims to fulfil the objective and sco-
pe of the study. Typical questions 
that can be answered at this stage 
are: “What are the most impactful 
stages of the supply chain?”, “What 
are the environmental effects of a 
given policy?”. LCA results are cha-
racterised by different sources of 
uncertainty that need to be taken 
into account in the interpretation 
of the results. The definition of the 
life cycle inventory is subject to the 
availability of information to des-
cribe the system. What’s more, im-
pact assessment models are also 
characterised by uncertainties, 
which to varying degrees influence 
the robustness of the results. For 
example, the Environmental Foo-
tprint method provides information 
on the level of uncertainty of the 
models used in the 16 indicators 
(details on the robustness of each 
indicator are provided in Annex 1).
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Figure 1. Steps of Life Cycle Analysis (translated from Sala et al., 2019).

LCA and the DPSIR framework (drivers, pressure, state, impacts 
and responses)
The underlying logic of LCA is linked to the “Driver-Pressure-State-Impact-Response” 
(DPSIR) framework for reporting on environmental problems (Smeets and Weterings, 
1999). When defining the life cycle inventory of a product, sector or project, the dri-
vers of environmental problems should be identified and the resulting pressures quan-
tified. The impacts on the environment are then calculated through the use of impact 
assessment models. Finally, interpretation of the results allows for testing the effects 
of responses, such as policies, on the environmental impacts of products, sectors and 
services.

Interpretation of the results:
Life cycle inventory: tests the effects ofW
models drivers and responses

pressures
Drivers Response

(Economic activities. (policy, market
consumption  responses, behavioural
patterns...) changes...)

Pressures
(Emissions to air, Impacts
soil, water; use of (impacts on water,

resources...) air, soil, quality...)

Impacts assessment:
State assesses the impacts on the

(Availability of environment (16 indicators)
resources, water,

soil, and air
quality...)

(Figura traducida de Sala et al., 2019)

1. Definition of goal and scope 
4. Interpretation 

of the results

3. Impact assessment

16 impacts, e.g.

Normalisation
weighting 

Endpoint 

1 single score 
indicator

Impacts on 
areas of 

protection  

2. Life cycle inventory

 

! Output
(emissions)

Inputs
(resources)
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In this study, environmental impacts 
are analysed on the basis of the En-
vironmental Footprint method, which 
includes the 16 environmental impact 
categories described below:

Climate change

This indicator refers to the increase 
in average global temperatures as 
a result of greenhouse gas (GHG) 
emissions. The largest contributor is 
generally the burning of fossil fuels 
such as coal, oil and natural gas. The 
global warming potential of all GHG 
emissions is measured in kilograms 
of carbon dioxide equivalent (kg CO2 

eq), i.e. all GHGs are compared to 
the amount of global warming poten-
tial of 1 kg CO2.

Depletion of the ozone layer 

The stratospheric ozone layer (O3) 
protects us from dangerous ultra-
violet radiation (UV-B). Depletion in-
creases skin cancer in humans and 
damage to plants. The potential im-
pacts of all ozone depletion relevant 
substances are converted into their 
equivalent kilograms of Trichlorofluo-
romethane (also called Freon-11 and 
R-11); therefore the unit of measure-
ment is in kilograms of CFC-11 equi-
valent (kg CFC-11 eq.).

Human toxicity, carcinogenic
effects 

This indicator refers to potential im-
pacts on human health caused by the 

uptake of substances through air, wa-
ter and soil. Direct effects of products 
on humans are currently not measu-
red. The unit of measurement is the 
Comparative Human Toxicity Unit
(CTUh). This is based on a model ca-
lled USEtox (Fantke et al., 2017).

Human toxicity, non-carcinogenic 
effects 

This indicator refers to potential im-
pacts on human health caused by the 
uptake of substances through air, wa-
ter and soil. Direct effects of products 
on humans are currently not measu-
red. The unit of measurement is the 
Comparative Human Toxicity Unit
(CTUh). This is based on the USEtox 
model (Fantke et al., 2017).

Particulate matter 

This indicator measures the adverse 
impacts on human health caused by 
emissions of particulate matter (PM) 
and its precursors (e.g. NOx, SO2). 
Generally, the smaller the particles, 
the more dangerous they are, as they 
can penetrate deeper into the lungs. 
The potential impact is measured as 
the change in mortality due to par-
ticulate emissions, expressed as the 
incidence of disease per kg of PM2.5 

(particulate matter below 2.5 mi-
crons) emitted.

Ionising radiation 

Exposure to ionising radiation (ra-
dioactivity) can have an impact on 
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human health. Only emissions un-
der normal operating conditions are 
taken into account (accidents in nu-
clear power plants are not conside-
red). The potential impact on human 
health of different ionising radiation 
is converted into kilobecquerel equi-
valents of uranium-235 (kBq U235 eq).

Photochemical ozone formation

Ozone (O3) in the troposphere is har-
mful: it attacks organic compounds in 
animals and plants, increases the fre-
quency of respiratory problems when 
photochemical smog is present in
cities. The potential impact of subs-
tances contributing to photochemi-
cal ozone formation is converted into 
kilogram equivalents of non-metha-
ne volatile organic compounds (NM-
VOCs) (e.g. alcohols, aromatics, etc.; 
kg of NMVOC equivalent).

Acidification 

Acidification has contributed to the 
decline of coniferous forests and in-
creased fish mortality. It can be cau-
sed by emissions to the air, water and 
soil. The most important sources are 
combustion processes in electricity 
generation, heating production and 
transport. The contribution to acidi-
fication is higher when fuels contain 
a high level of sulphur. The potential 
impact of substances contributing
to acidification is converted into the 
equivalent moles of hydrogen (gene-
ral name for a cationic form of atomic 
hydrogen, mol H+ equivalent).

Terrestrial eutrophication 

Eutrophication affects ecosystems
due to substances containing nitro-
gen (N) or phosphorus (P). These nu-
trients trigger the growth of specific 
algae or plants and limit growth in 
the original ecosystem. The potential 
impact of substances contributing to 
terrestrial eutrophication is converted 
into the equivalent of moles of nitro-
gen (mol N equivalent).

Eutrophication of freshwater 

Eutrophication affects ecosystems
due to substances containing nitro-
gen (N) or phosphorus (P). If the 
algae grow too fast, they can leave 
the water without enough oxygen for 
fish to survive. Nitrogen emissions to 
the aquatic environment are mainly 
due to fertilisers used in agriculture 
but are also due to combustion pro-
cesses. The most important sources 
of phosphorus emissions are was-
tewater treatment plants for urban 
and industrial effluents and leaching 
from agricultural land. The potential 
impact of substances contributing to 
freshwater eutrophication is conver-
ted into kilogrammes of phosphorus 
equivalent (kg P equivalent).

Marine eutrophication 

Eutrophication affects ecosystems
due to substances containing nitro-
gen (N) or phosphorus (P). As a ge-
neral rule, the availability of one of 
these nutrients will be a limiting fac-
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tor for growth in the ecosystem and 
adding this nutrient will increase the 
growth of specific algae or plants. For 
the marine environment, this is main-
ly due to an increase in nitrogen (N). 
Nitrogen emissions are mainly due to 
agricultural use of fertilisers, but also 
to combustion processes. The poten-
tial impact of substances contributing 
to marine eutrophication is converted 
into kilogrammes of nitrogen equiva-
lent (kg N equivalent).

Freshwater ecotoxicity 

This indicator refers to potential to-
xic impacts on an ecosystem, which
may harm individual species as well
as the functioning of the ecosystem
itself. The emission of toxic substan-
ces that are a danger to organisms
such as fish, algae and other organis-
ms living in fresh water is therefore
recorded. Some of these substances 
have a tendency to accumulate in li-
ving organisms. The unit of measu-
rement is the Comparative Toxic Unit 
(CTUe). This is based on the USEtox 
model (Fantke et al., 2017)

Land use

Use and transformation of land for 
agriculture, roads, housing, mining
or other purposes. Impacts may vary 
and include loss of species, loss of
soil organic matter content or loss of 
soil itself (erosion). This is a compo-
site indicator that measures impacts
on four soil properties (biotic produc-
tion, erosion resistance, groundwater 

regeneration and mechanical seepa-
ge), expressed in points (Pts).

Water use

Water abstraction from lakes, rivers 
or groundwater can contribute to the 
“depletion” of available water. The 
impact category considers the avai-
lability or scarcity of water in the re-
gions where the activity takes place if 
this information is known. The poten-
tial impact is expressed in cubic me-
tres (m3) of water use related to local 
water scarcity.

Use of fossil resources 

The earth contains a finite amount 
of non-renewable resources, such as 
fossil fuels like coal, oil and gas. The 
basic idea behind this impact cate-
gory is that resource extraction today 
will force future generations to ex-
tract fewer or different resources. For 
example, the depletion of fossil fuels 
can lead to the unavailability of fos-
sil fuels for future generations. The 
amount of materials that contribute 
to resource use, fossils, are conver-
ted into megajoules (MJ).

Use of mineral resources and me-
tals

The basic idea behind this impact ca-
tegory is the same as that behind the 
resource use impact category, fossil 
(i.e. extracting a high concentration 
of resources today will force future 
generations to extract resources of 
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lower concentration or lower value). 
The amount of materials contributing 
to resource depletion is converted 
into kilogram equivalents of antimony 
(kg Sb equivalent).
 

1.3. How to measure the 
environmental impacts of 
consumption?

The environmental impacts generated 
by consumption and, more generally, 
by people’s lifestyles, is a growing to-
pic in the scientific literature. Carbon, 
water, land, soil, materials and other 
footprints take a consumption-based 
approach, i.e. they consider the full 
life cycle of products and allocate im-
pacts to the end consumer. They differ 
from the production-based approach, 
which instead assigns impacts to the 
producer of goods (Hertwich and Pe-
ters, 2009; Davis and Caldeira, 2010; 
Wiedmann et al., 2015).

The EU’s Joint Research Centre (JRC) 
has developed a framework for as-
sessing the environmental impacts 
of production and consumption in the 
EU and Member States based on the 
Life Cycle Assessment (LCA) method 
(Sala and Sanyé Mengual, 2022) (Fi-
gure 2). On the one hand, the Do-
mestic Footprint assesses the envi-
ronmental impacts that take place 
within the territory, resulting from the 
production and consumption of goods 
and services, including infrastructu-
re impacts (e.g. mobility, wastewater 
treatment and waste management). 
On the other hand, the Consumption 
Footprint assesses the environmental 
impacts of the apparent consumption 
of goods, including impacts, taking 
into account both production and ex-
port/import trade.
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In this study, based on the same me-
thodology used for the EU (Sala and 
Sanyé Mengual, 2022; Sala et al., 
2019), the methodological framework 
for assessing the environmental im-
pact of consumption in Spain con-
siders a number of key principles. 
Firstly, the modelling approach is con-
sumption-oriented, i.e. the assess-
ment of the impact of final consump-
tion. Secondly, the framework applies 
a systematic thinking approach, i.e. 
it includes different interconnected 
components of production and con-
sumption to assess impacts. Finally, 
life cycle perspective and assessment 
are the basis for modelling and im-
pact assessment.

The LCA was conducted following 
the recommendations of the Envi-

ronmental Footprint (EF 3.0) impact 
assessment model (EC, 2017). Three 
steps have been implemented: 1) the 
calculation of impacts, for 16 impact 
categories; 2) their normalisation 
against a reference system (global 
level environmental impacts, adapted 
from Crenna et al., 2018); 3) their 
weighting, in order to derive a single 
weighted and aggregated score with 
the use of weighting factors deve-
loped in the context of the Environ-
mental Footprint (Sala et al., 2018).

The Domestic Footprint (Figure 3) 
consists of a set of 16 LCA-based in-
dicators (also available as a weigh-
ted index) that aim to quantify the 
environmental impacts due to do-
mestic production and consumption, 
thus limiting the scope to emissions 

Figure 2. Summary of the methodological framework of the Consumption
Footprint and the Domestic Footprint (adapted from Sanyé-Mengual et al, 2022).
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(as well as extracted resources) wi-
thin the EU territory, translated into 
impacts through the Environmental 
Footprint impact models. This indi-
cator is based on an extensive data 
collection of detailed information on 
environmental emissions and resour-
ce extraction within EU and Member 
State borders, resulting in a compre-
hensive inventory of environmental 
pressures due to domestic production 
and consumption (Sanye Mengual et 
al, 2022).

The Consumption Footprint (Figure 
3) is a set of 16 LCA-based indicators 
(also available as a weighted index) 
intended to quantify the environmen-
tal impacts of consumption at EU and 
Member State level. This comprehen-
sive bottom-up approach is based on 
a combination of:

a) emissions to air, soil and wa-
ter, as well as the resources 
used throughout the life cycle 
of around 160 representative 
products, belonging to 5 areas 
of consumption (food, mobility, 
housing, household goods and 
appliances); 

b) consumption of these products 
intensities; 

c) the Environmental Footprint 
(EF) impact model, which trans-
lates emissions and resource 
consumption into potential envi-
ronmental impacts.
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Figure 3. Summary of methodological steps for calculating life-cycle based 

indicators in the assessment of EU and State Members consumption
impacts (adapted from Sala et al., 2019).
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Each emission to the environment and resource used collected in the inventory is then characterized in terms of
potential environmental impacts in the life cycle impact assessment phase, covering the 16 impact categories
recommended for the Environmental Footprint.  

