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1 Executive summary

While progress has been made in increasing the economic benefits of resource use in the
EU, there is still significant potential to increase resource efficiency and hence to decouple
economic development from resource use and environmental degradation. These aims can
be achieved by:

1. Using fewer resources to fulfil the same needs

2. Increasing the (socio-economic) value and benefits from the use of (the same
amount of) resources

3. Reducing the environmental impacts and damage associated with the use of
resources

This report documents the work performed in Work Package 2 (WP2) of the EU funded FP7
project DYNAMIX. The objective of the DYNAMIX project is to identify policy pathways to
absolute decoupling of economic growth from resource use and its environmental impacts.
This report identifies the main inefficiencies of resource use in the EU and investigates their
drivers and underlying causes. This research will serve as a basis for identifying key policy
areas to focus on later in the DYNAMIX research project and support the European
Commission in the development of policy mixes that will achieve absolute decoupling. A
thorough understanding of the drivers and causes of inefficient resource use is vital when
designing appropriate and effective policy mixes.

Based on an extensive review of existing literature and data, the main areas of inefficient
resource use were identified and analysed using qualitative and quantitative methods.
Resource use in the EU was examined from the perspective of individual types of resources
such as materials, energy, water, land and ecosystems, but also from a production and
consumption perspective, with a particular focus on food, transport and buildings. In both
cases a life cycle approach was used following the resources from their extraction to outputs
and returns back to the natural environment in the form of waste and emissions to air, water
and soil. Material (and substance) flow analysis was used to demonstrate how resources
such as iron, cobalt, phosphorus and water are used in the EU or globally.

The drivers of inefficient resource use were examined qualitatively and quantitatively using
meta-analysis of literature. Based on this analysis, six broad groups of factors that directly or
indirectly influence resource use were identified: behavioural and informational; institutional
and organisational; policy and regulatory; economic and demographic; technological and
infrastructural; and bio-physical.

1.1 Global and macro-economic overview of inefficiency

A review of the global and macro-economic flows of resources and their uses provided a first
indication on which resources are used most inefficiently and where in the life cycle this
occurs. The resources that are used the most in the economy are not necessarily the same
as those that are used most inefficiently, but the total flow of resources in the economy
provide an idea of which types of resource use are most important to improve.
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The EU food system is particularly resource intensive in terms of biomass extracted,
freshwater withdrawals, land use, application of fertilizers and wild fish catches. While
there is significant potential to improve resource efficiency related to agriculture,
fisheries and food production, the greatest potential seems to lie in addressing food
consumption: diets, overconsumption and food waste.

Over 75% of EU’s primary energy consumption is based on fossil fuels. Renewables
represent about 10% of current energy consumption, but could potentially cover all
EU energy demand. In addition to being a finite resource, the burning of fossil fuels is
the main source of human induced GHG emissions that lead to climate change. While
renewable energy sources could reduce GHG emissions significantly, this involves
large investments and might even put a even greater strain on the use of other
resources, €.g. land and water to produce bioenergy, critical raw materials to produce
photovoltaics and wind turbines. It would be less costly to increase energy efficiency
in power generation, buildings, transport and industry, even though this also requires
significant investments.

Compared to other resources, metals are generally the most valued within the
economy. Despite being inherently recyclable, they are often sent to landfills at their
end-of-life. Besides reducing the demand for metal through better design and longer
product lifetimes, closing material loops seems to have the greatest potential for
increasing resource efficiency of metals.

Minerals also have the potential to be more efficiently reused and recycled, however
the greatest potential for improving the resource efficiency of construction minerals is
through better design and planning of buildings and infrastructure. It also holds the
potential for more efficient use of land, energy and water related to buildings and
urban areas. Other minerals, phosphorus in particular, are used very inefficiently with
losses occurring throughout the life cycle.

The greatest users of freshwater in the EU are the energy sector (for cooling
purposes), the agricultural sector, public water supply and industry. The greatest
inefficiencies identified were related to irrigation technologies and practices; leakages
in the public supply system and evaporation in (energy production) cooling systems.
There is also scope for significant improvements in the water efficiency of water-using
products (e.g. toilets, showers, dishwashers, washing machines, etc.) and buildings
as well as the potential for reusing wastewater and harvesting rainwater.

The main inefficiencies identified related to land use is land conversion from natural
land to agricultural or built-up land (particularly, urban sprawl and transport
infrastructures). Due to large remediation costs, abandoned contaminated sites in
particular represent inefficient use of land, which is a finite and scarce resource.

From a general perspective of resource use, the extraction of all natural resources
and the generation of environmentally harmful emissions and waste along all life
cycle stages are often the cause to severely degraded ecosystems and their ability to
provide the services that the economy is dependent on. In most cases ecosystems
provide these benefits in a much more efficient manner than humans are capable of.

Page 2 | Introduction
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1.2 The main drivers of resource inefficiency

A variety of factors that influence resource inefficiency were identified through both the
qualitative literature review and meta-analysis. These factors affect resource efficiency in
various ways, e.g. positive or negative, as well as directly or in combination with other drivers
(conjoint or moderator effects).

In most of the existing literature on resource efficiency, population growth and rising income
(affluence) are identified as two of the main root causes of existing unsustainable patterns of
resource use — regardless of the resource type (energy, materials, water, land). However,
rising income and population growth are mainly indirect drivers — there are other factors with
more direct influence on resource inefficiency. Our analysis points to drivers that constitute
part of the complex interplay of factors: in particular consumption and production patterns
that translate the increasing affluence of ever more people (emerging middle-class
consumers) into lifestyles and habits associated with high resource use. This was observed
in relation to areas such as:

* (dietary choices (high meat and dairy consumption),

* choice of transport modes and distance travelled (more use of individual transport
modes, increasing air travel), and

* housing preferences (larger living spaces per person, increasing number of
appliances in use, more efficient heating systems which in the context of the rebound
effect might even lead to an increase in excessive energy use).

All the above mentioned drivers appear to be directly affected — or at least indirectly
influenced — by either resource efficiency fostering or impeding legal frameworks,
administrative settings and political actions. The meta-analysis showed that legal-
administrative settings and political actions and legal/political frameworks/actions were most
often mentioned of among the drivers identified. While the focus of the study was on factors
affecting resource inefficiency, several factors were identified that contribute to improving
resource efficiency. The most commonly mentioned are environmental concerns (mainly in
relation to water pollution), resource prices, and supply insecurity. While it can be discussed
whether environmental concerns as such are sufficiently powerful drivers for more efficient
resource use, resource prices and supply insecurity were shown to be considered powerful
drivers that case studies demonstrated to have already led to improvements in resource
efficiency. Both have direct economic impacts on business, trade and competitiveness.

In an attempt to classify drivers according to the way they influence the improvement of
resource efficiency, the following figure (based on the effect type allocation) of indirect,
intermediate and direct drivers was created.
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Figure 1 Conceptualisation of indirect, intermediate and direct drivers for improving
resource efficiency
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1.3 The key areas to address to achieve absolute decoupling

The review and analysis of resource inefficiency uncovered areas which could potentially be
addressed by policy intervention to achieve absolute decoupling in the EU by 2050. Besides
some general aspects of EU production and consumption patterns, the key areas of resource
inefficiency were related to food, transport and buildings. These represent the areas that
contribute the most to environmental pressures in the EU.

Figure 2 presents the areas with significant potential to improve resource efficiency and
possibly achieve absolute decoupling. The areas identified in this study are ranked according
to two dimensions: in relation to the potential for resource efficiency improvement, and in
relation to the feasibility or ease for EU policy to influence resource efficiency improvements
(Bringezu and Bleischwitz 2009). The ranking and comparison of key areas of inefficiency
are based on the authors’ opinion and not on thorough assessments.
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Figure 2 A preliminary assessment of key areas of inefficiency in relation to potential
for decoupling and policy intervention
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1.4 Approaches to improving resource efficiency

The review and analysis of inefficient resource use showed that there are many different
approaches to improving resource efficiency, e.g. reducing waste and losses, reducing
demand (e.g. resource sufficiency), sustainable raw material extraction, substituting
resources with others that cause less harm to the environment, reuse and recycling, etc. One
of the most common strategies to improving resource efficiency is to reduce waste and
losses. This can contribute to other resource efficiency strategies upstream in the life cycle of
resource use such as reducing the overall demand for resources, reducing the need for
resource inputs and ultimately leading to a more sustainable level of natural resource
extraction. The reuse and recycling of resources can also reduce the need for virgin
resources by closing material loops and reducing the demand for resources.

A set of resource efficiency strategies focus more on reducing the environmental impacts
associated with resource use rather than the amounts of resources used. These are
substituting specific resources with other types of resources that are less harmful to the
environment (e.g. using wood instead of metal), using resources in a way that results in less
environmental damage (e.g. applying fertilisers only in certain times of the year) and using
resources that actually protect or improve the environment (e.g. establishing green areas to
reduce heat islands in urban areas).

The following figure summarises the main strategies to improving resource efficiency.