Life Cycle Inventory

Life Cycle Impact Assessment: potential impact in 16 impact categories linked with 
SDGs

Normalization: comparing results with 
global references 

Weighting: aggregating results in a 
single score 

The normalization helps understanding the relevance of
the characterized environmental impacts compared to
the environmental impacts generated at global level.

Weighting allows the identification of the most relevant
impact categories, life cycle stages, processes and
substances to ensure that the focus is put on those
aspects that matter the most. In this study, the
weighting set taken as reference is the final set
developed for the Environmental Footprint (Sala et al.,
2018)

Alternative to normalization and weighting, the results
could be compared with environmental sustainability
thresholds, as those developed in the context of the
planetary boundaries assessment (Sala et al., 2020).
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The assessment of environmental im-
pacts can be carried out for a given 
year to show the status quo, or over 
a period of time to assess the evolu-
tion of environmental impacts. A re-
lative approach to assessing progress 
towards sustainability can be made 
through an environmental decoupling 
assessment, which compares the
evolution of environmental impacts 
and economic growth for the same 
period.

The environmental impact of con-
sumption in Spain can be linked both 
to specific SDGs (3, 6, 13, 14 and 15) 
and to planetary boundaries, which 
represent the quantitative estimate of 
the Earth’s carrying capacity. This link 
is in line with the concept of “living 
well within the limits of the planet” 
as set out in the 7th Environmental 
Action Programme (European Parlia-
ment and Council, 2013), and implies 
the quantification of the environmen-
tal performance of consumption in 

Spain with respect to the capacity 
of the Earth system as an absolute 
term of comparison. The connection 
with the SDGs and planetary bounda-
ries helps to determine whether con-
sumption in Spain is environmentally 
sustainable (Figure 5 and 6).

Figure 4. Summary of the Consumption Footprint methodological framework 
(translated from Sala & Sanyé Mengual, 2022).
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The Consumption Footprint is an 
LCA-based indicator to quantify 
the environmental impacts of con-
sumption in the EU and its Mem-
ber States. LCA is a comprehensi-
ve methodology for assessing the 
environmental impacts of products, 
sectors and projects. These two 
elements create several connec-
tions between the Consumption 
Footprint and the SDGs (Figure).

Firstly, the Consumption Footprint 
provides an overall picture of the 
environmental impacts of con-

sumption that can support the as-
sessment and monitoring of the de-
coupling of economic growth from 
environmental impacts, as envi-
saged in SDG 12 “Ensure respon-
sible consumption and production 
patterns”. In addition, the goals of 
SDG 9 “Build resilient infrastructu-
re, promote sustainable industria-
lization and foster innovation” and 
SDG 11 “Make cities and human 
communities inclusive, safe, resi-
lient and sustainable” are also par-
tially addressed in the Consump-
tion Footprint.
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2.1. The Domestic Footprint: 
what are the impacts generated 
within the territory?

The Domestic Footprint is a set of 16 
indicators based on Life Cycle Assess-
ment (LCA) (also available as a sin-
gle weighted score) whose purpose is 
to quantify the environmental impact 
due to resource extraction and emis-
sions that take place within the natio-
nal territory (Sala & Sanyé Mengual, 
2022; Sala et al., 2019). It is calcula-
ted on the basis of domestic produc-
tion and consumption and therefore 
does not take into account environ-
mental burdens and impacts relating 
to foreign trade.

Between 2010 and 2018, Spain’s do-
mestic Footprint decreased in most 
of the environmental impacts as-
sessed (specifically, in 12 of the 16 
impacts, as well as in the weighted 
index) (Figure 7). This decrease was 
specifically marked for ozone de-
pletion (-40.6%), photochemical 
ozone formation (-29.5%), acidifi-
cation (-29.4%), marine eutrophi-
cation (-23.7%), fossil resource use 
(-20.2%) and non-carcinogenic hu-
man toxicity (-19.8%). Overall, con-
sidering the weighted index of all 
environmental impacts assessed, 
Spain’s Domestic Footprint fell by 
-6.7% between 2010 and 2018. It 
should be noted, however, that this 
overall downward trend did not ma-
nifest itself for four of the 16 envi-
ronmental impacts assessed: land 
uses (which increased by +0.6%), 

freshwater ecotoxicity (+5.0%), hu-
man toxicity due to cancer (+6.9%), 
and, above all, the impact due to the 
use of mineral resources and metals 
(+93.8%), which almost doubled in 
just three years, between 2015 and 
2018. The increase in impact due to 
the use of mineral resources and me-
tals is due to an increase in the ex-
traction of silver (+605%, +148 ton-
nes) and copper (+164%, +72500 
tonnes) from 2015, a trend in line 
with national mining statistics (Mi-
nistry for Ecological Transition and 
the Demographic Challenge, 2020). 
Silver and copper mining have a me-
dium-high impact compared to other 
minerals and metals, with the impact 
factor around the 95th and 60th per-
centiles, respectively.



Sustainability of Consumption in Spain

19

Contrasting the trends shown by
Spain for the 16 environmental im-
pact indicators with the trends shown 
by the EU-28 (EU-27 + UK) as a who-
le, we can see how they all coincided; 
all except one: freshwater ecotoxici-
ty, which despite falling by -9.5% in 
the EU-28 between 2010 and 2018, 
was up +5.0% in Spain for the same 
period. The intensive use of phytosa-
nitary products for agricultural pur-
poses in Spain over recent decades 
(Carabias-Martı́nez et al., 2003; Ga-
rrido et al., 2000; Hermosin et al., 
2013), and the industrial pollution 
suffered by some rivers in the coun-

try (Gonzalo and Camargo, 2013; 
Suárez-Serrano et al., 2010), help to 
explain this fact. Throughout the pe-
riod analysed, freshwater ecotoxicity 
shows variations (with a maximum 
value in 2014) associated with the 
consumption and use of the active 
ingredient chlorpyrifos, used in pes-
ticides.

Another environmental impact for 
which values are particularly striking 
when comparing Spain’s data with 
those of the EU-28 is water use, as 
almost 60% of all the impact associa-
ted with domestic water consumption 

Figure 7. Spain’s Domestic Footprint for the 16 environmental impact
indicators and for the weighted index (2010-2018).
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in the EU-28 is accounted for by a 
single country: Spain. Figure 8 shows 
the weighted index of Spain’s Do-
mestic Footprint, broken down by en-
vironmental pressures. As the figure 
shows, freshwater consumption alone 
accounts for one third (34.3%) of all 
environmental pressures in the wei-
ghted index of Spanish domestic con-
sumption for all the years in question. 
Freshwater consumption and CO2 

account for more than half (53.7%) 
of all environmental pressures, whi-

le freshwater consumption, CO2 and 
PM2.5 particles account for two thirds 
(66.4%) of all environmental pres-
sures in Spain’s Domestic Footprint. 
Strengthening environmental con-
trols and policies in these three areas 
would allow Spain to achieve a signi-
ficant reduction of its Domestic Foo-
tprint with relatively manageable and 
highly significant specific efforts in 
terms of adapting to eco-social cha-
llenges.

Figure 8. Domestic Footprint of Spain broken down by
environmental pressures, weighted index (2010-2018).
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Figure 9 shows the greenhouse gases 
emitted in Spain that contribute most 
to the global problem of climate chan-
ge, one of the environmental impacts 
of greatest scientific concern and of 
greatest political and media interest. 
As the figure shows, CO2 emissions 
account for most of the environmen-
tal pressures linked to climate chan-
ge, accounting for three quarters 
(74.8%) of the total emissions burden 
alone. Methane emissions (18.4%) 
and nitrous oxide emissions (5.4%) 
rank second and third respectively 
in terms of total national emissions 
linked to climate change. The emis-
sion of these three gases contributes 
to more than 98% of the emissions 
that contribute to climate change in 
Spain.

Looking at the values per capita of the 
16 environmental impact indicators 
assessed for the Domestic Footprint, 
we see how the impacts between 
2010 and 2018 worse values for Spain 
than for the EU-28 as a whole were: 
land uses (+3.0% higher in Spain for 
2018), particulate matter pollution 
(+14.2%), freshwater eutrophication 
(+19.5%), human toxicity, both can-
cer-related (+16.1%) and non-can-
cer (+51.1%), freshwater ecotoxicity 
(+65.7%) and, above all, water use, 
which in 2018 was in the order of six 
and a half times (+546.3%) that of 
the EU-28 (Figure 10).
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The primary cause of the enormous 
water consumption in Spain is the 
agricultural sector, which, despite re-
presenting only 3% of GDP and em-
ploying only 5% of the economically 
active population, accounts for about 
85% of all national water consump-
tion (Garrido et al., 2010). As sugges-
ted above, tackling this issue firmly 
through solid environmental legisla-
tion measures aimed at reducing the 
consumption of this key resource will 
be fundamental for Spain’s sustaina-
bility in the coming years, especially 
if we take into account that Spain is 
one of the driest countries in Europe 
and that, according to climate predic-
tions, by 2040 it will be one of the 
most water-stressed countries in the 
world (Luo et al., 2015). Differences 
in environmental impact due to water 
use are due not only to the intensity 
of consumption but also to differences 
in water scarcity between different 
geographical areas, which is conside-
red in the environmental impact mo-

del of the Environmental Footprint. In 
this regard, Spain suffers from a level 
of water scarcity above the European 
average and water consumption in 
Spain generates a greater impact.

Eight environmental impacts showed 
better values for Spain than for the 
EU-28 as a whole over the time se-
ries analysed (2010-2018). Particu-
larly noteworthy is the case of acidifi-
cation, whose values per capita were 
around 16 times lower in Spain than 
in the EU-28 as a whole. The cause of 
these differences is probably related 
to the use of nitrogen fertilisers such 
as ammonium nitrate and urea, which 
have traditionally been used more in-
tensively in Central Europe and the 
British Isles (Goulding, 2016). The 
impact per capita from ionising ra-
diation was, in turn, almost 10 times 
lower in Spain than in the EU-28 as 
a whole, while impacts caused by te-
rrestrial eutrophication and the use 
of fossil resources were around three 

Figure 10. Environmental impact per capita related to freshwater use in 
Spain and the EU-28, average period 2010-2018.
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times lower for the average Spanish 
citizen than for the average EU-28 ci-
tizen.

The weighted index of environmental 
impacts per capita of domestic con-
sumption in Spain for between 2010 
and 2018 showed a downward trend 
quite similar to that of the EU-28, 
however it recorded somewhat hi-
gher values throughout the time se-
ries (Figure 11). It should be noted, 

however, that from 2016 onwards 
these trends seem to start to diverge, 
with the gap between them gradually 
widening in 2017 and 2018. This is 
mainly due to the stagnation in the 
downward trend for Spanish domes-
tic consumption, which hardly chan-
ged between 2013 and 2018, while 
for the EU-28 it continued to decline 
during these years at a remarkably 
similar pace to that experienced in 
the rest of the time series.

 

Figure 11. Domestic Footprint per capita for Spain and the EU-28,
weighted index (2010-2018).
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2.2. The Consumption Footprint: 
global environmental impacts 
linked to Spanish consumption

Studying the patterns and trends 
showed by the Domestic Footprint in 
Spain helps us understand the envi-
ronmental impacts caused by domes-
tic production and consumption, and 
which are therefore due to the extrac-
tions and emissions that occur in the 
country. This approach, however, lea-
ves out of the equation a whole series 
of environmental pressures which, 
the ultimate responsibility of Spanish 
consumption patterns, exert their im-
pact outside Spanish borders throu-
gh the importation of products and 
consumer goods that were produced, 
processed and manufactured in other 
parts of the world. What’s more, the 
Domestic Footprint does not consider 
that part of the production, and its 
associated environmental pressures, 
takes place in Spain, is exported and 
therefore caused by consumption pa-
tterns in other regions of the world.
 
The so-called Consumption Footprint 
bridges these gaps by incorporating 
the environmental impacts of foreign 
trade (i.e. both imports and exports 
of products) into domestic consump-
tion.

The Consumption Footprint is a set of 
16 LCA-based environmental impact 
indicators (also available as a weigh-
ted index) that aims to quantify the 
environmental impacts of consump-
tion exerted by a country’s economy 

as a whole, including all its economic 
activities and considering both the 
burdens associated with activities 
occurring within the national terri-
tory and those related to foreign tra-
de (Sala and Sanyé Mengual, 2022; 
Sala et al., 2019). In this way, and 
unlike the Domestic Footprint, the 
Consumption Footprint takes into ac-
count the environmental impacts as-
sociated with the product stages of 
supply chains that occur outside Spa-
nish borders. 

The Consumption Footprint consi-
ders the consumption intensity of 
representative products of the most 
relevant consumption areas (food, 
housing, mobility, appliances and 
household goods). The Consumption 
Footprint is quantified as the sum 
of the environmental impact of the 
consumption of each representative 
product, based the intensity of con-
sumption, while also considering fo-
reign trade and its unit environmen-
tal impact:

n

i=0

where:

Intensidad de consumo= Producción 
doméstica+Importaciones-Exportaciones

Between 2010 and 2018, Spain’s 
consumption Footprint showed a re-
markably similar trend for most of 
the environmental impact indicators 
analysed. As Figure 12 shows us for 
the weighted index, in general terms 
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this trend was growing (+5.0%), but 
with a notable change in the trend 
in 2013. Until 2013, the trend was 
decreasing, and it was that year the 
trajectory changed, and for most of 
the environmental impacts the falls 
recorded during the first three years 
of the time series were reversed.

This abrupt change in the trend re-
corded by the Spanish Consumption 
Footprint is likely related to the exit 
from the economic crisis of 2008, 
which, according to national accoun-
ting data of the National Institute of 
Statistics (MINECO, 2014), began to 
manifest itself in general terms from 
2014 onwards. This would also help 
to interpret the interruption of the 
downward trend in Spanish domestic 
consumption detected in the previous 
section from 2013 onwards (see Fi-
gure 11).

However, the decreases identified in 
section 2.1 for most of the environ-
mental impact indicators of the Do-
mestic Footprint (Figure 7) go in the 
opposite direction to the general in-
crease in environmental impacts de-
tected (especially from 2013 onwards) 
for the Consumption Footprint (Figu-
re 12). That means that impacts like 
acidification, climate change, marine 
and terrestrial eutrophication, human 
toxicity (carcinogenic and non-carci-
nogenic), ozone depletion, particula-
te matter, photochemical ozone for-
mation, and freshwater use showed 
clearly increasing trends for the Con-
sumption Footprint and decreasing 
trends for the Domestic Footprint. 
Freshwater ecotoxicity and land use 
showed an increasing trend in both 
footprints, with the increase much 
more marked for the Consumption 
Footprint.

Figure 12. Spain’s Consumption Footprint, weighted index (2010-2018).
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These differences between the trends 
in the Domestic Footprint and the 
Consumption Footprint highlight, 
after all, the Spanish economy’s 
growing dependence on natural re-
sources abroad; a dependence that 
results in the export of environmental 
impacts associated with the use of re-
sources and environmental emissions 
that take place far from our territory. 
The weighted indices of the Spanish 
Consumption Footprint and the Spa-
nish Domestic Footprint (Figure 13) 
reflect this fact well, which has in-
creased in the last five years.

The importance of the Spanish eco-
nomy’s trade balance in relation to 
the national values as reflected by 
the Domestic Footprint shows how 
the downward trends in most of the 
environmental impacts of Spanish 

domestic consumption (Figure 7) are 
in fact sustained at the cost of trans-
ferring a large part of these impacts 
beyond Spain’s borders.

A comparison of the values and 
trends of the 16 environmental im-
pacts for the Consumption Footprint 
and the Domestic Footprint leads to 
the conclusion that Spain is, in ge-
neral terms, a net exporter of envi-
ronmental impacts to third countries. 
This contrast also shows that the en-
vironmental impacts linked to Spani-
sh foreign trade are increasing (Figu-
re 13). These results have important 
interpretations related to the coupling 
or decoupling between Spanish eco-
nomic growth and the environmental 
impacts of consumption that will be 
further analysed in section 3.1.
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Figure 13. Spain’s Domestic Footprint and Consumption Footprint,
weighted indices (2010-2018).
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2.3. How does the Consumption 
Footprint per capita behave 
and what are its impacts and 
evolution over time?

Analysing the environmental impact
of the average citizen through the
Consumption Footprint per capita
allows us to address in greater depth 
the key elements of production and 
consumption, as well as the lifestyles 
of consumers (Sala & Sanyé Mengual, 
2022; Sala et al., 2019).

As Figure 14 shows, of the 16 envi-
ronmental impacts of Spain’s Con-
sumption Footprint per capita only
four showed decreasing trends be-
tween 2010 and 2018: the use of
fossil resources (-0.7%), freshwater 

eutrophication (-5.3%), ionising ra-
diation (-6.9%) and, above all, the 
use of mineral resources and metals, 
which experienced a fall of -16.2%, 
coinciding with the general fall in the 
consumption of minerals and metals 
since the bursting of the real estate 
bubble in 2007 and the ensuing re-
cession. A good example of this is the 
data on materials consumption from 
the United Nations International Re-
source Panel, according to which, in 
Spain, between 2006 and 2017, the 
consumption of ferrous metals fell by 
84%, while quarry minerals for cons-
truction fell by more than half and 
the consumption of other non-meta-
llic minerals fell by a third (UN-IRP, 
2018).

 Spain’s Consumption Footprint per capita for the 16 environmental 
impacts assessed and for the weighted index (2010-2018).
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The environmental impacts that in-
creased the most in Spain during the 
period analysed were ozone deple-
tion (+13.4%), land use (+12.4%), 
terrestrial and marine eutrophication 
(+12.6% and +12.3% respectively), 
freshwater ecotoxicity (+11.4%), 
acidification (+10.2%) and water use 
(+7.1%). Overall, and considering 
the weighted index of all environ-
mental impacts, Spain’s Consumption 
Footprint per capita increased its va-
lue between 2010 and 2018 by 4.4%.

Of the 16 environmental impact indi-
cators assessed in the Consumption 
Footprint per capita, seven showed 
better values for Spain than for the 
EU-28 as a whole for the average of 
the entire time series analysed (2010-
2018). Among these seven impacts, 
the cases of the use of fossil resources 
and ionising radiation, whose values 

were on average respectively -14.2% 
and -12% lower in Spain than in 
the EU-28 as a whole, stand out. By 
contrast, seven types of impacts be-
tween 2010 and 2018 showed worse 
average values per capita for Spain 
than for the EU-28, while two of them 
showed a similar trend. Among the 
impacts that showed worse values 
in Spain during the period analysed, 
it is worth highlighting the case of 
water use (+29.9% higher in Spain 
than in the EU-28 for the 2010-2018 
average), ozone depletion (+15.8%), 
land use (+12.9%), non-carcinogenic 
human toxicity (+8.5%), and terres-
trial and marine eutrophication (+8% 
and +7.6% respectively). Figure 15 
shows the time evolution between 
2010 and 2018 of the weighted Con-
sumption Footprint per capita index 
of Spain compared to that of the EU-
28. 

Figure 15. Consumption Footprint per capita for Spain and the EU-28,
weighted index (2010-2018).
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In relation to the rest of the EU-28 
countries, Spain generally occupies 
an intermediate (or even low-inter-
mediate) position in most of the en-
vironmental impacts analysed in the 
Consumption Footprint per capita. 
The only two impacts for which Spain 
appears in the top 10 EU-28 countries 
are ozone depletion (where Spain 
ranks seventh) and water use (whe-
re Spain ranks sixth) (Figure 16). As 
indicated above, the high water con-
sumption of the Spanish agricultural 
sector is probably the factor that best 
explains this fact.

 

Impact 
per cápita 
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13,54
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Figure 16. Map of the EU-28 with the distribution of the Consumption
Footprint per capita for the impact related to water use (2018).
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2.4. Which areas and products 
contribute most to the 
Consumption Footprint?

The Spanish Consumption Footprint 
is calculated based on the environ-
mental impacts associated with a to-
tal of 164 representative products, 
aggregated around five major con-
sumption areas: food (broken down 
into 45 product groups), mobility (34 
product groups), housing (30 pro-
duct groups), household goods (37 
product groups), and appliances (18 
product groups) (Sala & Sanyé Men-
gual, 2022; Sala et al., 2019).

Food consumption represents by far 
the main driver of the environmen-
tal impacts generated by the avera-
ge Spanish consumer, accounting for 
52.1% of the Consumption Footprint 

in 2018 for the weighted index. In 
the same year, mobility (especially 
associated with private car use), with 
17.1%, and housing (mainly linked to 
energy consumption for heating and 
appliances), with 16.2%, ranked se-
cond and third respectively (Figure 
17). These three areas, and in that 
order, are, as is the case for the EU-28 
as a whole, the areas with the grea-
test impact on average consumption, 
and those characterised by a higher 
intensity of use, representing, joint-
ly for Spain, more than four fifths 
(85.3%) of the entire Consumption 
Footprint for 2018, which is in line 
with the general literature (Di Donato 
et al. 2015; Ivanova et al. 2016). The 
evolution of the data also shows that 
this trend is maintained over the en-
tire time horizon analysed.

Figure 17. Spanish Consumption Footprint by consumption areas,
weighted index (2018).
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Figure 18 shows the weighted index 
of Spain’s Consumption Footprint be-
tween 2010 and 2018 broken down 
by areas of consumption. As the figu-
re shows, the weight of each area has 
not varied significantly over the time 
series analysed with food continuing 
to represent the area of consump-
tion with the greatest environmental 
weight in the total Consumption Foo-
tprint.

However, when looking at the Con-
sumption Footprint in terms of the 16 
specific impacts associated with the 
LCA, the distribution by areas of con-
sumption changes, with the exception 
of food which, for most of the impact 
categories, is still the main driver (Fi-
gure 19).

 

Figure 18. Spain’s Consumption Footprint by areas of consumption,
weighted index (2010-2018).
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Figure 19. Spain’s Consumption Footprint by areas of consumption

for each of the 16 impacts analysed (2018).
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The data by impact category show 
a significant influence of food in ter-
ms of terrestrial (81.6%) and marine 
(79.6%) eutrophication, ozone deple-
tion (79.6%), land use (76.7%), with 
a significant contribution also in ter-
ms of acidification (73.7%) and water 
use (72.3%). This is mainly due to the 
highly intensive and industrial nature 
of our agricultural and livestock far-
ming system, which is heavily depen-
dent on the use of fossil resources, 
chemical fertilisers and large quan-
tities of water (IPCC, 2019; Aguile-
ra et al., 2020; González de Molina 
et al., 2019). Another aspect to hi-
ghlight is the weight of appliances 
in the use of mineral resources and 
metals (47.0%), due to the notorious 
demand for raw materials (including 
critical raw materials) in their com-
ponents (WEF, 2019; Yamasue et al., 
2009). Mobility has the greatest im-
pact on ozone depletion (38.4%) and 
the use of fossil resources (31.7%), 
while housing has the greatest impact 
on the emission of ionising radiation 
(60.2%) and the eutrophication of 
freshwater (55.1%). Finally, house-
hold goods have a higher weight in 
carcinogenic human toxicity (15.6%) 
and freshwater ecotoxicity (15.6%).

If we focus instead on climate impact, 
it can be seen that three quarters of 
the impact is on food and mobility. 
Food accounts for almost half (45.7%) 
of the climate change impact and mo-
bility for a quarter (25%). They are 
followed in this impact category by 
housing (16.5%), household goods 
(10.6%) and finally appliances, with 
a relatively minor impact (2.2%) in 
this area, but nevertheless of para-

mount importance as far as the use 
of minerals and metals is concerned.

Looked at over time, Spain’s Con-
sumption Footprint showed diffe-
rent trends depending on the area 
of consumption (Figure 20). So while 
food and mobility showed increasing 
trends due, respectively, to the appa-
rent increase in food consumption in 
the household shopping basket and 
kilometres travelled per person (up 
+18.6% and +3.2% respectively be-
tween 2010 and 2018), housing, hou-
sehold goods and appliances showed 
downward trends (-11.6%, -5.4% 
and -22.5% respectively for the same 
period). The case of housing seems 
striking, where the observed inflec-
tion may be due to an improvement 
in the efficiency of energy use for 
heating homes.
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Contrasting the values per capita of 
the five areas of consumption of the 
Spanish Consumption Footprint with 
the values shown for the EU-28 as a 
whole for 2018, we see that Spain is 
above the European average in the 

Footprint related to food consumption 
(+26.3%) and appliances (+4.9%), 
and below in those related to housing 
(-29.0%), household goods (-15.3%) 
and mobility (-5.5%) (Figure 21).
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Figure 20. Consumption Footprint in Spain for the five areas of consumption, 
weighted index (2010-2018).
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Figure 21. Consumption Footprint per capita for Spain and the EU-28 for 
each of the five consumption areas analysed (2018).



Sustainability of Consumption in Spain

35

In this context, by breaking it down 
further, we can identify which product 
groups within each consumption area 
lead the impacts for the period analy-
sed. 

Food

As we have seen, food is the most 
significant consumption category in 
terms of weight for almost all the en-
vironmental impact categories consi-
dered in the methodological approach 
used. Food is represented by a basket 
of food products selected by impor-
tance in quantity (kg/year) and eco-
nomic value, to represent the average 
consumption of the nutritional intake 
of EU-28 citizens in 2010, based on 
Eurostat-Prodcom data (base 2010). 
It also includes products that are 
representative of emerging trends 
in food and beverage consumption 
over recent decades (e.g. tofu, ready 
meals, etc.), regardless of their en-
vironmental impact and apparent ex-
tent of their consumption.

As Figure 22 shows, in Spain the main 
food categories that have the most 
impacts, according to the weighted 
index, are animal products (such as 
meat and dairy products), followed 
by oils and beverages, despite the 
fact that they are consumed in ten-
dentially smaller quantities compa-
red to products of plant origin. The 
reason for this may have something 
to with the different needs of con-
ventional animal production systems, 
which, compared to plant production 
systems, require more inputs to deli-
ver the same amount of product. In 
the same vein, we must remember 
that main life cycle impacts of meat 
products derived from pork, beef and 
poultry come mainly from emissions 
and land use (such as deforesta-
tion leading to biodiversity loss) due 
to feed production as well as direct 
emissions from livestock farming 
(methane, ammonia, etc.) (Cripa et 
al., 2021; Aguilera et al., 2020; Leip 
et al., 2015).