Figure 3 The identified main strategies to improve resource efficiency
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Overall, the findings from the literature review and the meta-analysis contribute to an
improved and more comprehensive picture of relevant drivers affecting resource inefficiency.
This will serve as a guide for the other work packages of the DYNAMIX project, which aims is

to identify policy pathways to absolute decoupling of economic growth from resource use and
its environmental impacts.

Page 6 | Introduction



DYNAMIX Reasons for inefficiency

2 Introduction

Natural resources are fundamental for our society and its prosperity. They are needed in all
human activities, and their use forms the basis of our economy. Resources such as raw
materials, energy, food, water and land are directly extracted from nature to produce
products and services that create economic value. In addition to the resources that are
directly valued by the economy, other natural resources, such as ecosystems, provide
environmental and social services that humans greatly depend on.

While humankind continues to develop and improve the quality of life, this has been based
on the ever increasing use of natural resources over time (Figure 4). History has shown that
the main drivers of resource use and environmental impacts are population, affluence (per
capita consumption) and technology (Ehrlich and Holdren 1970). In economies today,
resource use increases with population and affluence, while advances in technology typically
increase resource efficiency (e.g. products become more efficient over time).

Figure 4 Global material extraction and energy production from 1900 to 2008

Global material extraction and energy supply in relation to population and GDP
(index 1900 = 100)
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Source: (Krausmann, et al. 2009)

Based on current projections of population growth and income and even with the most
optimistic expectations of technological development, we will not be able to avoid irreversible
damage to the planet’s natural environment and jeopardise its very ability to provide the
resources and the ecosystem services that are essential to meeting some of the world’s
basic needs. According to WWF, the planet’s biocapacity - the area of land and productive
oceans actually available to produce renewable resources and absorb CO, emissions — have
already been exceeded by more than 50% (WWF 2012). Global population and income
forecasts will only put additional pressure on the planet’s carrying capacity. This is why the
concept of absolute decoupling is so important. Absolute decoupling aims to modify the
drivers of resource use and environmental impacts, so that they are no longer linked to
population or economic growth.
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2.1 Decoupling

The EU is a long way from absolute decoupling of the consumption of resources from
economic growth, despite examples of success in improving the resource efficiency of its
economy. Since the year 2000, relative decoupling can be observed for materials, waste,
energy and GHG emissions, which have all followed the development of GDP but at a
reduced rate (see Figure 5). Absolute decoupling can be observed for water abstraction and
agricultural land in the EU, but this does not take into account the increase of resource use
outside the EU due to EU demand. The imports of agricultural products from countries
outside the EU have increased over the past decades. This has not only increased land use
in other countries, but has also shifted the environmental (and social burden) of EU
consumption (SERI 2011).

Figure 5 EU consumption of different resources in relation to population and GDP

Resource use in the EU compared with populationand GDP (index2000 = 100)
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Source: Eurostat
Notes:
- Waste data only available for 2004, 2006, 2008 and 2010 (extrapolation was used to fill data gaps)
- Energy is measured as Gross Inland Energy Consumption
- Data gaps in freshwater abstraction were filled by using data from the latest year available and using per
capita abstraction data from neighbouring countries
- Data gaps in utilised agricultural area were filled by using data from the latest year available

On a global scale, most resources indicate some level of relative decoupling from GDP
growth (see Figure 6) - with the exception of the rate of extraction of metal and mineral ores.
Only agricultural land seems to be fully decoupled from GDP growth. This may be an
example of an increase in land use efficiency, but could also be an expression of the limited
availability of land. Besides agricultural land, the consumption of all other resources remains
coupled with population growth.
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Figure 6 Global consumption of different resources in relation to population and GDP

Global resource use in relation to population and GDP (Index 2000=100)
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Source:
- GDP, population, energy and material extraction data from (Krausmann, et al. 2009).
- Freshwater withdrawal data from Food and Agriculture Organization, AQUASTAT data. Data available
only for 1997, 2002, 2007, 2011. Intermediate years estimated through extrapolation.
- Agricultural land data from Food and Agriculture Organization, FAOSTAT data;
- Ecological Footprint from the Global Footprint Network (National Footprint Accounts 2010 edition). Data
available only for 2000, 2005 and 2007. Intermediate years estimated through extrapolation.

While global trade has brought wealth to more people on the planet, it has a major impact on
the environment. The level of resource use within the EU (and other industrialized and
emerging economies) cannot be maintained without seriously threatening the functioning of
various ecosystems with crucial provisioning and supporting services for human society and
endangering climate stability (Millennium Ecosystem Assessment 2005). This high (and
growing) demand for resources together with the on-going degradation of ecosystems lead to
increasing scarcity of natural resources. This in turn results in rising global commodity prices.
Resource scarcity also creates substantial economic dependencies with respect to resource-
exporting countries. Finally, current levels of resource use in industrialized countries have a
disproportionately negative impact on populations in developing countries, ultimately limiting
their possibility to reach higher standards of living, while at the same time threatening future
generations’ well-being (Wuppertal Institute 2010).

2.2 Resource efficiency

In order for the EU to continue to develop and flourish sustainably within planetary
boundaries (Rockstrém, et al. 2009), it has to increase its resource efficiency until absolute
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decoupling’ is achieved. In general, improvements in resource efficiency can be achieved
through any of the following approaches (or combination of approaches):

Using fewer resources to fulfil the same needs

2. Increasing the (socio-economic) value and benefits from the use of (the same
amount of) resources

3. Reducing the environmental impacts and damage associated with the use of
resources

In order to achieve absolute decoupling, resource efficiency must consider the entire life
cycle of resources (e.g. extraction, production of products and services, distribution, sales,
use and end-of-life phases). This can include diverse strategies such as sustainable
resource extraction (e.g. water abstraction, mining, fishing, forestry, etc.), increasing
agricultural yields without degrading ecosystems, applying ecodesign, substituting more
damaging resources with those that are less harmful to the environment, using the best
environmental technologies and practices, preventing waste, reducing demand through
better consumption and increasing recycling and reuse.

While there seems to be considerable scope for increasing resource efficiency, it is not clear
what the possible pathways are to absolute decoupling in the EU. To determine how the EU
can achieve absolute decoupling, the areas with greatest potential for improving resource
efficiency must be identified, and the manner in which they can be exploited must be
understood.

This report documents the work performed in Work Package 2 (WP2) of the EU funded FP7
project DYNAMIX. The objective of DYNAMIX is to identify policy mixes and pathways to
absolute decoupling of economic growth from resource use and its environmental impacts.
The identification of any meaningful policy mix towards absolute decoupling must therefore
build on an analysis of the drivers underlying existing patterns of resource use. Only then can
the policy mix be tailored to best tackle prevailing inefficiencies in relation to resource use
and to avoid, as much as possible, associated environmental impacts of resource use
(double decoupling, encompassing resource and impact decoupling).

2.3 Document structure

This report has six parts:
¢ Chapter 1 provides an introduction to DYNAMIX, decoupling and resource efficiency.

¢ Chapter 2 presents the objectives of this research and describes the methodology
behind the research.

e Chapter 3 presents the findings of inefficient resource use from a macro-economic
and global perspective.

¢ Chapter 4 investigates the drivers and underlying causes of inefficiency in general, as
well as from three specific sectoral views: food, transport and buildings.

¢ Chapter 5 presents the findings from the meta-analysis.
¢ Chapter 6 summarises the main findings in the context of the DYNAMIX project.

' For renewable resources, absolute decoupling is achieved when resource extraction does not

exceed a sustainable level, i.e. the level of extraction of resources is equal to or less than the rate of
resource regeneration.
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3 Methodology

3.1 Objectives of this study

The main aim of this study is to identify the main inefficiencies of resource use in the EU and
to investigate their drivers and underlying causes. The study was broken down into three
steps, each with its own objective:

1. To map efficient and inefficient uses of resources over their life cycle.
2. To determine the magnitude of inefficient resource use.
3. To analyse the main drivers and underlying reasons for inefficiency.

This study will serve as a basis for identifying key policy areas to focus on later in the
DYNAMIX research project and support the European Commission in the development of
policy mixes that will help achieve absolute decoupling. A thorough understanding of the
drivers and causes of inefficient resource use is fundamental when designing appropriate
and effective policy mixes.

3.2 Research approaches and analytical framework

The research in this study is based on a review of existing literature and data using
qualitative and quantitative methods. A broad search was conducted for relevant literature
and data on resource use in the EU, as well as resource use outside of the EU that is driven
by EU production and consumption. Initially all types of resources, economic sectors, and
products and services were considered, but after a first preliminary screening of literature,
two major perspectives emerged:

1. A resource perspective, with the main resource types being materials, energy,
water and land

2. A consumption and production perspective, with the main sectors being food,
transport and buildings

These perspectives were then used to categorise the identified literature and focus the
search for other relevant literature. The identified literature that did not specifically address
any of the main resource types or sectors was still considered in the study, but no further
search was performed to cover individual resources, sectors, products or services that were
not already included in the scope of the perspectives listed above.