Figure 22. Consumption Footprint in Spain by type of food,
weighted index (2010-2018).
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Therefore, lower consumption of ani-
mal products would be beneficial in 
reducing the overall impacts associa-
ted with food consumption as a who-
le, as much of the literature has been 
pointing out (Di Donato, 2021). It is 
also important to underline that forms 
of production (conventional vs. agro-
ecological; intensive vs. extensive, 
etc.) are fundamental in managing 
these impacts (Leroy et al., 2022).

For 2018, considering the weighted 
index, the foods with the highest con-
sumption footprint are pork (23.0%), 
beef (14.4%) and chicken (7.1%). 
The impacts associated with wine 
(7.1%, mainly due to the use of wa-
ter) and cheeses (7.0%) are also re-
levant. These contributions are also 
virtually unchanged from previous 
years.

 

Figure 23. Contribution of different food categories to the impact of food
in Spain for the 16 impact categories assessed (2018).
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If we consider the 16 categories of 
specific impact (Figure 23), we also 
see that animal products lead the 
ranking. In this sense, meat and dairy 
have important contributions in terms 
of acidification, climate change, mari-
ne and terrestrial eutrophication, land 
use, ozone depletion and particulate 
matter. Oils emerge as key elements 
in several impact categories, such 
as freshwater ecotoxicity, freshwater 
eutrophication, human toxicity (car-
cinogenic and non-carcinogenic) and 
land use. The high impact of bevera-
ges on water resources is due to their 
water content and high consumption 

intensity per capita, followed by the 
nuts and seeds group represented 
by almonds, which require high wa-
ter consumption for their cultivation 
(Vanham et al., 2020). 

Mobility

With regard to mobility, data has been 
generated from the distances trave-
lled by an average person in Spain 
by different means of transport (cars, 
bus, plane, train, etc.). The distribu-
tion of the Consumption Footprint in 
terms of weighted index by type of 
transport is as shown in Figure 24.

Figure 24. Consumption Footprint in Spain by type of transport,
weighted index (2010-2018).
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In this sense, it can be stated that, 
for the period analysed, the means 
of transport that contributed most 
to the Consumption Footprint (ac-
cording to the weighted index) are, 
respectively, diesel passenger cars, 
petrol passenger cars and continen-
tal air transport. This result within the 
private transport sector is a reflection 
of the prevalence of diesel vehicles 
compared to petrol vehicles within 
the overall vehicle fleet in Spain for 
the years considered, as highlighted 
by the data from the Yearbook of the 
Directorate General of Traffic (DGT).
 
It should also be noted that the bulk 
of domestic passenger (and freight) 
transport in Spain is carried out by 
road (Pérez Martínez, 2008). In fact, 
according to DGT data, car transport 
currently accounts for more than 
three quarters of the total (77.4%). 
When analysing the international di-
mension, we see that in Spain, air 
and road transport is also predomi-
nant in terms of passenger transport.

Looking at the contribution of diffe-
rent modes of transport according to 
impact categories for 2018 (Figure 
25), the weight of diesel vehicles in 
the bulk of per capita transport im-
pacts (especially non-carcinogenic 
human toxicity, water use, particulate 
matter, metals and minerals use and 
land use) is remarkable. The contri-
bution of petrol-powered passenger 
cars also accounts for a large part of 
the same impacts. Both types of ve-
hicles account for 95.5% of mineral 

and metal use, 87.9% of water use, 
82.8% of non-carcinogenic human 
toxicity, 79% of land use and 69.9% 
of particulate matter associated with 
mobility per person. If we add to the-
se those associated with aviation (first 
continental, then national and finally 
intercontinental), in all types of im-
pact we add up to more than 85% of 
the consumption footprint per capita 
attributable to transport in Spain. 
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Housing

Turning to the housing data, we see 
that the reference group at European 
level is composed of 30 types of dwe-
llings representative of the housing 
stock of the EU-28 countries (consi-
dering the stock of permanently oc-
cupied dwellings) based on the year 
2010, divided by building type (sin-
gle-family or multi-family), climate 
zone (cold, warm or hot) and year 
of construction (pre-1945, between 
1946 and 1969, between 1970 and 
1989, between 1990 and 2010, and 
post-2010). Spain is one of the coun-
tries in the Mediterranean area, which 
belong to the warm climate zone. The 
calculation of the different impacts of 

housing types takes into account the 
phases of production, construction, 
use (average energy and water con-
sumption of a dwelling per person per 
year), maintenance and lifetime of 
each dwelling. It is important for the 
analysis to consider both the unit of 
each type of dwelling and the number 
of dwellings of that type. The distri-
bution of the Consumption Footprint 
in terms of broken down weighted in-
dex, for the 10 dwelling types, is dis-
played below in Figure 26.

Figure 25. Contribution of types of transport to the impact of mobility
in Spain for the 16 environmental impact categories analysed (2018).
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The three housing typologies with the 
highest weight on the Consumption 
Footprint in 2018 are multi-family 
dwellings built respectively between 
1970-1989 (16.9%), before 1945 
(14.2%) and after 2010 (12.2%), 
as well as single-family dwellings 
from the years 1970-1989 (12.1%). 
Single-family dwellings built before 
1945 and multi-family dwellings built 
between 1990 and 2010 also have a 
significant weight in the distribution 
of the Consumption Footprint per ca-
pita (with 10.7% and 10.6%, respec-
tively, for 2018). The significance of 
the six types of dwellings mentioned 
with respect to the indicator is also 
shown in the other years of the series 
analysed and may relate to the floor 

area and the construction materials 
used, the existing energy efficiency 
according to the type of construction, 
the average time of use of the dwe-
lling itself and the number of existing 
buildings in each period (Baldassarri 
et al., 2017; Sala & Sanyé Mengual, 
2022; Sala et al., 2019).

Looking at the data in terms of im-
pact types, multi-family dwellings 
have a slightly higher incidence than 
single-family dwellings in all catego-
ries. Specifically, this higher propor-
tion could be highlighted in terms of 
water use, fossil and mineral resour-
ce use, and contribution to ionising 
radiation and freshwater eutrophica-
tion (Figure 27).

Figure 26. Consumption Footprint in Spain by type of dwelling,
weighted index (2010-2018).
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Household goods

The area of consumption referring to 
household goods is based on a se-
lection of the 30 most representati-
ve products according to household 
consumption statistics (clothing, foo-
twear, furniture, paper, hygiene pro-
ducts, detergents, etc.). The distribu-
tion of the Consumption Footprint in 
terms of the weighted index for the 
different types of household products 
(aggregated according to 8 relevant 
categories) is as shown in Figure 28 
below.

Figure 28 shows us that the categories 
of household goods with the greatest 
weight on the Consumption Footprint 
are clothing and furniture, followed 
by detergents and paper products. 
Looking at further disaggregation,

the top three household products in 
2018 are T-shirts, laundry detergents 
and bedroom furniture. For the pre-
vious years, products such as toilet 
paper, newsprint and books also as-
sume significant weight. It is worth 
underlining that these contributions 
are due, on the one hand, to the rele-
vant quantity of products consumed, 
primarily paper products and clo-
thing, and secondly, to the high im-
pacts per product unit, especially in 
the case of furniture and detergents. 
In this sense, the reduction of the 
impacts of this area of consumption 
must include a reduction in the use of 
more common products, but also an 
improvement in production processes 
(Castellani et al., 2021).

In relation to the main impacts, the 
contribution of clothing (especially 

Figure 27. Contribution of different building types to the housing impact
 in Spain for the 16 impact categories analysed (2018).
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in the production phase, due to the 
transformation of raw fibres into tex-
tiles, colouring, etc.) to marine and 
terrestrial eutrophication, water use 
and climate change is of particular 
importance. Footwear, as well as fur-
niture, has a relevant impact in terms 
of human cancer toxicity, mainly due 
to the leather tanning process that 
contributes chromium to water dis-
charges (Castellani et al., 2019). Pa-
per products contribute significantly 
to freshwater ecotoxicity, ozone de-
pletion and ionising radiation, while 
detergents stand out in terms of me-
tal and mineral use, as well as land 
use (Figure 29).

 

Figure 28. Consumption Footprint in Spain by type of household products, 
weighted index (2010-2018).
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Household appliances

Finally, as far as appliances are con-
cerned, a basket of products is con-
sidered, representing the most im-
portant appliances in terms of energy 
consumption and market share in the 
EU, which have multiple functions,
from lighting to washing, storage,
cooking, entertainment, etc.

An important aspect to consider in the 
analysis of the Consumption Footprint 
of the different types of appliances is 
that for the computation of the im-
pacts it is also necessary to compute 
those that already exist in the hou-

sehold, given that the vast majori-
ty of the selected appliances have a 
useful life of more than one year and 
this affects the apparent annual con-
sumption. In addition, all appliances 
consume energy during their lifetime. 
Consequently, considering only appa-
rent consumption would not capture 
the real environmental impacts due 
to the annual purchase and use of 
appliances.

Figure 29. Contribution of different products to the impact
of household goods in Spain for the 16 environmental

impact categories analysed (2018).
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Figure 30 shows the composition of 
the Consumption Footprint (weigh-
ted index) for the period analysed 
(2010-2018) in terms of the different 
appliance groups and shows that the 
largest contribution is mainly made 
by electronic devices such as TVs, 
mobile phones and laptops on the one 
hand, and kitchen appliances such as 
fridges, ovens and washing machines 
on the other.

Turning to the breakdown by product, 
we see that, in 2018, for the weighted 
index, televisions have a contribution 
of 16.3%, refrigerators 15.2%, lap-
tops 12.3%, mobile phones 12.1% 
and ovens 9.4% of the Consumption 

Footprint per capita associated with 
appliances. The reduced impact of the 
lighting group is mostly due to lower 
consumption of fluorescent, incan-
descent and LED lamps. In relation 
to the 16 specific impact categories, 

Figure 30. Consumption Footprint in Spain by type of appliances,
weighted index (2010-2018).
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each appliance group contributes di-
fferently according to the impact ca-
tegory (Figure 31).

The refrigerator has the largest con-
tribution in virtually all impact ca-
tegories, with the exception of the 
impact in terms of ozone layer de-
pletion, where air conditioning is the 
main contributor, and human carcino-

genic toxicity, where the oven plays 
a major role. Also in terms of mine-
ral and metal use, the biggest impact 
comes from televisions, followed by 
laptops and mobile phones due to the 
significant requirements for metals 
(some considered “critical”) used in 
their components (Arushanyan et al., 
2014; WEF, 2019). 

Figure 31. Contribution of the different appliance groups to the impact
of the appliances consumption area in Spain for the 16 impact

categories assessed (2018).
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2.5. How can we reduce our 
Consumption Footprint? 
Comparison of different
patterns and lifestyles
in Spain

Different lifestyles in our country may 
differ significantly from the national 
average Consumption Footprint per 
capita, resulting in different types 
of environmental impacts of varying 
intensity. In order to better assess 
environmental hotspots and possible 
areas for improvement, it is useful to 
visualise different profiles with diffe-
rent consumption patterns and lifes-
tyles (Sala & Sanyé Mengual, 2022; 
Sala et al., 2019). As well as being 
valuable in itself for benchmarking 

and comparison, this offers the coun-
try’s citizens the possibility of identi-
fying the most impactful activities in 
their own consumption patterns. For 
the latter, the Joint Research Centre 
has at its disposal an openly available 
and free online tool which enables ci-
tizens across the EU to calculate the 
environmental impacts linked to their 
own lifestyles and consumption pat-
terns.

Figure 32 below shows three different 
consumer profiles devised from three 
specific lifestyles with different con-
sumption patterns: a single woman, 
a single man and a family of three 
(Sala et al., 2019).

Figure 32. Description of three specific consumer profiles
(Adapted from Sala et al., 2019).

Vegetarian 
 
 
 

Public transport/bike to 
go to the university. 

Trains to travel to 
nearby  

occasionally planes to 
go to other EU 

countries 
 
 

friends 
 
 
 

Shared dishwasher, 
washing machine, and 
dryer with -mates 

Semi-vegetarian (non-
vegetarian  only 

when  outside) 
 

Uses a gasoline car to 
go to work (15 Km). 

Trains to travel to 
nearby ,  

planes to go to distant 
places for   

 
 
 

Lives 
the city perifery 

 
 
 

Shares the use of 
various appliances with 

six other neighbors 

Mediterranean diet 
 
 
 

María uses her diesel 
car to take Alba to 

school every day; Javier 
travels a lot for work in 

his LPG car 
 
 
 
 

They live in an 
independent house 
with a garden in a 

village 
 

They have their own 
appliances and air 

 

Ana (23 años) Pablo (25 años) María (32 años), Javier 
(35) y Alba (7) 

https://eplca.jrc.ec.europa.eu/ConsumerFootprint.html
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As can be seen in Figure 33, there 
are significant differences between 
the three defined consumer profiles 
with respect to the 16 environmental 
impacts assessed. Significant diffe-
rences can also be observed between 
these three profiles and the impacts 
of the average consumer in Spain, 
corresponding to the national Con-
sumption Footprint per capita and re-
presented in the figure by the vertical 
dashed line.

 

0% 50% 100% 150% 200%

Water use

Resource use, mineral and metals

Resource use, fossil

Land use

Human toxicity, non-cancer

Human toxicity, cancer

Ecotoxicity, freshwater

Climate change

Family

Pablo

Ana

Impact of the average 
consumer

Figure 33. Impacts of the three specific consumer profiles compared to
the average consumer in Spain (set at 100%) (2018).

“Family” results are expressed per person.
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As expected, the three-person hou-
sehold has the highest environmen-
tal impact in absolute terms in all the 
impact categories assessed. Howe-
ver, when household impacts are 
calculated on a per capita basis (as 
shown in Figure 33), Pablo is the pro-
file that shows the highest environ-
mental impacts for almost all catego-
ries considered. For her part, Ana has 
the lowest environmental impact of 
the selected profiles in all the impact 
categories assessed, showing values 
below the national average in almost 
all of them. So it could be said that 
Ana adopts a series of environmen-
tally friendly behaviours in her daily 
life in the different areas of consump-
tion considered, such as using public 
transport and bicycles, avoiding the 
consumption of meat, and sharing 
housing and the use of appliances 
with her flatmates.

When assessing the environmental 
impacts of the different consumption 

patterns in Spain, it is important to 
bear in mind the area of consumption 
considered. Thus, the positive effects 
of adopting low-impact behaviour in 
a given consumption area may be 
offset to varying degrees by impacts 
associated with other consumption 
areas. This is the case, for example, 
of the impact on climate change ge-
nerated by Pablo. His decision to be 
semi-vegetarian resulted in a reduc-
tion of the impact of Food compared 
to the average However, the fact that 
he is living alone and has to drive 
every weekday at least 30 km by car 
increases his impact in the areas of 
consumption Housing and Mobility, 
partially offsetting the positive effect 
of being semi-vegetarian

The analysis of consumers’ profiles 
reveals the need to adopt a compre-
hensive perspective, including all the 
areas of consumption, when asses-
sing the impacts of consumption pa-
tterns.
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3
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3.1. The Sustainable 
Development Goals framework 
and its relationship with the 
environmental impacts of 
consumption

Current production and consumption 
patterns characteristic of developed 
countries demand large amounts of 
materials and energy from the pla-
net’s ecosystems (Wiedenhofer et 
al., 2020). This fact, fostered by the 
constant drive for economic growth, 
is driving unprecedented environ-
mental degradation around the world 
that threatens to compromise the fu-
ture prosperity of much of humanity 
(Moranta et al., 2021; Wiedenhofer 
et al. 2021).

In this context, the consumption of 
goods and services represents, as we 
have seen, one of the main causes of 
environmental degradation that most 
distances Spain from sustainability. 
The assessment of the environmental 
impacts linked to consumption is the-
refore a crucial step towards Spain’s 
achievement of the Sustainable De-
velopment Goals (SDGs) defined by 
the United Nations in the 2030 Agen-
da (UN, 2015). Among the 17 major 
global commitments represented by 
the SDGs, one, SDG 12 (“Ensure sus-
tainable consumption and production 
patterns”), has a particularly strong 
and important link to this project. 
Moving towards new patterns of pro-
duction and consumption that are 
centred on healthier and more sus-
tainable lifestyles will be crucial to 
reducing, over the coming years, the 

demands that our economic system 
places on the planet’s ecosystems, as 
well as to reduce the resulting envi-
ronmental degradation.

The Spanish Consumption Footprint, 
detailed and assessed in section 2 of 
this report, could therefore be used 
to monitor the progress or setbacks 
that Spain achieves with regard to 
the sustainable consumption in Spain 
and more specifically with regard to 
the fulfilment of SDG 12. In addition, 
the 16 environmental impact catego-
ries that have been assessed for the 
Consumption Footprint are directly 
linked to other SDGs whose progress 
will depend on the changes Spain 
manages to make in its production 
and consumption patterns. This is the 
case of SDG 3 (“Ensure healthy lives 
and promote well-being for all at all 
ages”), SDG 6 (“Ensure access to wa-
ter and sanitation for all”), SDG 13 
(“Take urgent action to combat clima-
te change and its impacts”), SDG 14 
(“Conserve and sustainably use the 
oceans, seas and marine resources”) 
and SDG 15 (“Sustainably manage 
forests, combat desertification, halt 
and reverse land degradation, halt 
biodiversity loss”) (Figure 34).

It should be noted, however, that the 
relationships shown in Figure 34 are 
only an illustrative approximation 
of the most obvious and important 
connections between SDG 12 and 
the other Sustainable Development 
Goals, and that much more could be 
done to explore the potential direct 
and indirect trade-offs and synergies 
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between SDG 12 and the other goals 
and targets of the 2030 Agenda.

Based on the associations establi-
shed in Figure 34 between the en-
vironmental impacts of consumption 
and SDGs 3, 6, 13, 14 and 15, Figure 
35 shows the contribution of each of 
these five SDGs to SDG 12, in terms 
of the weighted index of Spain’s Con-
sumption Footprint.

Reducing the use of resources, envi-
ronmental degradation and pollution 
throughout the life cycle of the goods 
and services consumed by Spain, 
while increasing the quality of life 
of people and improving the overall 
health of the planet, must undoub-
tedly be the horizon towards which 
Spain must move in the coming years 
in accordance with the 2030 Agenda.

 

Environmental impacts 

• Human toxicity, cancer 
• Human toxicity, non-cancer 
•   
• Photochemical ozone  
• Ionising  

• Water use 
• Ecotoxicity, freshwater 
• , freshwater 

• Climate change 
• Resource use, fossil 
• Resource use, mineral and metals 
• Ozone  

• , marine 
• , freshwater 
• Ecotoxicity, freshwater 

• Land use 
• , terrestrial 
•   
• Resource use, mineral and metals 
• Ozone  

Figure 34. Links between SDG 12, SDGs 3, 6, 13, 14 and 15,
and the environmental impacts assessed in the Consumption Footprint.

(adapted from EC-JRC (2022) Consumption Footprint Platform).
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3.2. Assessment of economic-
environmental decoupling in 
Spain: Why is a consumption
based approach key?

The assessment of the environmental 
impacts of consumption carried out 
in this report provides, among other 
things, useful information for moni-
toring the State’s efforts to decouple 
economic growth (target 8.4 of SDG 
8) from the environmental impacts 
linked to Spain’s consumption patter-
ns (SDG 12).

Decoupling” refers to a situation in 
which the economic growth of any 

country or region is decoupled from 
the material and energy require-
ments of its economic model, as well 
as from the environmental impacts 
associated with the corresponding 
production and consumption patter-
ns. The necessary condition, there-
fore, for an economic-environmental 
decoupling to occur in any country is 
that its GDP increases at the same 
time as the environmental impacts 
linked to its consumption patterns 
decline (absolute decoupling), or that 
these impacts grow but at a slower 
rate than the increase in GDP (rela-
tive decoupling) (Haberl et al., 2020) 
(Figure 35).

Figure 35. Relative and absolute decoupling of economic growth.

Growth (index = 100)      

Economic ac vity (GDP)      

Resources use / Environmental impact 
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Time 
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Through the concept of decoupling, 
the aim is to provide a response - es-
pecially in the context of higher inco-
me countries - to the current climate 
and ecological emergencies by trying 
to reconcile economic growth with 
environmental sustainability indefini-
tely. Through proposals like the cir-
cular economy, sustainable or green 
growth, and through initiatives such 
as the Green New Deal or the Euro-
pean Green Deal, the most powerful 
nations claim to be achieving the pro-
gressive dematerialisation and decar-
bonisation of their economies. All of 
these proposals and initiatives start, 
however, from a somewhat problema-
tic premise insofar as they attempt to 
solve the climate and environmental 
crisis under a single package of me-
asures (energy efficiency, renewable 
energies, waste reduction, recycling 
of materials or digitalisation) while 
at the same time indefinitely activa-
ting the growth of economic and fi-
nancial activity, without considering 
the limitations implied by something 
as obvious as the finite nature of the 
planet (Dhara & Singh, 2021). As we 
will see below (for the specific case 
of Spain), considering the whole ran-
ge of environmental impacts linked to 
consumption that operate both within 
and outside national borders, it is not 
possible to sustain the existence of 
an absolute economic-environmental 
decoupling.

Thus, what many high-consump-
tion countries have recognised how 
decoupling is, in reality, a kind of 

“apparent decoupling” based on an 
externalisation of their environmen-
tal impacts towards lower-consump-
tion countries made possible by the 
international market (Parrique et al., 
2019). Important studies along simi-
lar lines include those developed by 
Wiedmann et al. (2015) argue that as 
a country’s wealth grows, it tends to 
reduce its domestic extraction of ma-
terials (and associated environmental 
impacts), using foreign investment 
and international trade as levers.

In the Spanish case, as seen in sec-
tion 2.1, between 2010 and 2018 
the Domestic Footprint decreased for 
most of the environmental impacts 
assessed (Figure 7). Meanwhile, du-
ring these same years, Spain’s GDP 
grew by +8.4%, according to Euros-
tat data (in constant euros). These 
results highlight the existence of an 
absolute decoupling for this period 
between Spanish economic growth 
and several environmental impact in-
dicators measured at national level. 
What this indicates is that most of the 
environmental impacts resulting from 
consumption in Spain (namely 12 of 
the 16 impacts assessed) (see Figure 
7) declined within national boundaries 
for the impact categories assessed, 
while economic activity grew. Howe-
ver, this interpretation of decoupling 
is incomplete, as it leaves out of the 
equation the environmental burdens 
that, despite being linked to Spain’s 
consumption patterns, exert their 
impact outside the national territory 
through foreign trade.
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This geographical perspective is es-
sential when assessing the decou-
pling of any country or region. The 
global expansion of production and 
international trade has led to a spa-
tial dissociation between the sites of 
extraction, production and consump-
tion that makes it difficult to determi-
ne who is ultimately responsible for 
what impacts. In this context, holistic 
approaches using consumption indi-
cators that incorporate all environ-
mental impacts associated with the 
goods and services consumed (pro-
duction, life cycle stages, marketing, 
etc.) are best used, thus geographi-
cally reallocating such impacts to fi-
nal consumers and thereby correctly 
reflecting the underlying responsibili-
ties taking into account global value 
chains and international trade (Haberl 
et al., 2020; Parrique et al., 2019; 
Wiedmann et al., 2015). Tools such as 
the Life Cycle Analysis of products or 
regional input-output analyses thus 
make it possible to make the trans-
fer of environmental impacts visible 
on the basis of the rules of economic 
power and political hierarchies at the 
international level (Naredo, 2006).

The Consumption Footprint indicator 
does, however, provide a complete 
overview of the environmental im-
pacts linked to consumption with the 
incorporation of those impacts rela-
ted to international trade, making it 
more appropriate as an indicator to 
correctly assess the possible decou-
pling between economic growth and 
environmental impacts associated 

with consumption patterns (San-
yé-Mengual et al., 2019).

As it can be seen in Figure 36, the 
temporal variation of Spanish econo-
mic growth measured through GDP 
fits much better with the evolution 
of the weighted index of the Spanish 
Consumption Footprint (with no abso-
lute decoupling between both varia-
bles) than with that of the Domestic 
Footprint (where there is an absolute 
decoupling with GDP, especially visi-
ble for the last five years of the time 
series). The correlation between GDP 
and the Consumption Footprint (R2 

= 0.92; p < 0.001), as well as the 
absence of correlation between GDP 
and the Domestic Footprint (R2 = 
-0.225; p > 0.05) are good eviden-
ce of this, proving the inexistence, in 
general terms, of an absolute decou-
pling in Spain between GDP and the 
environmental consequences of the 
consumption patterns of its citizens.
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The slight relative decoupling that 
has occurred mainly since 2016 be-
tween GDP and the Consumption 
Footprint (Figure 37) shows, after all, 
an improvement in efficiency that, in 
practice, translates into a decrease in 
the environmental impacts per unit of 
GDP of the Spanish economic model. 
It is important to note, however, that 
this brief, slight improvement in effi-
ciency is far from being “sufficient”, 
since, as we will see in the next sec-
tion, environmental pressures linked 
to Spain’s consumption are not only 
showing a general growth trend but 
are also exceeding many of the safe-
ty limits for humanity on a planetary 
scale.

Nevertheless, it is worth noting that 
the overall coupling shown in Spain 
between GDP (+8.4%) and the Con-

sumption Footprint (+4.8%) between 
2010 and 2018 (Figure 36) is signi-
ficantly higher than that showed by 
the EU-28 as a whole for the same 
period, where GDP grew by +12.9% 
while the Consumption Footprint only 
grew +3.9%.

Of the 16 environmental impacts as-
sessed in the Consumption Footprint, 
12 showed highly significant correla-
tions with GDP, thus demonstrating 
the existence of a strong coupling be-
tween Spanish economic growth and 
such impacts resulting from the con-
sumption patterns of Spanish society 
during the period 2010-2018 (Figure 
37). The 12 environmental impacts 
that correlated significantly with na-
tional GDP were: climate change, 
photochemical ozone formation, hu-
man toxicity (both carcinogenic and 

Figure 36. Spain’s Domestic Footprint and Consumption Footprint,
weighted indices (2010-2018), compared to GDP.
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non-carcinogenic), particulate mat-
ter, freshwater ecotoxicity, land use, 
acidification, marine and terrestrial 
eutrophication, ozone depletion and 
fossil resource use (see Annex 2). On 
the other hand, and as already no-
ted when analysing the components 
of the consumption footprint (sec-
tion 2.3), a divergent evolution can 
be observed between GDP and the 
footprint associated with the use of 
minerals and metals, which reflects a 
pattern of growth that is less linked 
to the construction sector compared 
to the previous cycle marked by the 
Spanish property bubble (Carpintero, 
2018).