Although there may be specific resources and sectors that might not be covered in this
analysis, in the context of EU economy-wide decoupling of resource use and environmental
impacts, all major areas of resource use are accounted for (EEA 2013a)(SERI 2009). In both
perspectives of resource use a life cycle approach is applied (Figure 7). In the resource
perspective, resources are tracked from the transformation of their natural state to raw inputs
to the economy, their ‘flow’ through or ‘use’ in economic sectors and finally as outputs of the
economy, as waste and emissions to the natural environment. The consumption and
production perspective considers the life cycle of products and services and their flow
through the economy, including resource inputs and outputs and environmental impacts at
each stage.
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Figure 7 lllustration of the two life cycle perspectives used to analyse resource use in
this study
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Both perspectives of resource use are overlapping and complementary. They both allow for
the identification of the main uses of resources in relation to specific (economic) activities.
This can then be used to determine the associated environmental impacts of resource use at
each stage in the life cycle. The amount of resources used and the associated environmental
impacts in relation to each economic activity provide a first indication of whether a resource
is used efficiently (or, at least, where an inefficient use of the resource is important to rectify).
Furthermore both these perspectives provide an analytical framework for identifying the main
actors at each stage of the life cycle and the drivers of inefficient use of resources. In
particular, the life cycle approach makes it clear that the drivers of inefficient resource use
may be found at other life cycle stages than where the resources are actually used. For
example, meat consumption drives the production of crops for feed, which in turn drive land,
water and fertiliser use.

Although not illustrated in Figure 7, the analysis of inefficient resource use and its drivers are
also seen in the context of global trade. Production and consumption in the EU may drive the
extraction and use of natural resources, as well as the associated environmental impacts
outside the EU. This aspect is also considered in the analysis.

Following the objectives of this research a two-step approach is applied for determining the
reasons for inefficient use of resources:

1. Identification and prioritisation of the main inefficiencies of resource use through the
literature review and existing data.

2. Analysis of the drivers of the main inefficiencies identified.

The following sections describe in greater detail what is meant by efficient / inefficient use of
resources and drivers.

3.2.1 Defining efficient and inefficient use of resources

There are many ways to define efficiency. From a physical or technical perspective,
efficiency is the relationship between inputs and outputs of a physical process or
transformation, e.g. the useful electric power, mechanical work or heat (output) in relation to
the input energy (OECD 2008). Efficiency could also be defined in terms of the minimisation
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of waste and/or losses. An efficient system is one that requires a minimum amount of
resources to provide a certain functional unit (i.e. the level of service or benefit that is
provided — typically in the form of products and services), e.g. a nutritious and healthy diet for
one person for one year, transport of a person over 100 km, or a 50 m? living space.

The terms ‘resource efficiency’ and ‘resource productivity’ are often used interchangeably?.
However, in economics there is a difference between the concepts of efficiency and
productivity. Efficiency is a measure of optimality (i.e. how close a system is to its optimum
state, or a particular system variable to its optimal value); while productivity is a measure of
the relationship between a particular output and a particular input such as labour, materials,
energy, etc. Productivity, or its inverse intensity, are only meaningful as comparative
measures — i.e. comparing one firm / sector / country with another, or one time period with
another (trends over time). It is, for example, not meaningful to talk about a sector being
productive in absolute terms. In contrast, it is meaningful to say whether it is efficient or not,
but it is difficult to determine what is the optimal efficient state.

While there are clearly links between changes in efficiency and changes in productivity, one
does not necessarily imply the other. For example, an efficient level of resource use does not
necessarily mean that resource use is minimized, and, conversely, the minimum technically
possible level of resource use is unlikely to be economically efficient. Furthermore reductions
in resource use that improve resource efficiency (i.e. move resource use closer to its optimal
value) may not necessarily improve resource productivity (e.g. if they also lead to a reduction
in output).

From a sustainability point of view, the World Business Council on Sustainable Development
(WBCSD) defined eco-efficiency as “the delivery of competitively priced goods and services
that satisfy human needs and bring quality of life, while progressively reducing ecological
impact and resource intensity throughout the life cycle, to a level at least in line with the
Earth’s estimated carrying capacity” (WBCSD 2000). Building on this, the European
Commission in its communication “Thematic Strategy on the Sustainable Use of Natural
Resources” (EC 2005) made it clear that resource efficiency meant both reducing the
environmental impact of resource use and at the same time improving resource productivity,
i.e. the value added per unit of resource input, overall across the economy. For renewable
resources this meant also staying below the threshold of overexploitation.

It is difficult to say how much of the current rates of resource extraction could be seen as
inefficient. One way of attempting to define how much of current resource use is inefficient is
by asking to what extent it is possible to reduce current resource use and environmental
impacts without compromising economic development and well-being of current and future
generations all around the world®. Based on the principles of the Natural Step (Robért 2002),
one could say that it is inefficient to:

2 From a business management point of view, efficiency is generally understood as the ratio of the
time needed to perform a task, e.g. the number of units produced per hour. A distinction is made in the
management literature between efficiency and effectiveness: efficiency is often defined as “doing
things right”, while effectiveness is “doing the right things”. While efficiency relates outputs to inputs,
effectiveness relates the outcomes with set objectives.

% Similar to the definition: "Sustainable development is development that meets the needs of the

present without compromising the ability of future generations to meet their own needs.” (UN World
Commission on Environment and Development 1987)
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e Extract renewable resources at a faster rate than the regenerative capacities of
ecosystems.

* Lose or waste any non-renewable resources or toxic substances.

¢ Generate emissions at a faster rate than ecosystem services can manage without
degrading their capability.

In this perspective, the capability of ecosystems to provide resources and ecosystem
services should be included in the understanding of resource efficiency;

Figure 8 Resource efficiency relates to different perspectives of the relationship
between inputs and outputs
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As presented, there are many definitions and dimensions of efficiency (Figure 8). Resource
efficiency depends on the perspective taken. For example, the packaging of bottled water
can be seen as resource efficient if it uses a minimum of resources and causes a minimum
of environmental impacts to adequately transport and protect the mineral water. But from a
perspective of providing clean drinkable water, a public water supply system may be a more
efficient use of resources as it does away with the bottle and packaging.

In this research, improvements in resource efficiency are understood to encompass:
® reductions in the amount of resources needed in an economy; and/or,
* increases of the economic value of the resources used in the economy; and/or,
* reductions in the environmental impacts of resource use; and,
e ultimately leads to absolute decoupling.

One can only identify inefficient use of resources when comparing resource use to a known
technically feasible and socially acceptable approach that is more resource efficient. The
scope for increasing resource efficiency is therefore relative in relation to the feasibility of
existing technologies and what is considered socially acceptable. Policy can encourage
resource efficiency directly by increasing the uptake of existing technologies, or by changing
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paradigms for what is socially acceptable. Included in this perspective is also the scope for
‘resource sufficiency’, i.e. influencing consumers to only consume a quantity of a resource
that is just necessary and sufficient for optimal health, well-being and happiness (Boulanger
2010).

3.2.2 Drivers of inefficient use of resources

Understanding the fundamental factors that lead to inefficient use of resources is essential to
the identification of interventions and strategies for reducing resource use and environmental
impacts. The extent to which resources are used efficiently (or inefficiently) depends on a
multitude of complex interacting factors and causes. In this research it is assumed that it is
possible to identify various cause and effect principles that determine how efficiently or
inefficiently a resource is used. Inspired by the environmental indicator DPSIR framework®
developed by the European Environment Agency (EEA 2003), this research sets out to
determine what are the main drivers of inefficient resource use.

A driver is any natural or human-induced factor that directly or indirectly influences the
efficient (or inefficient) use of resources (Millennium Ecosystem Assessment 2005). A driver
can either help improve resource efficiency performance or actually be an obstacle for
improvement. It can have various degrees of impact or strength. Direct drivers affect the
efficient (or inefficient) use of resources in a direct causal way. Indirect drivers affect the
efficient (or inefficient) use of resources indirectly through direct drivers. While causality
between direct drivers and resource use is clear, it is not always possible to determine the
causality between indirect drivers and resource use. Each driver of inefficiency resource use
may have multiple causes or explanations for why the resource is not used more efficiently.

For example, the direct drivers of the low uptake of energy efficient appliances could be low
awareness of the saving potential among consumers, lack of information to identify the most
energy efficient products, lack of availability of energy efficient products on the market, low
energy costs and higher investment costs / sales prices of energy efficient equipment.
Indirect drivers could be lack of education and awareness of environmental issues and
actions, no clear labelling or mandatory energy performance information of products,
manufacturers who do not have the skills or see the market potential of producing energy
efficient products, energy subsidies and higher prices of energy efficient equipment on the
market.

It is not always straightforward to identify or assess drivers of inefficiency as they affect the
use of resources on different spatial and temporal scales. Using the same example as
above, energy costs may depend on the national or global context, while inappropriate
consumer behaviour patterns may only be relevant for some consumer groups. Some drivers
have greater ‘inertia’ than others, meaning that they do not change much and continue
influencing inefficient resource use over the long term, while other drivers change more

* DPSIR stands for Drivers-Pressures-State-Impact-Response. The framework is useful in describing
the relationships between the use of natural resources and its impacts on the natural environment. It
starts by identifying the key drivers of resource use (e.g. economic growth, technological changes,
etc.); the type of pressures exerted on the natural resources and the natural environment throughout
its life cycle stages (e.g. energy or water consumption in extraction, production, use, etc.); the state
of the ecosystem providing or sustaining the resource (e.g. depletion, degradation, etc.); the actual
or expected impact of these pressures on stocks of natural resources and the natural environment
(e.g. climate change, loss of biodiversity, etc.); and finally the policy actions (e.g. energy efficiency
standards, recycling targets) that are the responses to the challenges.
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rapidly, e.g. energy efficiency of computers, which seems to develop faster than other
products. Finally, drivers may affect inefficient resource use across the life cycle of products
and services. An example of this is high meat consumption in the EU driving land use
change in other countries which leads to deforestation.

While the interactions between the multitude of direct and indirect drivers is complex, this
research tries to identify the most influential drivers of inefficient resource use and explain
their main underlying reasons. Given the scope of the project, and for pragmatic reasons,
this will result in a presentation of only a limited set of drivers for each main inefficiency
identified, as well as simplified descriptions.

3.2.3 Research strategy

Three different research strategies were applied to perform the research in this study:
¢ (Qualitative analysis of relevant literature
¢ Quantitative analysis of resource use
* Meta-analysis of the drivers of inefficient resource use

The three approaches were conducted in parallel and were treated as complementary in
analysing the inefficiencies of resource use and their drivers.

The literature review revealed many different dimensions of efficient and inefficient use of
resources. When existing data or quantitative evidence was found, this was subject to a
quantitative analysis to demonstrate the magnitude and relative extent of inefficiency. The
quantitative analysis provided an overview of current resource use, which helped uncover
areas where significant inefficiencies such as waste and losses in the life cycle of resources
occur. Using these findings as a starting point, existing literature was consulted during the
qualitative analysis in order to better understand the drivers behind the identified
inefficiencies.

The literature review also revealed findings and evidence of inefficiencies that were not
easily quantified or for which data was unavailable. The findings and evidence were
summarised and categorised in an attempt to figure out how they fit with the overall findings
of inefficient resource use. This was done in a traditional qualitative manner, as well as via a
more structured quantitative analysis by means of a meta-analysis.

The following sections describe in more detail the methodological approach of each of the
research strategies.

3.3 Literature review

The literature review aimed to identify, interpret and summarise the most recent literature
currently available on resource efficiency and examples of inefficient use of resources. The
literature was classified according to resource type and economic sector. The evidence and
findings of inefficient resource use and drivers were compared and structured in an attempt
to create a comprehensive picture of the most significant examples of inefficient resource
use and drivers.
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3.3.1 Literature search strategy

The search strategy for literature was developed by identifying relevant data sources, time
frame and key words. The sources of literature were academic (peer-reviewed) journal
papers, conference papers, theses and books, as well as reports and other forms of
publications from the so-called ‘grey literature’. A large majority of the grey literature was
from governmental organisations such as UNEP, the European Commission, the European
Environment Agency and national agencies - either produced by the organisations
themselves or commissioned work. Some of the grey literature also originated from business
associations and NGOs (also either produced by the organisations themselves or
commissioned work). In all cases, the evidence and findings of the literature were scrutinised
for reliability and validity. The literature review covers published work from the year 2000.
Occasionally, if any older literature was found relevant to the study, this was also included in
the literature review.

Academic literature was identified through various search criteria in the Web of Science
(Thomson Reuters) and Science Direct (Elsevier) online databases and complemented with
a search using Google Scholar.

The following combination of key words was used in the database research:
* (“resource” OR “material” OR “energy” OR “water” OR “land”) AND
e (“efficiency” OR “productivity”)

In each case the search results were scanned to check for their relevance. If the search
results were not found to be relevant or resulted in a large number of results, the search was
refined to focus specifically on the policy dimension by using the following key words:

¢ (“policy” OR “behaviour” OR “consumption”)
e (“driver” OR “cause” OR “reason” OR “case study”)

For the grey literature, a web search was conducted using Google applying the same
approach as above.

3.4 Quantitative analysis

In this study an MFA-based approach is used for the quantitative analysis. The approach
follows the general principles of Material Flow Analysis (MFA) (Bringezu and Moriguchi,
2002) and Substance Flow Analysis (SFA) (Van der Voet, 2002) (Brunner and Rechberger,
2003). The principles of MFA and SFA are the same and can be applied to materials and
substances, including water. Material flow analysis is used for various purposes, for instance
to estimate the loss of materials and the environmental impacts related to processes of the
studied materials life cycle. It is also used to track the fate of materials by applying the mass
conservation principle (Yellishetty, Ranjith and Tharumarajah 2010).

An MFA provides a systemic analysis of processes and flows in support of strategies and
policies as management measures. With regards to policy, MFAs have in recent years been
used to, for example:

e Support policy debate on resource and efficiency goals and targets
* Provide economy-wide material flow accounts for official statistics

¢ (Create indicators for sustainability
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In MFA, a process is defined as the transformation, transport, or storage of materials.
Transformation processes take place in primary production processes, such as in the mining
and metal industry, where metals are extracted from mineral ores. Consumption processes,
such as private households, transform goods into wastes and emissions. Transformation
processes are not restricted to anthropogenic processes and could also be relevant for
natural systems, e.g. when forests transform carbon into biomass and oxygen.

Another important term in MFA is transportation processes, in which the materials or goods
are not transformed, but rather relocated over a certain distance. Both transformation and
transport processes are usually symbolised by rectangular boxes. The processes are defined
as “black box” processes, which mean that the processes within the box are not taken into
account, only the inputs and the outputs are of interest. There is also a third type of process,
the stock of materials, describing the quantity of materials within a process. Both the quantity
of the stock and the rate of change of the stock per unit time are important parameters for
describing a process. Examples of storage processes are households storing goods like
electronic appliances or materials stored in buildings. A “final sink” is a process where
materials have very long residence times, usually over 1000 years.

In MFA the terms flow and flux are commonly used, sometimes inconsistently. A flow is
defined as a mass flow rate, given in units, e.g. tonne per year. A flux, on the other hand, is
defined as a flow per cross section. Taking a water pipe as an example the flux might be
given in units of kilo per second and m®. According to (Chen and Graedel 2012), it is
important to observe the conservation of mass at each stage of the system, i.e. the input
flows should equal the output flows. Failure to achieve conservation of mass indicate that a
deficiency exists in the description of the cycle or in the quantification. Many MFA studies do
not succeed in fully respecting the conservation of mass, but can in any case contribute to
valuable insights about the system studied.

A material flow analysis is usually either static or dynamic. In the static case a “snapshot” of
flows in a certain time is studied, unlike the dynamic case, where changes over time are
considered. It is often more difficult to perform dynamic MFAs than static ones. In this study,
in-depth flow analysis was performed for four types of resources:

* |ron and steel
e (Cobalt
* Phosphorus

e \Water

3.5 Meta-analysis

While the qualitative analysis of the literature review provides a narrative of and supporting
context to the arguments that have been used in the on-going discourse on the reasons and
means to address resource use inefficiency, the quantitative meta-analysis tries to compare
and, as much as possible, combine the available quantitative evidence to gain a better
understanding of the relationships between different resource use patterns, their underlying
drivers, and their effects on resource efficiency.

Page 18 | Methodology



DYNAMIX Reasons for inefficiency

3.5.1 Quantitative meta-analysis and caveats for application

Despite being a well developed and widely practiced method in the statistical sciences, the
application of meta-analysis to resource policy questions has yet to mature. A quantitative
meta-analysis is described by Egger et al. (1997, p. 1553) as:

‘[...] a statistical procedure that integrates the results of several independent studies
considered to be “combinable.” Well conducted meta-analyses allow a more objective
appraisal of the evidence than traditional narrative reviews, provide a more precise
estimate of a treatment effect, and may explain heterogeneity between the results of
individual studies. Ill conducted meta-analyses, on the other hand, may be biased
owing to exclusion of relevant studies or inclusion of inadequate studies. Misleading
analyses can generally be avoided if a few basic principles are observed.”

When conducting a meta-analysis the analyst has to carefully and in full transparency
develop the protocol for identifying and selecting the studies, assessing the heterogeneity of
results and analysing the data. Study selection can become biased by three main bias types:
publication bias (i.e., the tendency of scientific journals to publish positive findings over
inconclusive findings), search bias in the identification phase (i.e., missing relevant
publications due to choice of database and/or search phrases), and selection bias in the
selection phase (i.e., exclusion of legitimate studies). There exist tools, including graphical
techniques, to assess the presence of these types of bias.