In short, the analysis presented in 
this report does not provide sufficient 

evidence to support the existence of a 
decoupling in Spain between the eco-
nomic growth and the environmental 
impacts linked to consumption pat-
terns (Figures 36 and 37). 

These results therefore corroborate 
and reinforce previous reference wor-
ks in our country, such as those de-
veloped by Carpintero (2015, 2018), 
which show that, rather than a pro-
cess of decoupling, what Spain has 
been experiencing in recent decades 
has been, rather, a process of econo-
mic re-coupling where environmental 
impacts and foreign dependence have 
been increasing, much in the same 
way as high-income economies have 
as a whole (Hickel and Kallis, 2020). 

Figure 37. Spain’s Consumption Footprint for the 16 environmental
impacts assessed and for national GDP (2010-2018).
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The fact that certain countries such 
as Spain have been able to main-
tain high rates of economic growth 
without significantly increasing - or 
even decreasing - the pressure on 
their own ecosystems (Domestic Foo-
tprint) is not so much explained by a 
decoupling between economic growth 
and the environmental impacts gene-
rated, but rather by a geographical 
shift of resource sources and waste 
sinks to third countries (Gómez-Ba-
ggethun and De Groot, 2007). The 
consumption patterns and lifestyles 
of the Spanish population are there-
fore sustained at the cost of trans-
ferring a large part of the associated 
environmental impacts beyond its 
own borders, thereby deteriorating 
environmental quality, human health 
and the ecological integrity of other 
regions of the planet.

3.3. Is Spain’s consumption 
environmentally sustainable? 
Is it operating within planetary 
boundaries?

One of the biggest challenges in asses-
sing the sustainability of consumption 
is the definition of benchmarks that 
allow nations to quantify the environ-
mental performance of their produc-
tion and consumption systems rela-
tive to the Earth’s carrying capacity 
in absolute terms (Sala et al., 2020). 
With the aim of moving towards the 
purpose of “living well within plane-
tary boundaries” (EPC, 2013; O’Nei-
ll et al., 2018; Fanning et al., 2021), 
this section links the environmental 
impacts of Spain’s consumption with 
the notion of planetary boundaries 
(Rockström et al., 2009; Steffen et 
al., 2015). Making a quantitative es-
timate of the environmental impacts 
of consumption in our country in re-
lation to the capacity of the biosphere 
to sustain the main biophysical pro-
cesses that support life on Earth is 
extremely useful in determining whe-
ther or not our consumption patterns 
are environmentally sustainable. This 
way, the conceptual framework of 
planetary boundaries is essential to 
support the formulation of public po-
licies focused on sustainability (Sala 
et al., 2020).

Figure 38 shows the Consumption 
Footprint per capita values for Spain 
for the 16 environmental impacts 
studied, broken down into the five 
major consumption areas defined. 
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The green vertical line represents the 
boundary of the safe operating space 
for humanity, while the red line re-
presents the boundary at which envi-
ronmental impacts enter the high-risk 
zone (between the two lines is a cri-
tical zone of uncertainty , shown in 
yellow). As shown in the figure, of the 
16 environmental impacts assessed, 

six have already exceeded safe pla-
netary boundaries, with one of them 
in the critical zone (the use of mine-
ral resources and metals), and the 
remaining five in the high risk zone 
(climate change, freshwater ecotoxi-
city, freshwater eutrophication, par-
ticulate matter, and the use of fossil 
resources).

Figure 38. Environmental impact of Spain’s per capita consumption for the 
16 impacts assessed and the five consumption areas compared to 

planetary boundaries (2018). The background colours reflect the status of 
the planetary boundary for each impact category: green = below the LP; 
yellow = within the uncertainty zone of the LP; red = in the high-risk zone.
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If these data are compared at sca-
le with those shown for the EU-28 as 
a whole (also in per capita terms), 
some areas of consumption and en-
vironmental impacts of Spain’s Con-
sumption Footprint can be identified 
that would require special policy fo-
cus in Spain in order to shift towards 
more sustainable horizons. This would 
be the case, for example, of human 
toxicity impacts (both carcinogenic 
and non-carcinogenic) linked to the 
consumption of appliances, which in 
Spain is around 30% higher than in 
the EU-28 as a whole. Another nota-
ble case is that of terrestrial and ma-
rine eutrophication linked to mobility, 
which is 17-18% higher for the ave-
rage Spanish citizen than for the ave-
rage European citizen. But the most 
striking differences are undoubtedly 
to be found in the impacts associa-
ted with food consumption in Spain, 
where three environmental impacts 
exceed the EU-28 average by more 
than 50%. These are photochemical 
ozone formation (+51.2%), water 
use (+55.1%) and freshwater eutro-
phication (+55.8%).

However, overall, the total environ-
mental impacts of consumption per 
capita in Spain and the EU-28 for the 
16 environmental impact indicators 
assessed against the planetary boun-
daries showed relatively similar situa-
tions for all impacts in 2018. Moreo-
ver, the environmental impacts that 
have exceeded the planetary boun-
daries are the same for Spain and the 
EU-28: the use of mineral resources 

and metals (in the uncertainty zone), 
freshwater eutrophication, the use of 
fossil resources, climate change, par-
ticulate matter, and freshwater eco-
toxicity (in the high risk zone).
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3.4. Towards more sustainable
scenarios: to what extent could
technological innovation and
behavioural changes reduce
the Consumption Footprint?
The case of food and appliances.

The results of the Consumption Foo-
tprint assessment presented in the 
previous sections provide a picture 
of the impacts generated by house-
hold consumption in Spain for the 
available time horizon. A more detai-
led analysis of the hotspots, carried 
out at both area and product level, 
has identified the main impacts in re-
lation to the five main consumption 
dimensions analysed (housing, mobi-
lity, food, appliances and household 
goods). In this sense, and based on 
these results, several actions could 
be identified to reduce the impact 
of household consumption, which in 
turn have a similar effect on the Spa-
nish Consumption Footprint. 

Designing eco-innovation scenarios 
and identifying more responsible and 
sustainable consumer behaviour with 
respect to the context observed in a 
reference year, allows us to assess 
the potential benefits of a transition 
in line with the changes proposed, 
as well as to identify the scale of 
the changes needed in the transition 
towards improved sustainability sce-
narios. 

In order to select the scenarios for 
each area and/or type of product, it 
is advisable to take into account the 

most relevant critical points identified 
in the analysis of the Consumption 
Footprint. For example, in the case of 
food, the priority would be scenarios 
that take into account nutrient reco-
very, which in turn is expected to re-
duce impacts on eutrophication and 
human toxicity. In the same vein, it 
would also be desirable to prioritise 
scenarios capable of simulating the 
effect of EU policies (e.g. in terms 
of the scope of circular economy or 
eco-efficiency strategies), or scena-
rios related to innovations that are 
currently present in a limited way in 
the market but are expected to be 
relevant for consumer areas in the 
future (e.g. the increasing market 
presence of electric vehicles in the 
mobility sector).

A scenario analysis using Life Cycle 
Analysis can also help to identify the 
advantages and disadvantages asso-
ciated with some technologies (e.g. 
reduction of direct use of fossil re-
sources combined with additional use 
of mineral resources for solar and 
wind energy development). Thus, 
another important element to consi-
der when talking about scenarios is 
the potential rebound effect that can 
occur when there is an association 
between certain technological impro-
vements, such as improvements in 
the energy efficiency of appliances, 
and increases in consumption inten-
sity (as is the case, in particular, in 
areas such as mobility and the use of 
appliances) (Hickel and Kallis, 2020; 
Haberl et al., 2020).
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Finally, the scenarios show the en-
vironmental effects of the improve-
ment actions analysed. Under real 
conditions, other aspects (especially 
the economic dimension) must also 
be considered in the decision-making 
process (Sala et.al., 2019).

The following paragraphs present the 
results of the scenario analysis for 
the case of food, in terms of impro-
ved impacts from behavioural chan-
ges and reduction of meat consumed 
in the diet, and for appliances, in ter-
ms of reduced impacts from the use 
of more energy-efficient services, as 
well as changes in user behaviour.

Dietary	Modification
Scenarios

In section 2.4, the analysis carried out 
determined that meat and dairy pro-
ducts are responsible for a relevant 
part of the environmental impacts 
(e.g. climate change, eutrophica-
tion, non-carcinogenic human toxici-
ty, etc.). In this sense, the following 
scenario for Spain aims to assess the 
effect, in terms of environmental im-
pacts, of a shift towards diets with 
lower meat and dairy content compa-
red to the current one. 
All stages of the life cycle of meat and 
dairy products and their impact on all 
products in the food basket are consi-
dered in the design of the scenarios. 

Table 1 presents two scenarios for 
dietary changes and compares them 
with the situation in 2018 at the na-

tional scale. The scenarios are desig-
ned according to the dietary changes 
described in Westhoek et al. (2014), 
based on the IMPRO study on the 
environmental impacts of dietary 
changes (Tukker et al., 2009). These 
dietary changes consist of a 25% to 
50% reduction in the consumption of 
beef, dairy, pork, poultry and poultry 
products, which is compensated by 
an increased intake of cereals, legu-
mes and eggs. Wine and pasta were 
not considered in this scenario.
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It should be noted that the scenarios 
designed are not intended as a sug-
gestion for a balanced diet, but only 
as an example of a diet with reduced 
amounts of meat. In fact, the com-
parison of dietary scenarios is not 
straightforward, and must also take 
into account nutritional needs and a 
balanced composition in terms of nu-
trients and food types.

The results presented in Figure 39 
show that partial replacement of 
meat and dairy with other cereal-ba-
sed foods, pulses and eggs can redu-

ce the impact generated in all impact 
categories, with reductions of close to 
40% for ozone depletion, acidification 
and terrestrial eutrophication (-50% 
scenario). This result is not surpri-
sing, due to the assumptions made in 
designing the scenario.

Although the improvements in im-
pacts are relevant, it is important to 
comment that further analysis of the 
willingness to change their diet of all 
consumers at country level would be 
necessary, especially in relation to 
dietary choices that can be conside-

Table 1. Modified parameters for the dietary change scenario.

Product
groups

Representative 
products

Scenario 1:
- 25%

Scenario 2:
- 50%

Meat
Beef,
pork,
chicken

-25% -50%

Legume-
based
products

Tofu,
soy beverage

+25% +50%

Dairy
products

Milk,
butter,
cheese

-25% -50%

Cereal-
based
products

Rice, Bread, 
Quinoa

+25% +50%

Meat
preparations

Meat-based
products

-25% -50%

Legumes
Beans,
chickpeas,
lentils

+25% +50%

Eggs Eggs +25% +50%
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red valid from a nutritional content 
perspective. In this respect, there 
are several factors that may influen-
ce people’s choices to change their 
purchasing habits in relation to food 
patterns such as price concerns, food 
purchasing habits, access to and per-
sonal benefit from certain products, 
the availability of clear and accessible 
nutritional information, etc. (Gephart 
et. al. Al., 2016).

At a more policy level, concerns 
about health issues related to nutri-
tion, overweight and obesity, animal 
welfare, pollution levels, etc. should 
help design specific actions to ensure 
that all consumers have access to su-
fficient, healthy, nutritious and affor-
dable food at all times, while reducing 
the burden of diet-related diseases, 
including obesity, by promoting heal-
thier diets and providing food with a 
lower environmental impact (Caste-
llani et al., 2017).

Figure 39. Implementation of dietary change scenarios.
Results are expressed as % change compared to the baseline diet

(for 2018, set at 0).
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Eco-innovation scenarios
in appliances

The scenarios considered in the field 
of appliances take into account the 
most relevant critical points identi-
fied in relation to the situation in the 
reference year for this area of con-
sumption (2018), as well as scena-
rios related to those innovations that 
currently represent only a small por-
tion in the market but are expected 
to be relevant for the sector in the 
medium to long term.

Across the entire life cycle of the 
products considered, two stages of 
appliances are considered really sig-
nificant by the studies (Reale et al., 
2019): the “production of materials/
components” and “use” stages for all 
the impact categories examined, as 
well as “maintenance and repair” for 
the “ozone depletion” category. 

When analysing the contribution of 
the different product groups, as we 
saw in section 2.4, the refrigerator, 
dishwasher, washing machine, and 
television are identified as more im-
portant than the others in terms of 
the impacts caused. Although in all 
these product groups the use phase 
dominates the life-cycle impact, they 
are undergoing continuous techno-
logical development - more or less 
rapidly - towards lower energy con-
sumption in this phase.

In that regard, the tables below re-
present three different scenarios of 

energy efficiency improvement as-
sociated with the above-mentioned 
appliances. In particular: 

▪ Scenario 1:
 dishwasher, washing machine 

(Table 2); 

▪ Scenario 2:
 refrigerator (Table 3);

▪ Scenario 3:
 television (Table 4).
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One must consider that in the case of 
dishwashers and washing machines, 
an improvement in water efficien-
cy is also considered and, for was-
hing machines specifically, also in the 
quantity of detergent needed per cy-
cle. To achieve better efficiency, the 

number of components for dishwas-
hers and refrigerators is increased. 
For washing machine and televisions, 
the components are the same as tho-
se considered for the reference year 
(2018, set to 0).