Heterogeneity in the context of meta-analysis is used to describe the degree of dissimilarity
in the results across the individual studies. These differences might be due to variations in
study design, but in some cases the reasons are not so easily discernible. As a general rule
of thumb, the greater the heterogeneity of the studies’ findings, the less defensible it
becomes to integrate/combine them into a single estimate. A meta-analysis that adheres to
common quality standards can provide valuable as well as additional information for
researchers and policy-makers. Conducted poorly, however, meta-analyses can be
misleading or misinterpreted. As over the past years and decades environmental policy has
become more data-driven and statistical methods are now routinely applied even to complex
problems, this evolution has also led to the further development and adaptation of data
analytical methods to the types of problems encountered in the environmental policy arena
(e.g., the combination of quantitative and qualitative methods to study social impacts of
environmental degradation). Nelson and Kennedy (2009) have conducted a critical review of
the usage of meta-analysis in the field of environmental economics and social science,
highlighting that: “Implicit in any meta-analysis is the assumption that the primary studies are
similar enough that they can be usefully combined or analyzed.” (p. 359)

In the context of the DYNAMIX project, the quantitative meta-analysis envisioned aims to
review and combine the available literature for the purpose of identifying the drivers of
resource use inefficiency — primarily in Europe, but also globally if relevant aspects would
transfer to the European context. To arrive at a quantitative meta-analysis it was necessary
to screen for articles dealing with one of more of the resources selected for this study and
examine what societal, individual and economy processes influence their extraction, use, and
after-use management, and how they can be made more efficient. In the majority of studies
identified, the analysis does not yet include a rigorous quantitative treatment of the driver-
resource use efficiency nexus. The following meta-analysis, therefore, has a number of
limitations. First, typically applied statistical tools to aggregate individual effect estimates falil
because most of the identified and selected studies do not provide such estimates. In
addition, the scope of the articles with respect to the choice and definition of resources varies
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widely from specific compounds, such as in phosphorus fertilizer and CO, as a greenhouse
gas, to broad examination of anthropogenic land use efficiency for economic production,
living and waste absorption purposes. The question of sample size is also challenging to
answer in a meta-analysis of the drivers of resource use efficiency. Often, the sample is a
single geographic area selected on the basis of political or topographic, physical or
hydrological boundaries (e.g., a city, country or watershed), which cannot be aggregated or
compared with other such areas. The description of the sample population therefore leads to
nearly unanimous individual cases, which have little in common and therefore do not lend
themselves to “pooling”. Lastly, the drivers identified from the selected studies are not always
rigorously defined. For example, policy and legal frameworks are not always explained
further, and in some cases, the drivers are so inherently context-dependent that other studies
focusing on the same driver could not be found.

The following sections explain how we addressed these limitations to arrive at meaningful,
aggregated results regarding the types and directions of drivers of resource use efficiency.

3.5.2 Development of a multi-tier conceptual map

The first analytical step consisted of developing a multi-tier conceptual map of the key drivers
that are considered to affect the efficiency of resource use. A conceptual map is a multi-level,
hierarchical display that is generally used to structure the relationships that exist between
different concepts. In the present context, the conceptual map was applied to structure and
organize the key drivers of resource use efficiency (including drivers for both efficient and
inefficient resource use). The hierarchical structure of the conceptual map depicts the cause-
and-effect chains at different levels of detail. Furthermore, it helps structure existing
relationships between different drivers.

An initial conceptual map was developed based on a review of the two reference reports
UNEP (2011a) and McKinsey Global Institute (2011) that represent extensive reviews and
amalgamations of the existing knowledge base on resource use.

Figure 9 Conceptual map of high-level (Tier 1) drivers for inefficiency
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Figure 9 shows the high-level drivers we have identified. We refer to them as Tier 1 drivers.
They are interdependent aggregates or abstracts of more narrowly defined drivers affecting
the efficiency of resource use. While (1) behavioural and informational and (2) institutional
and organizational drivers link to characteristics (e.g., mental models, knowledge) of and
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relations (e.g., governance modes, discourses) between the different resource policy actors
(such as policy-makers, civil society organizations, industry and business and academia),
policy and regulatory drivers span factors which relate to political decisions and legal
frameworks. Socio-economic and bio-physical drivers encompass socio-economic factors
(such as population growth and density, economic performance, global trade patterns and
resource prices) and bio-physical factors (such as climate, resource endowments, available
land area), while technological and infrastructural drivers relate to technological factors
having an influence on resource use efficiency (available technologies and associated
infrastructure, resource requirements for certain technologies). Annex A provides a list of the
Tier 2 and 3 drivers of the Tier 1 categories.

3.5.3 Search and selection of relevant articles

The second step of the analytical framework encompasses searching for and selecting
relevant case studies for the meta-analysis. A literature search was performed using
ScienceDirect (http://www.sciencedirect.com/) and Google Scholar
(http://scholar.google.com/). This procedure returned 220 different articles. A four-stage
selection procedure was applied to identify and select relevant articles. This finally led to a
total of 34 articles for further analysis. For more detail on the search and selection process
see Annex A.

3.5.4 Coding of articles

For coding of the selected articles, a coding scheme was developed and tested by three
scientists independently coding the same two articles. After exchange between the three
scientists the coding scheme was refined and finalised for use for the remaining articles (see
Annex A).

The coding scheme helped ensure that all relevant findings were considered. The level of
driver was also taken into consideration by looking at its context-specific or overarching
nature (e.g. a driver for increasing the efficiency of the use of bottled water will be very
different from a driver explaining the efficiency of the use of drinking water, which could do
away with bottled water altogether).

While the articles were generally coded by different scientists, a total of three articles were,
at varying intervals, exchanged for joint coding to test intercoder reliability. Upon finalisation
of the codings, a joint discussion on the main findings in terms of key drivers was held.
During the discussion, six of the 34 articles coded were found to not yield relevant
information — these were excluded from further analyses.

3.5.5 Characterisation of the key findings of each article in a comparable
matrix

In the last analytical step, the remaining 28 articles were revisited and a questionnaire was
developed to quantitatively summarise the key findings per article in a comparable matrix:
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Table 1 Questionnaire matrix applied to the selected articles

Article identifier Coding variables

Driver -

Direction =

Effect Type -

Resource =

Sector -

Tier 1 driver: Highest level driver category (Tier 1), to which Tier 2
and Tier 3 drivers are allocated

Tier 2 driver: Higher level driver category (Tier 2), to which Tier 3
driver is allocated

Tier 3 driver: Name of Tier 3 driver found

Positive

Negative
Undetermined
Direct Effect
Undetermined Effect
Differential Effect
Conjoint Effect
Moderator Effect
Mediator Effect

Energy
Materials/Waste
Water
Land/Soil

Air

N/A

Energy
Food
Transport
Buildings
N/A

Explanation textual explanation of driver

NA_Comment comment on any NA chosen

The characteristics have been coded as nominal variables with value domains as described
in Table 1. The questionnaire was then filled in for all 28 articles, listing the relevant drivers
identified from each of the coded articles, their direction in relation to increasing or hindering
efficient resource use, the effect type identified, as well as the resource and sectoral focus of
each article analysed. In order to facilitate completion of the questionnaire and subsequent
analysis, a textual explanation of the driver was provided and a comment given in case of
selecting any ‘not applicable’ (NA) entry in the questionnaire.
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4 Global and macro-economic perspectives of

resource efficiency

This chapter provides an overview of the use of the main types of resources at a global and
EU level. Based on the literature review and analysis of resource flows, the main areas of
inefficiency are highlighted. By analysing how resources are used, e.g. tracking the flows of
resources, waste and environmental emissions, or considering what purposes they are used
for, e.g. to provide food, feed or fuel, it is possible to determine whether resources could be
used more efficiently. To the extent that data is available, the share of global resource use
due to EU demand is also presented.

The chapter is structured by type of resource: materials, energy, water, land and ecosystem
services. The analysis is often constrained by the indicator used to measure resource use
and the data available. For example the indicator to measure material use is based on
weight, so the materials that weigh the most are most apparent. Important materials for the
economy which are used in small quantities, such as rare earths and plants for
pharmaceutical purposes, are not distinguished, when total material use is discussed or
quantified.

The uses of resources (and the indicators to measure resource use) are interlinked. For
example, material use includes materials such as fossil fuels, uranium and wood fuel, which
are used for energy production. Under each section, if there is data available, an overview of
some of the outputs of resource use, such as waste, wastewater and environmental impacts,
are also presented.

4.1 Materials

Global material extraction has increased, but so has economic development. The main
drivers of material extraction are population growth and affluence (UNEP 2011a). While it is
clear that material consumption would increase to satisfy the basic needs of more people,
economic growth in itself has led to greater affluence and higher consumption per person.
Gross Domestic Product (GDP) has grown more than material consumption/extraction due to
improvements in extraction and production processes, as well as changes in the composition
of global extraction (OECD 2011).

According to data used by Krausmann et al. (2009), around 68 billion metric tonnes of
materials were extracted globally in 2009, including unused and used extraction (Figure 10).
This represents a doubling in material extraction over the past 30 years. At the same time,
GDP has more than doubled, from below 20 to approximately 50 trillion dollars. Thus,
resource use grew at a slower rate than economic activity, implying relative decoupling.
However, as total material use continues to grow and associated environmental impacts
often remain unresolved, relative decoupling will not be sufficient to avoid irreversible
damage to the planet’s natural environment and jeopardise its very ability to provide the
resources and the ecosystem services that we are so dependent upon.
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Figure 10 Global extraction of material resources
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Despite the increases in material productivity, the literature review revealed that it is possible
to use resources much more efficiently. The following are the main inefficiencies related to
material resource use:

When it comes to biomass extraction, agriculture is the most important activity. The
majority of biomass in agriculture is used for food and animal feed (including grazing),
but significant quantities of agricultural crops are also used to produce biofuel and
fibres. Forestry is another important activity involving the harvesting of wood for wood
products (e.g. construction materials, furniture and packaging), paper and pulp
products and bioenergy. Finally, fishing and hunting also consume natural biomass
resources.

e}

Meat production: Food production and consumption is resource intensive
(BIO Intelligence Service 2012a). This is particularly true for the production of
meat (Weidema, et al. 2008). As a means to provide protein, meat production
is inefficient compared to protein from plant sources. Fish reared by
aquaculture require 1.5 — 2 kg of feed to produce 1 kg of fish product,
chickens require about 2-3 kg of feed to produce 1 kg of meat, whereas cattle
can require up to 16 kg of feed to produce 1 kg of beef (Gold 2004). In the EU
on average 1 kg of feed produces 30 grams of meat and 270 grams of milk
(Westhoek, et al. 2011). Besides providing health benefits (Gold 2004), a
reduction in meat consumption would lead to a significant decrease in
biomass extraction, as about one third of global cropland is used for the
production of feed (Wirsenius, Azar and Berndes 2010).

Food waste: Global food losses and waste are estimated at roughly
30%percent for cereals; 40-50% for root crops, fruits and vegetables; 20
percent for oil seeds; and 30%for fish (Gustavsson, et al. 2011). In the EU,
about 89 Mt of food waste is generated each year across the food chain (BIO
Intelligence Service 2010a). The largest fraction of food waste is generated by
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private households in the EU — about 76 kg of food waste per person each
year. About two thirds of this is thought to be avoidable (WRAP 2009).

o Overconsumption: Based on the number of overweight and obese people, it
seems that overconsumption in the form of excessive food energy intake is
prevalent. Over 20% of the world population is either overweight or obese
(Moomaw, et al. 2012). In the EU, 30-70% of adults are overweight and 10-
30% are considered obese (DG for Health & Consumers 2010).

o Depletion of fish stocks: Over 80% of fish populations are either fully fished
(57% of stocks) or overfished (30% of stocks) (FAO 2012). Overfishing
reduces the productivity of fish stocks and reduces the capacity of the oceans
to provide for the future (Crilly and Esteban 2012).

* Fossil fuels are predominantly used to produce energy, e.g. electricity, heating and
transport fuel. A small amount of fossil materials go towards non-energy uses, i.e.
plastics and chemicals.

o As fossil fuels are a finite resource and the greatest contributor to climate
change, burning fossil fuels is generally not considered to be an
environmentally efficient use (MacKay 2008). It is technically possible to
phase out the use of fossil fuels for energy purposes and substitute them with
renewable energy sources in a sustainable way (Greenpeace and EREC
2010)(WWF, Ecofys and OMA 2011). Even though this would increase
biomass extraction, it has the potential to reduce overall environmental
impacts. The inefficiency of fossil fuels is also discussed in the next section on
energy.

o While it might not be possible to substitute the use of fossil fuel for plastics
and chemicals (GUA 2005), there is considerable scope to both reduce the
consumption of plastics and chemicals as well as use alternative feedstocks
(BIO IS, AEA and IEEP 2011).

* The majority of metal ores extracted and used are iron ores to produce iron and steel
products (see Box 1 for more about iron and steel flows). Copper and bauxite (to
produce aluminium) are the next largest group of metals used in the economy. Other
metals are used in much smaller quantities, but some of them are extremely valuable
(e.g. gold, platinum, etc.) or important for certain types of products (e.g. lithium, rare
earths, etc.). Metals are used in a variety of products, such as vehicles, construction
materials, industrial equipment, appliances and packaging.

o Metals are inherently recyclable (UNEP 2011b). Therefore, it may be
possible to reduce waste of metals significantly. In general, fewer resources
are used to recycle metals than to extract them. Recycling rates vary
considerably. Some metals such as lead, aluminium and iron and steel are
commonly recycled, but they all still have significant potential for improved
recycling. The majority of metals have recycling rates of below 50% (or are
simply not recycled at all).

o According to Allwood and Cullen (2012), it would technically be possible to
reduce global metal production by 30% without loss of final service through
better design. McKinsey (2011) estimates that steel demand in 2030 could
be reduced by 13% even when taking into consideration the increased global
demand for steel for products, transport, buildings and infrastructure.

Metal ores are a finite resource, but, as they are elements, the greater issue with the use of
metals is resource dispersion rather than resource depletion. The main concern related to
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metal extraction is the scarcity and supply security of some types of metals (DG
Enterprise and Industry 2010).

o Box 2 provides the example of cobalt, which has been identified as a critical
raw material.

* Most minerals extracted are used as construction materials (e.g. sand, gravel,
marble, granite, etc.). Compared to the total amount of minerals extracted, a small
amount of minerals have dedicated uses, such as quartz for the optical industry,
feldspar for glass and ceramic manufacture, precious and semi-precious stones,
phosphorus for fertilisers and salt for human consumption, use in the chemical
industry and for salting icy roads.

o While substantial quantities of construction materials are needed for efficient
buildings and infrastructure (both new construction, and repair and
maintenance), there is significant potential for using fewer mineral
construction materials (Wuppertal Institute 2010). Reductions in construction
mineral use could be achieved through optimised construction standards,
better design and production techniques; for example, Allwood and Cullen
(2012) mention that up to 40% less cement would be needed as a result of
such approaches. Other studies suggest that modular homes can reduce
waste by 70 to 90% through better material management, and houses can be
made using on average 10% less material tonnage (WRAP 2007)(BRE
2009)(Barrett et Wiedmann 2004)(Bringezu and Bleischwitz 2009).

o Low density housing and buildings represent an inefficient use of
construction materials, as well as also land and energy use (UNEP 2012).

o ltis often cheaper to demolish an existing building and construct a new one
in its place than to renovate it. Approximately two thirds of the material used
during the construction and use phases could be saved when converting an
existing building to new uses (Eco-Innovation Obervatory 2011).

o There also seems to be substantial potential to increase recycling of
construction and demolition waste. At present less than 50% of
construction minerals are recycled (BIO IS, Arcadis and IEEP 2011), while
certain Member States in the EU have shown that this rate could be as high
as 90% (ETC/SCP 2011). Furthermore, while most recycled construction
materials tend to be downcycled, i.e. used as lower grade materials that do
not replace the use of virgin materials, there is great potential to also increase
reuse and high quality recycling of building materials (US EPA 2009).

Less than 20% of the phosphorus extracted is actually taken up by crops and finally
consumed by humans (Smit, et al. 2009). Losses occur throughout the life cycle of
phosphorus use, but the main losses happen when phosphorus is applied as a fertiliser on
fields (D. Cordell 2010). Besides the loss of a finite resource, this causes severe
environmental impacts such as eutrophication (Schréder, Cordell, et al. 2010). For more on
flows of phosphorus see Box 3.

One of the first clues to identifying inefficient use of resources is by comparing the material
consumption of different countries. Although basic human needs such as food and shelter
are thought to be the same throughout the world (UN World Commission on Environment
and Development 1987), they manifest themselves materially in different ways. Two major
factors determine the per capita material consumption: development status and population
density (UNEP 2011a). Fully industrialised or developed countries have a higher material
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consumption than developing or emergent countries (see Figure 11), but it is not possible to
say which is more resource efficient. Densely populated areas tend to require fewer
resources per capita, particularly in terms of biomass, fossil fuels, and ores and industrial
minerals, but this is probably due to the fact that agricultural production and industrial
facilities are placed in sparsely populated areas.

Figure 11 Differences in material resource consumption per capita
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Even in developed countries, material productivity varies considerably. Material consumption
and productivity depend on the structure of the economy and the main sectors. For example,
countries with large trade and service sectors tend to have higher material productivity levels
than countries that have a large agriculture, manufacturing or construction sector (see Figure
12).

Figure 12 Changes in material resource productivity in EU Member States
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Across material resources on a product level, Scott et al. (2009) identified that the material
requirement of packaging, structural metal products, buildings, electrical products, household
goods such as furniture and transport vehicles could be reduced by 50% by 2050 by using
best practices — and possibly even 75% (i.e. using only 25% of materials compared to
products to day to deliver the same functionality. Furthermore Scott et al. (2009) also
estimated that it could be possible to reduce consumption of clothes, household appliances,
glassware, tableware, household utensils and equipment, vehicles, communication products,
photo and information processing equipment and cultural and recreational durables by 40%
by increasing the durability of products and extending their life spans.