Table 2. Efficiency improvement parameters for dishwashers
and washing machines.

Changes
Stage of the
life cycle

Dishwasher 
Model 1

Dishwasher 
Model 2

Washing
machine

Manufacture of 
components

0.4 kg of
injection
moulded 
polypropylene
is added

0.5 kg of
injection
moulded 
polypropylene
is added

-

Manufacture of 
the product - - -

Packaging - - -

Distribution 
and sales - - -

Use phase

Use of 11.3 L of 
water and 0.66 
kWh of
electricity per 
cycle

Use of 10.2 L of 
water and 0.72 
kWh of
electricity per 
cycle

Use of 36.1 L of 
water, 0.064 L 
of detergent and 
0.4368 kWh of 
electricity per 
cycle

Maintenance 
and repair - - -

End of product 
life (EOL)

An additional 
amount of plastic 
is added to the 
EOL treatment:
10% incineration, 
10% landfill,
80% recycling

An additional 
amount of plastic 
is added to the 
EOL treatment:
10% incineration, 
10% landfill,
80% recycling

-
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 Table 3. Efficiency improvement parameters in refrigerator (with freezer).

Stage of the life cycle Changes

Manufacture of
components

13% of the amount is added to the following 
entries:
- steel, low alloy, without transport and plate 

rolling
- zinc (as a coating element)
- aluminium rolling mills, primary ingots and 

foils
- polystyrene, general purpose
Add 70% of the quantity of insulation material 
in the form of polyurethane, rigid form.

Manufacture of the product -

Packaging

Add 24% to all input data in this dataset (to 
represent the increase in packaging material 
required for the larger size of this device).

Add additional packaging material POV treat-
ment (same POV treatment as default amount), 
i.e. add 24% to all entries in the various pac-
kaging material POV datasets.

Distribution and sales
Correction of all transport loads (due to new 
weight of 86.03 kg for the cooling device, in-
cluding packaging)

Use phase

Correction of energy consumption from 4352 
to 1680 kWh (over the lifetime of the device);

Transport correction from 18,626 to 21,501 
t-km (taking into account the increased weight 
of the device)

Maintenance and
repair

-

End of product life
(EOL)

Adding EOL treatment of additional quantities 
of steel, aluminium, polystyrene and polyure-
thane (i.e. insulation material) while maintai-
ning the original split between the various EOL 
treatment options. Correction of energy con-
sumptions in the different EOL treatment op-
tions in relation to these modified quantities.
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Figure 40 presents the results of the 
three scenarios compared to the re-
sults of the reference scenario. The 
data show that the scenario whose 
impacts show the most significant 
reduction is scenario 2, referring to 
refrigerator efficiency improvements, 
as a large majority of the impacts 
examined show a reduction between 
5% and 8%. There are a few excep-
tions, such as the use of mineral and 
metal resources, which shows little 
change (this is an indicator of mineral 
and metal resources that varies ac-
cording to the infrastructure, i.e. the 
device, and not its level of electricity 
consumption), or carcinogenic human 
toxicity, which even shows a positive, 
albeit minimal, contribution.

A topic of interest within the analyses 
of changes in user behaviour concer-
ns the area of re-use in a broad sen-
se, i.e. in the form of actual re-use 
of whole devices or parts of such de-
vices, as well as increased collection 
and/or recycling rates (to achieve a 
higher degree of “re-use”, at least on 
a material level). These two aspects 
are investigated separately here, in 
scenarios 4a and 4b, respectively.

Table 4. Efficiency improvement parameters for television.

Stage of the life cycle Changes

Manufacture of components -

Manufacture of the product -

Packaging -

Distribution and sales -

Use phase

Energy consumption goes from 
1,161.3 to 392 kWh

(for the lifetime of such
a device)

Maintenance and repair -

End of product life
(EOL)

-
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When talking about reuse (Scenario 
4a), one aspect to take into account 
in this context is the “psychology” of 
the user in terms of consumption be-
haviour, i.e. why would a user want 
to replace an appliance that is in use, 
or, in other words, what factors might 
make a user use the existing applian-
ce for a longer time (compared to the 
average lifetime assumed for the ba-
seline scenario)?

In principle, there are several options 
and ways of modelling such “re-use” 
or life extension. The simplest form 
is chosen here, which means that the 
average lifetime of the various pro-

duct groups for which such reuse is 
taken into account has simply been 
adjusted to investigate the poten-
tial that an extended lifetime would 
generate compared to the referen-
ce scenario. This does not take into 
account, for example, the fact that 
energy efficiency is becoming higher 
in more modern appliances, and the 
“re-use” of an old device is often 
made as opposed to the purchase of 
a new, more efficient device (althou-
gh this involves new energy and ma-
terial costs in its manufacture). Ad-
ditional repair is taken into account 
in order to have a longer service life 
(Table 5).

Figure 40. Implementation of equipment efficiency change scenarios.
Results are expressed as % change compared to the baseline profile

(for 2018, set to 0).
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For Scenario 4b, the more psychologi-
cal user aspects are left aside a priori, 
i.e. the scenario is mainly based on 
the end-of-life treatment of applian-
ces, in order to achieve an increasing 
collection rate of these devices.

Due to the lack of reliable studies on 
this issue, a uniform collection rate of 
90% was finally assumed for all pro-
ducts except lamps, which have been 
assumed to go 100% to household 

waste, both in the baseline scenario 
and in this one. It is assumed that 
this 90% would represent the upper 
limit of return that could be expected 
in an optimal situation.

Finally, Scenario 4c of improvements 
in component recycling rates can be 
envisaged, in which improved end-of-
life treatment processes for applian-
ces become more significant. Accor-
ding to the analysis of Seyring et al 

Table 5. Improvement parameters towards greater
reuse of devices/parts.

Factor LV LD SC NE HE Notes

1st year of 
life

12,5 12,5 13,0 15,0 19,0
Data according

to reference
scenario

2nd life
devices 
(in%)

15% 10% 20% 10% 10%

Survey assumption 
(taking the number 
of machines in the 
population as an 

indication: the more 
machines, the lower 

the % reuse)

2nd year of 
life

4 4 4,5 5 6

Study assumption
(taking about 1/3 of 

the average first
lifetime of
a machine)

Average life 
(years)

13,1 12,9 13,9 15,5 19,6
Calculated, out of the 
values in the above 

lines

Repair x 2 x 2 x 2 x 2 x 2
Compared to the
baseline scenario

LV= dishwasher; LD= washing machine; SC=dryer; NE= fridge; HE= electric oven; HE= electric oven
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(2015) on the recovery and reuse of 
metals and other materials, these 
elements would have a potential ma-
terial recovery of up to almost 100%, 
while plastics, even in an optimal 
case, do not exceed approximately 
85%.
In order to assess the potential for 
a more efficient recycling process, 
the material recovery values used 
in the Seyring et al. study are taken 
into consideration in order to establi-
sh “optimistic” recycling rates for the 
different fractions distinguished wi-
thin the reference scenario. In more 
detail, the following assumptions are 
used in this study as a starting point 
for an optimal material recovery sce-
nario (Table 6):

● for the plastics fraction, it is as-
sumed that “high value” plastics 
(acrylonitrile butadiene styrene, 
polypropylene and polystyrene) 
will be recovered at a maximum 
level (assumed to be 5% abo-
ve the highest value currently 
shown for plastics recycling ac-
cording to Seyring et al. 2015), 
while for the other fraction of 
plastics a low recycling rate is 
assumed (one third compared 
to high-value plastics). For the 
remaining parts, energy reco-
very is assumed to be the main 
option, while landfilling is only of 
minor relevance;

● for the metal fractions, an al-
most complete material reco-
very is assumed (based on the 
fact that Seyring et al. 2015 as-

sume a potential of approxima-
tely 100%);

● for all other fractions (glass, 
concrete, mixed materials) it is 
assumed that the first two will 
be used mainly for material re-
covery and the last one for ener-
gy recovery, which in all three 
cases reduces the amount in 
landfill.
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In Figure 41, the results of the sce-
narios described above (4a, 4b and 
4c) are compared with the results 
of the reference scenario. The data 
show that user behaviour in scenario 
4a can also lead to a moderate reduc-
tion of environmental impacts related 
to appliances, in particular when they 
are used for longer periods of time.

Table 6. Improvement parameters towards increased recycling rates
for the various material fractions.

Fractions Reference
scenario Scenario 4c

RM RE V RM RE V

High-value plastics 80 10 10 90 10 -

Other plastics - 50 50 30(*) 60 10

Ferrous metals 95 - 5 98 - 2

Non-ferrous metals 85 - 15 98 - 2

Glass 65 17,5 17,5 90 - 10

Concrete 65 17,5 17,5 90 - 10

RM = material recovery (recycling)/ RE = energy “recovery” / V = landfill; (*) Takes into 
account the individual types of plastics contained in the respective appliances of the product 
group.
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Although the reductions in terms of 
impacts remain minimal for all three 
scenarios (the reduction of impacts 
is less than 1% for almost all impact 
categories), scenario 4b (increased 
collection of devices) has the most 
significant contribution for most of 
them, in particular in terms of fres-
hwater ecotoxicity and carcinogenic 
and non-carcinogenic human toxici-
ty. It shows, however, an increase in 
impacts on land use and water use. 
Finally, the third scenario (4c), as-
suming an increase in the recycling 

rates of the different metal/plastic 
streams during recycling treatment, 
shows hardly any reduction in envi-
ronmental impacts.

Figure 41. Implementation of user behaviour change scenarios.
Results are expressed as % change compared to the baseline scenario

(set to 0).
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4
 Assessment

of damage
to ecosystem 
integrity and

human health
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The 16 LCA-based impact indicators 
discussed above assess the alterations 
of certain parameters of the natural 
environment caused by environmen-
tal pressures (midpoint approach). 
This section adopts an approach that 
is geared more towards estimating 
the effects, in terms of damages that 
these pressures may be exerting on 
both ecosystem integrity (also ad-
dressing biodiversity loss) and hu-
man health (endpoint approach). 
This is an approach that is especially 
useful in decision making, as it focu-
ses attention on a few areas of inte-
rest (Reimann et al., 2010; Sala et 
al., 2019; Kägi et al., 2016), which 
are amenable to intervention from a 
policy perspective, 2010; Sala et al., 
2019; Kägi et al., 2016), which are 
amenable to policy intervention. 

By focusing the assessment of the 
damage caused by certain environ-
mental pressures on a few protection 
areas, this approach can facilitate 
and enhance the interpretation of the 
results of the Consumption Footprint 
in the context of the SDGs, as well as 
reveal potential connections between 
them. 

To explore how different impact in-
dicators (“midpoint”, effect prior to 
harm generated) affect human heal-
th and ecosystem integrity (Sala et 
al., 2019), the ReCiPe 2016 method 
(RECIPE, 2016; Huijbregts et al., 
2017) has been applied on baseline 
data for the year 2018, by product 
and by area of consumption. Spe-

cifically, following the ReCiPe 2016 
method, human health damages are 
measured in DALYs (Disability Adjus-
ted Life Years), which represent years 
of life lost due to disability, an overa-
ll measure of the burden of disease 
that represents both years lost due 
to premature death and years lived 
with disability. In terms of ecosystem 
integrity, ReCiPe 2016 expresses the 
measure of damage in terms of PDF 
(Potentially Disappeared Fraction), 
i.e., the fraction of species potentially 
missing in a given area, and over a 
given period of time.

As shown in Figure 42, changes in 
land use and global warming affec-
ting terrestrial ecosystems are res-
ponsible for about 80% of the dama-
ge to ecosystem integrity associated 
with consumption patterns in Spain. 
These results are also consistent 
with the findings of the Millennium 
Ecosystem Assessment (MEA, 2005; 
WWF, 2017), which identify these two 
categories among the main drivers of 
biodiversity loss. In terms of contri-
bution according to different areas of 
consumption, food is the largest con-
tributor to the loss of ecosystem qua-
lity (and thus to biodiversity loss), 
especially because of environmental 
impacts related to the use of agricul-
tural land for crops and pasture for 
food (Crenna et al. 2019).
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Global warming and certain levels of 
particulate matter emissions into the 
atmosphere are the main drivers of 
harmful effects on human health re-
lated to consumption in Spain, which 
raises the need to intervene in this 
area to ensure better health condi-
tions in accordance with SDG 3. This 
result is in line with current WHO 
mortality statistics, which present 
diseases associated with the respi-
ratory system as one of the leading 
causes of death (WHO, 2018; GBD, 
2019). The concentration of particu-
late matter in the air prevails over the 
global warming category by dama-
ging human health in those areas of 
consumption where electricity use is 

high (in the whole life cycle), such as 
appliances and household goods, but 
also in food (Balasubramanian et al. 
2021) (Figure 43). In terms of contri-
bution in terms of areas of consump-
tion, food has the greatest impact on 
human health, followed by housing 
and mobility.