Box 1 Iron and steel

Iron is the fourth most abundant element in the earth’s crust (Yellishetty, Ranjith and Tharumarajah
2010) and the second most abundant metal. The iron content in the crust ranges from 2-3% in
sedimentary rocks, to 8.5% in basalt and gabbro. Due to its relatively high availability, iron is in
comparison to many other elements of low value and a deposit must generally contain at least 25% of
iron to be considered economically recoverable. The most important use of iron is in steelmaking
where the iron is processed and the properties, such as strength, tension, ductability and resistance,
are optimized for different end-use sectors. Sectors where iron and steel are used the most include,
among others, construction, automotive, packaging, and electric and electronic appliances
((Yellishetty, Ranjith and Tharumarajah 2010).

The raw material market of iron and steel comprises hundreds of billions of dollars per year. It is the
second largest raw material market after oil. However, the extraction of iron ore and production of
steel do also have disadvantages imposing considerable environmental consequences and high
energy demand. The iron and steel industry, the mining of iron ore excluded, is responsible for over
10 percent of the global energy consumption and around 20% of the industrial waste emissions of the
manufacturing sector (Allwood and Cullen 2012). The wide use of iron and steel in modern society,
together with the industry’s significant environmental impact makes the flows of iron and steel
interesting to look into deeper. Iron and steel production involves a chain of complex processes and
sub-processes and Figure 13 shows the flows on a global scale.

Figure 13 Global flows and uses of iron and steel
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We have identified the following five main inefficiencies in the iron and steel processes:

* lron in tailings and residual flows as a result of iron ore production. Approximately 1.84
million tonnes of iron was landfilled or put into storages close to the mining site in year 2010.
Presumably, depending on the economic circumstances, the iron present in the old landfills
can be subject to mining activities in the future. This is already a reality at some sites.

* Iron present in blast oxygen furnace slag, secondary steel slag, and electric arc
furnace slag. Four million tonnes of slag from different steel processes was produced in year
2010. The slag is used in applications, such as in road construction, the iron content in the
slags does not add any important properties to the applications and could consequently be
regarded as unnecessary.

* Iron and steel in construction and demolition waste not subject to recycling. A large
amount of C&D waste is disposed in landfills.

* Iron and steel disposed in landfills. Data on iron and steel present in end-of-life waste
streams is limited but approximately 2.1 million tonnes was disposed on landfills.

* Low collections rates for WEEE. Current collection rates are in the majority of EU Member
States far below the amount of goods sold many years ago.

For more information about iron and steel, see Annex B.

Cobalt (Co) is a bluish-white, lustrous, hard and brittle metal. It has fairly low thermal and electrical
conductivity, is ferromagnetic and chemically very active. Cobalt and its compounds are considered
to be slightly toxic (British Environmental Agency 2011).

The extraction of cobalt has increased in recent years, partly driven by increasing demand from
emerging technologies such as batteries for electric vehicles and other electric devices. At the same
time, the discussion about resource supply and efficiency has increased in society, using
terminology such as footprints and planetary boundaries (Rockstrém, et al. 2009). Several political
incentives identify cobalt as a critical raw material for the future, both in Europe and worldwide.

The European Union names cobalt as one of 41 “critical raw materials” in a report from 2010,
identifying materials of economic and strategic importance for the union (European Commission
2010) . It has relatively large economic importance, but the supply risk is not very high because of
large resources and production capacity. The share of demand from emerging technologies in
relation to production was 21% in 2006 and estimated to 43% for 2030 given the current level of
production(European Commission 2010). Other economies have also identified cobalt as an
important metal for the future. In December 2010, the U.S. Department of Energy (DOE) outlined its
“Critical Materials Strategy”. Cobalt is one of 14 elements defined as a critical metal to enable clean
energy production over the next 5-15 years. The DOE sees cobalt as such a critical metal because
of its use in lithium ion batteries, and predicts that each electric-powered vehicle (PHEVs and EVs)
will demand 9.4 kg of cobalt. The rest of the list is dominated by rare-earth elements (Dove 2011).
All this justifies a closer look at the efficiency of current cobalt use in society.

Cobalt is a by-product of copper and nickel metallurgy and 89 000 tonnes of cobalt were mined in
2010.

Figure 14 shows the flow chart of cobalt for the EU-27. The turquoise arrows are losses from the
technological system.
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Figure 14 Flows and uses of cobalt in the EU
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We identified three main inefficiencies identified for cobalt:

¢ Beneficiation losses. Cobalt losses to tailings and slags can be roughly estimated to 9500
tonnes globally in 2010.

¢ Alloys in scrap aircraft. An aircraft engine can contain up to 1.5 metric tonnes of cobalt
and in 2010 over 1100 metric tonnes of cobalt were found in retired aircrafts without being
recycled.

¢ Automotive battery. The growing market for lithium ion batteries in electric vehicles
indicates that this sector will be increasingly important for an efficient use of cobalt in the
future. The current mandatory recycling rate of (only) 50% for automotive batteries in electric
vehicles entered into force in late 2011.

A possible way to decrease the inefficiencies is to recycle more of aircraft and automotive batteries.
In 2010, Aircraft Fleet Recycling Association (AFRA) treated around 150 aircrafts, recycling 70% of
their materials (mainly frames and engines). The recyclability goal for 2016 is set to 90% (by weight).
This goal is comparable to the regulated targets for vehicles, which are set to 85% reuse and
recycling and 95% reuse and recovery (by weight) for the year 2015. However, the industry
acceptance and participation in AFRA is promising, and will hopefully lead to a strong increase in
aircraft recycling for the future.

In Belgium, one of the large battery producers has established recycling plants to recover
rechargeable batteries, such as Li-lon and Li-Metal hydride from electric vehicles and other
applications, using a pyrometallurgical process (Umicore 2013). After dismantling, the EV batteries
are put through a smelter and granulated before going through a number of refining steps. The
metals, including cobalt, are then shipped to Asia, where they are transformed into battery chemicals
such as Ni(OH)2 and LiMeO2. Rare earths are treated separately, and slags are used as
construction material. Total recycling efficiency of the process is not reported.

For more information about the production and inefficiency for cobalt see Annex B.
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Box 3 Phosphorous

The use of phosphate rock as a fertilizer has since the end of the Second World War been the major
source of phosphorus, in magnitudes larger than manure, guano and human excreta together, see

Figure 15.

Figure 15 Historical global sources of phosphorus fertilizers
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Source: (Cordell, 2010, p. 86)

The reserves of phosphorus are diminishing at a rapid rate and Peak phosphorus is likely to occur
around 2035 (Cordell D 2009). The available phosphate rock reserves® for all countries but Morocco
have been reduced significantly over the last years. There are significant uncertainties in the statistics
on phosphorus resources, but among the top 20 countries listed in Jasinski (2012), which together
cover more than 99% of available phosphorus, no European countries are listed. In 2050, it is most
likely that all phosphate rock used in the EU will come from Morocco (D. Cordell 2010).

Globally the flows of phosphorus have been modelled by (D. Cordell 2010) as is redrawn in Figure 16.
Inefficiencies where phosphorus is lost in some way are marked in turquoise. There are other
inefficiencies which cannot be as clearly shown, excessive consumption of meat is one example.
Roughly 80% of the phosphorus from phosphate rock never reaches the fork but is lost in different
parts of the supply chain (Cordell D 2009) (Schréder, Cordell, et al. 2010).

Figure 16 Global phosphorus flows in 2000 [million tonnes]
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®> Note that it is phosphate rock reserves and not phosphorus reserves. Phosphorus content of
phosphate rock is about 13% in average.
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Richards and Dawson mapped phosphorus flows in EU-27 in 2008 (Richards and Dawson 2008) with
large uncertainties. Uncertainties are mainly due to two factors: mapping flows in a limited region has
the added complexity of imports and exports of products with embedded phosphorus, and the general
lack of phosphorus statistics for EU-27. Major flows are shown in Figure 178,

Figure 17 EU-27 Phosphorus flows [million tonnes]
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Inefficiencies of phosphorus occur both in the European Union and globally and it is important to
consider both the global and the EU P management practices since the EU is largely dependent on
import of phosphorus.

We identified four main inefficiencies of phosphorus:

e Meat and diets. Meat production represents 65-70% of all dietary phosphorus use while
providing a considerably lower part of the food consumed. If the global trend goes toward
western diets, the phosphorus use would increase by 50%, while a reduction is possible if
meat is substituted with other sources of protein.

¢ Eutrophication and field leakage. Lack of proper soil management with soil erosion and
resulting leakage of nutrients are a major cause for eutrophication. Globally one third of all
phosphorus put into soils is lost in this way

¢ Lack of manure and humanure (human excrements that is recycled for agricultural
purposes). Globally there is a lack of reuse of manure in agriculture and almost half of the
produced manure does not return to crop production, which in turn only provides one third of
the phosphorus put into arable soils. In the EU-27, manure provides about two thirds of the
phosphorus to soils which is higher but there is still potential for improvement. The reuse of
human excreta from waste water treatment plants and untreated sewage are almost negligible
both globally and within the EU.