In general terms, it can be said that 
global warming is a major contribu-
tor to damage to the health of both 
ecosystems and people. In fact, it is 
predominant in human health, whi-
le it is second only to land use in its 
contribution to the deterioration of 
ecosystem integrity. This would re-
flect the need for continued com-

Figure 42. Damage to ecosystem integrity
(Consumption Footprint, Spain, 2018).
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mitment to climate-related policies 
to meet SDG 13. On the other hand, 
land uses which are not linked to 
harm to human health, according to 
ReCiPe 2016, are the impact category 
with the highest score for the objecti-
ve of protecting ecosystem integrity, 
leading to increased biodiversity loss, 
as has been corroborated by science 
since the Millennium Ecosystem As-
sessment (MEA, 2005).
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Based on data provided by the Eu-
ropean Commission’s Joint Research 
Centre, this paper has used the Life 
Cycle Assessment methodology to
estimate the environmental pressu-
res and impacts behind the consump-
tion patterns of Spanish citizens. This 
is the first study carried out in our 
country aimed at exploring the en-
vironmental impact of consumption
in a systemic and integrated way to 
assess its degree of decoupling with 
economic growth, comparing its re-
sults with the patterns showed by the 
EU-28 as a whole and showing them 
in reference to the SDGs and plane-
tary boundaries.

Between 2010 and 2018, Spain’s Do-
mestic Footprint decreased for most 
of the environmental impacts asses-
sed (as well as in the weighted index). 
Only four of the 16 impacts showed 
growth trends. The use of mineral re-
sources and metals is worthy of spe-
cial mention here, an environmental 
impact that almost doubled during
the period analysed due not only to 
an increase in the silver and copper 
mining in Spain since 2015 but also 
the impact associated with the ex-
traction of these resources and their 
global availability. For its part, fres-
hwater consumption, despite showing 
a decreasing trend in the time series, 
emerged as one of Spain’s main en-
vironmental problems, accounting for 
34% of the contribution of environ-
mental pressures linked to Spain’s
Domestic Footprint. Spain is current-
ly responsible for almost 60% of the 
environmental impact due to water
consumption in the EU-28. 

Looking at the full range of envi-
ronmental impacts associated with 
Spaniards’ consumption patterns 
(regardless of where these impacts 
take place), we see that 13 of the 
16 environmental impacts assessed 
in Spain’s Consumption Footprint per 
capita (as well as the weighted index) 
showed upward trends between 2010 
and 2018. These growth trends were 
mainly due to the increase in Spanish 
imports and the increase in the inten-
sity of consumption of most products.

In recent years, Spain has managed 
to reduce the environmental impacts 
linked to its domestic consumption 
while at the same time keeping its 
economy growing thanks to a pro-
cess of externalisation of its global 
consumption patterns that has trans-
ferred a large part of these impacts 
abroad through international trade. 
Our country is, in general terms, a net 
exporter of environmental impacts to 
third countries; countries that have 
acted as a source of resources and a 
waste sink for Spain. 

The use of consumption-based indica-
tors, such as Spain’s own Consump-
tion Footprint, has proved essential 
to be able to perceive the full range of 
environmental impacts linked to the 
consumption patterns of its inhabi-
tants and who, in a highly globalised 
economy, operate within and beyond 
national borders.

Food consumption emerged as the 
main driver of environmental impacts 
generated by Spanish household con-
sumption, followed by mobility and 
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housing. These three areas together 
accounted for 85.3% of the entire 
Spanish Consumption Footprint in 
2018. A Consumption Footprint that, 
in per capita terms, has moved above 
the EU average in 2016 and 2018.

Food and mobility were also the two 
areas of consumption whose foo-
tprints increased the most between 
2010 and 2018. The only environ-
mental impacts that did not have food 
as a main driver were eutrophication 
of freshwater and ionising radiation 
(housing), photochemical ozone for-
mation and use of fossil resources 
(mobility) and use of mineral resour-
ces and metals (appliances).

At the product level, the foodstuffs 
with the highest impact were meat 
and dairy products, while the means 
of transport that contributed most to 
Spain’s Footprint were diesel cars, 
petrol cars and continental air trans-
port. On the other hand, the housing 
typologies that had the greatest wei-
ght on the Consumption Footprint 
were multi-family dwellings (both 
those built between 1970-1989 and 
those built before 1945). Finally, the 
household goods that contributed the 
most in terms of Consumption Foo-
tprint were clothing, furniture and 
paper products, and in the case of 
appliances the biggest impact came 
from the refrigerator, TV, oven and 
laptop.

The weighted index of Spain’s Con-
sumption Footprint, as well as 12 of 
the 16 environmental impacts as-
sessed, showed a strong absolute 

and significant coupling with national 
GDP. The study carried out here does 
not, therefore, allow us to argue that 
there is a decoupling between the 
growth of the Spanish economy and 
the environmental impacts linked to 
consumption.

The results obtained in this report 
showed that Spain’s consumption pa-
tterns are generating impacts outside 
the safe operating space for huma-
nity at several planetary boundaries, 
namely: climate change, resource 
use (both fossil and mineral and me-
tal), ecotoxicity, freshwater eutrophi-
cation and particulate matter. Thus, 
six of the 16 environmental impacts 
assessed in Spain exceed the safety 
thresholds for the proper functioning 
of the Earth System. An overreach 
that ultimately has a negative impact 
on people’s health and the planet.

The results of the scenario analyses 
for the two areas addressed highligh-
ted how life cycle analysis can help 
identify trade-offs associated with 
policy, technological and behavioural 
change options. 

The analysis showed that sometimes 
the intensity of consumption can be 
more relevant than possible tech-
nical improvements. In the case of 
appliances, for example, the crosso-
ver effect of technological improve-
ments and increased consumption in-
tensity (more devices per household) 
generates diverging trends between 
impact categories (e.g. reduction of 
climate change at the same time as 
increased depletion of mineral re-
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sources). Future research could, for 
example, include potential rebound 
effects in scenario modelling. Scena-
rios in the area of transition to dietary 
change have shown that combining 
several actions could be a good way 
to cover a wider range of impacts, 
and to maximise the potential reduc-
tion, both at consumer level and at 
national level. 

The results of this study constitute, 
in short, a scientific basis on which 
to define objectives for future policies 
and initiatives at different scales, as 
well as to promote changes in habits 
towards healthier and more sustaina-
ble consumption patterns.
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7
List of definitions

Concepts Definitions

Life Cycle
Assessment 
(LCA)

LCA is a methodology for the systematic assessment 
of the environmental aspects of a product or service 
system at all stages of its life cycle.

Carrying
capacity

The carrying capacity of a biological species in a 
given environment is the maximum population size 
of the species that the environment can sustain 
indefinitely, given the food, habitat, water and other 
needs available in the environment. In population 
biology, carrying capacity is defined as the maxi-
mum load of the environment, which is different 
from the concept of population equilibrium (Hui, 
2006; Sayre, 2008).

Apparent
consumption

It is the mathematical sum of domestic production 
plus imports less exports (APPARENT CONSUMP-
TION = IMPORTS + DOMESTIC - EXPORTS).
It differs from “real” consumption because it does 
not take into account changes in stocks.

Absolute
decoupling

Environmental impacts are falling as economic acti-
vity continues to grow.

Relative
decoupling 

The increase in environmental impacts is smaller 
than the growth in economic activity.
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Footprint A “footprint” is a quantitative measure that descri-
bes humans’ appropriation of natural resources. A 
footprint describes how human activities can impo-
se different types of burdens and impacts on global 
sustainability (Čuček et al., 2012).

Environmental 
Footprint

Life cycle based methodology for the assessment of 
the environmental profile of products (PEF) or orga-
nisations (OEF).

Consumption 
Footprint

The Consumption Footprint is a set of 16 indicators 
based on the LCA method, which can be summari-
sed in a single weighted index, aimed at quantifying 
the environmental impacts of apparent consumption 
in the EU and Member States.

Domestic
Footprint

Overall environmental impact of the European 
Union (EU-28) and ultimately of each Member State 
with a production-based approach.

Environmental 
Impact

A consequence of an intervention in the environ-
mental system (Guinée et al 2002). Potential im-
pact on ecosystems, human health or natural re-
source depletion caused by interventions between 
the technosphere and the ecosphere covered by the 
LCA (e.g. emissions, resource extraction, land use).

Planetary
boundaries

A framework concept developed by Rockström et 
al (2009) to define a desired operating range for 
essential Earth system features and processes. The 
transgression of a terrestrial planetary boundary 
implies the risk of a catastrophic or damaging loss 
of existing ecosystem functions or services throu-
ghout the terrestrial biosphere.
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Standardisation According to ISO 14044, standardisation is an 
optional interpretation step in a full LCA study. 
Standardisation allows the practitioner to express 
the results after characterisation, using a common 
reference impact. Using standardisation references 
in combination with weighting factors, the relative 
magnitude of an impact can be related to other im-
pacts in the life cycle with a common unit.

Life cycle
perspective

The life cycle approach seeks to go beyond the 
traditional focus on the production site and manu-
facturing processes to include the environmental, 
social and economic impacts of a product throu-
ghout its life cycle, regardless of the territory in 
which they occur.

Weighting According to ISO 14044, weighting is an optional 
interpretation step of a full LCA study. Weighting 
allows the results to be expressed as a single final 
score, resulting from assigning a weighting to each 
impact category based on the relative importance 
of one impact compared to another.
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Annex 1. Impact categories, supporting models and robustness of impact 
assessment models.

Impact
category Unit

Model adopted
as in studio

Environmental
Footprint

(Robustness of
the modela)

Global
standardisation 

factorsb
Planetary 

boundaries

Weighting 
factorsc

(%)

Climate
change kg CO2 eq IPCC, 2013 (I) 5.58E+13 6.81E+12 21.06

Depletion of the 
ozone layer

kg CFC-11 
eq

World Metereological 
Organisation (WMO), 

2014  (I)
3.70E+08 5.39E+08 6.31

Particles in 
suspension

Disease 
incidence Fantke et al., 2016 (I) 4.11E+06 5.16E+05 8.96

Ionising
radiation

kBq U-235 
eq.

Frischknecht et al., 
2000 (II) 2.91E+13 5.27E+14 5.01

Ozone
formation
photochemical

kg COVNM 
eq.

Van Zelm et al., 2008, 
as applied in ReCiPe 

2008 (II)
2.82E+11 4.07E+11 4.78

Acidification	 mol H+ eq

Posch et al., 2008 (II)

3.83E+11 1.00E+12 6.2

Eutrophication, 
terrestrial mol N eq 1.22E+12 6.13E+12 3.71

Eutrophication, 
freshwater kg P eq

Struijs et al., 2009 
(II)

1.11E+10 5.81E+09 2.8

Eutrophication, 
marine kg N eq 1.35E+11 2.01E+11 2.96

Ecotoxicity,
freshwater CTUe

based on USEtox2.1 
model (Fantke et al. 
2017), adapted as in 
Saouter et al., 2018

8.51E+14 1.31E+14 1.92

Human toxicity, 
non-carcinogenic 
effects

CTUh 1.74E+07 4.10E+06 2.13

Human toxici-
ty, carcinogenic 
effects

CTUh 1.91E+05 9.62E+05 1.84

Land use Pt

Soil quality index 
based on an updated 

LANCA model (De 
Laurentiis et al. 2019) 
and on the LANCA CF 
version 2.5 (Horn and 

Meier, 2018)

5.65E+15 3.98E+15 7.94

Water use m3 water 
eq

AWARE 100 (based 
on) (UNEP 2016; Bou-
lay et al. 2018) (III)

7.91E+13 1.82E+14 8.51

Use of fossil
resources MJ ADP fossils (van Oers 

et al., 2002) (III) 4.48E+14 2.24E+14 8.32

Use of mineral 
resources and 
metals

kg Sb eq
ADP ultimate reserve 

(van Oers et al., 
2002) (III)

4.39E+08 2.19E+08 7.55
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a EC, (2017). PEFCR Guidance document - Guidance for the development 
of Product Environmental Footprint Category Rules (PEFCRs), version 6.3, 
December 2017.

b Crenna E., Secchi, M., Benini, L., & Sala, S. (2018). Global environmental 
impacts: data sources and methodological choices for calculating normali-
sation factors for LCA. Submitted to The international Journal of Life Cycle 
Assessment.

c Sala S., Cerutti, A.K., & Pant, R. (2018). Development of a weighting 
approach for Environmental Footprint. European Commission, Joint Re-
search Centre, Publication Office of the European Union, Luxembourg. ISBN 
978-92-79-68041-0.t al., 2018.
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Annex 2. Results of Pearson’s correlation tests between Spanish GDP and the 
16 environmental impact indicators of the Spanish Consumption Footprint (as 
well as the weighted index) between 2010 and 2018.

Environmental Impacts of 
the Consumption Footprint R2 p-value Significance

Acidification 0,8832 0,0002 **

Climate change 0,9414 0,0000 ***

Freshwater ecotoxicity 0,9026 0,0001 **

Eutrophication of freshwater 0,0508 0,5599

Marine eutrophication 0,8718 0,0002 **

Terrestrial eutrophication 0,8390 0,0005 **

Human cancer toxicity 0,8922 0,0001 **

Non-carcinogenic
human toxicity

0,9149 0,0001 **

Ionising radiation 0,0011 0,9333

Land use 0,8901 0,0001 **

Ozone depletion 0,7427 0,0028 **

Particulate matter 0,9040 0,0001 **

Photochemical ozone formation 0,9404 0,0000 ***

Use of fossil resources 0,6781 0,0064 **

Use of mineral resources
and metals

0,0239 0,6913

Water use 0,7527 0,0024 **

Consumption Footprint
(weighted index)

0,9219 0,0000 ***

Independent variable: GDP at constant prices. 
Significance: * p < 0.05; ** p < 0.01; *** p < 0.001.
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