¢ Detergents. Detergents represent 3% of the EU-27 phosphorus use and 6% globally. For
laundry detergents phosphorus is not needed and it has been banned for consumer use in
many countries. Bans on dishwasher detergents are less frequent but several brands offer
phosphate free products (Maskindiskmedel 2008)

In the food sector, there are different ways to reduce the use of phosphorus. For instance, by having a

® Note: Figures are taken from (Schréder, Cordell, et al. 2010) since (Richards and Dawson 2008)
was only available by regular post and did not arrive in time for this study.
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meat free day every week, the need of phosphors can be reduced up to 9%. Another way to reduce the
use of phosphorus is to decrease the food waste which has a reduction potential of 22%. A third way is
to have proper fertilizer management. It can increase the efficiency of applied phosphorus to soils and
would then decrease the P put into soils at 24 Mt globally and 3.3 Mt in the EU27.

Better integration of animal manure in crop production can substitute mined phosphorus and thus
reduce total inputs. This is especially true for the United States of America which stores manure in
lagoons, but according to Berg (2011). it would lead to reductions of up to 12% of phosphorus use in
the EU as well.

Using human excreta as a fertilizer was previously natural and common but is today principally not
done anywhere. Source separating toilets are however available and can deliver phosphorus rich urine
for fields. There is also technology available for producing Struvite in WWTP’s corresponding to 1.6%
of annual mined phosphorus (Shu, et al. 2006). With technological improvement this figure can of
course increase. Berg (2011) estimates a possible phosphorus reduction of 18% with efficient recycling
of human excreta.

The European Union has from July 2013 banned phosphorus in laundry detergents for household use
and preliminary banned phosphorus in dishwasher detergents for household use from 2017. Several
Western European countries (Austria, Belgium, Germany, Ireland, ltaly, Luxemburg, the Netherlands,
Sweden) have successfully implemented such legislation.

For more information about phosphorus see Annex B.

4.1.1 Waste

A clear sign of inefficiency is waste’. Over 12 billion tonnes (of the 68 billion tonnes of all
materials extracted globally and used in the economy) end up as waste (OECD 2011). In the
EU more than 30% of all resources used end up as solid waste — and this does not take into
consideration all the fossil and biofuels that end up as air emissions. From an economic point
of view, waste may not always be considered to be inefficient, but when considering the
environmental impacts and external costs associated, most forms of waste can be
considered inefficient (Ellen MacArthur Foundation 2012).

As production and consumption increase with economic growth, there is a risk of increased
waste as a result. For example, current data shows that municipal solid waste (MSW)
generation and composition varies widely across countries as a function of affluence and
economic development, and is generally greater in areas with higher levels of development
and urbanization (World Bank 2012). Based on current population and growth trends, the
World Bank predicts that global MSW generation levels will nearly double by 2025 (World
Bank 2012).

However, there is potential for reducing waste and its impacts despite economic growth. For
example, according to a 2011 study on waste prevention, average waste generation could
decrease between 12 to 62 kg per capita in 2020 and total waste generation could decrease
6 to 32 million tonnes compared to the baseline (ARCADIS 2011). The study also posits that
all production and end-of-life waste is preventable®. When it comes to industrial and
commercial waste, Scott et al. (2009) estimated that 10% of this kind of waste in the
economy is avoidable.

” Note that while waste streams may be considered inefficiencies under a general definition (e.g.
wasteful use of resources), they are not necessarily economically inefficient. In general, it is unlikely
to be economically efficient to eliminate all wastes.

® The study did not estimate what the costs would be to achieve this.
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If it is not possible to prevent waste, there are still ways to substantially increase resource
efficiency though preparing for reuse and refurbishing, recycling and energy recovery (e.g.
anaerobic digestion and incineration with co-generation of heat and power). The EU’'s Waste
Framework Directive and existing recycling, reuse and recovery targets demonstrate that the
potential for increasing the resource efficiency related to waste is high (BiPRO 2012). For
example, the EU has set reuse, recycling and/or recovery targets for a variety of waste
streams, including MSW, construction and demolition (C&D) waste, packaging waste,
WEEE, batteries and end-of-life vehicles. For MSW a minimum reuse and recycling target by
2015 has been set at 50%, while the target for C&D waste is at 70%.

Reducing waste would have a dual positive effect, by reducing resource demand and
decreasing negative environmental impacts, such as GHG emissions or pollution. Waste
prevention must be targeted by various actions throughout the life cycle phases, with the
greatest impact coming from prevention measures taken higher up in the material chain (e.g.
ecodesign) (ARCADIS 2011).

4.1.2 Environmental impacts of material consumption

The environmental impacts of material resources are very different depending on the type of
material and the environmental impact category considered (UNEP 2010). For example,
although minerals might represent more than half of the total EU consumption of materials
(measured in weight), they contribute to less than 5% of any of the environmental impact
categories. On the other hand, coal and animal products represent relatively high
environmental impacts in relation to the amounts consumed (see Figure 18).

* In terms of greenhouse gas (GHG) emissions, fossil fuels, animal products, crops,
metals and cement contribute most to global warming.

¢ Acidification is caused through the combustion of fuels (particularly those that contain
sulphur) and emissions of ammonia from fertilisers and livestock (EEA 2013a).

¢ Ground (photochemical) ozone formation or smog is predominantly caused by volatile
organic compounds (VOCs) from road vehicles and the use of organic solvents in
paint.

e Eutrophication is typically caused by excessive use of fertilisers (e.g. nitrogen and
phosphorus) in agriculture, but also from nitrogen oxides from combustion processes
(EEA 2010a).

¢ Plastic and metals contribute the most to toxicity, but the combustion of coal and oil
also lead to hazardous substances (UNEP 2010).

One strategy for improving eco-efficiency is by substituting materials with high environmental
impacts with materials that cause less harm to the environment, e.g. using bioenergy instead
of fossil fuels (UNEP 2009), vegetable protein instead of animal protein (Westhoek, et al.
2011) and biomaterials instead of metals and cement (Allwood and Cullen 2012). If it is not
possible to substitute materials, there is often still scope for improving the processes where
resources are used, e.g. more sustainable fishing practices (Crilly and Esteban 2012),
resource efficient production (Greenovate! Europe 2012) or reuse and recycling instead of
landfilling (Ellen MacArthur Foundation 2012).
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Figure 18 The total environmental impacts of different material resources in the EU

and Turkey

100%

10%

30%

20%

Source: (UNEP 2010)

Consumptionby  Global Warming
Potential

mass

Land Use
(ompetition

Human Toxicity ~ Environmentally
weighted Material
Consumption

I Plastics

" (oal (Heatingand
electricity in
housing)

Natural Gas (Heating
and electricity in
housing)

(rude Oil (Heating
and electricity in
housing)

® Biomass from
forestry (Wood,
paper and board)

® pnimal Products

{Animal protein and
fish)

™ [ron and Steel
5 Other Metals (Zing,

Lead, Nickel, Lead,
Copper, Aluminium)

" Minerals (Glass, Salt,
Concrete, Ceramics,
(lay, Sand and
Stone)

In terms of areas of production and consumption, the sectors that represent the largest
environmental pressures are food, transport and buildings (see Figure 19). The greatest
flows of materials in food are crops and animal products, but also significant amounts of
packaging (paper and board, plastic, glass, wood and metal). In transport, fossil fuels
represent the greatest use of resources, but large amounts of metals are also used to
produce vehicles. Buildings and infrastructure require large amounts of metals and
construction minerals, but also consume significant amounts of energy for heating and
electricity use.
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Figure 19 Three areas of consumption cause the majority of total environmental
pressures

™
an
o W 36 6
ap
24
W 47
1B %
24 %
Addifying emissions &
az
a8 a0
30
14 %
22
20
14
9
10 .
15 -
Tropospherdc ozone precursors
25%
20

Total Material Requirement

»
an
an % 3
7% =
a7
20
i 14
10
&
am 2% o ﬂ—*iliiﬁﬂli

B Food and kadging 01. Food and beverages
B Housing 11. Restaurants and hotels
E Mability 4. Housing, water, electricity, s,
[ Other product and services 07. Transport

02. Tabacca

03, Clathing and footwesr

05. Fumishings, equigment and m@ntenance of the hause
06. Hedlth

08, Communicatian

09, Recreation and culture

10. Education

12. Miscellaneous goads and servics

Mote: The results for BME look very similar to TMR and are not reproduced here.

Source: (EEA 2013a)

Page 36 | Global and macro-economic perspective




DYNAMIX Reasons for inefficiency

4.2 Energy

Energy is one of the world’s key resources, and faces high demand across a variety of
sectors. Energy demand is set to continue increasing to accompany economic growth. For
example, the IEA New Policies scenario predicts that global energy demand will increase by
over one-third by 2035, and the OECD estimates that it may almost double by 2050 (see
Figure 20).

In recent years, all major energy-consuming countries have introduced new legislation to
promote energy efficiency (IEA 2012a) and many countries are exploring the potential for a
shift towards cleaner and renewable energy sources. For instance, the EU has developed
the 20-20-20 targets (20% reduction of GHG emissions, 20% reduction of energy
consumption and 20% renewable energy by 2020) to transition towards an increasingly
energy-efficient and low carbon economy.

Figure 20 Global primary energy use: baseline, 1980-2050
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Source: (OECD 2012)

Nonetheless, inefficient energy use persists, particularly in certain heavily energy-
consumptive sectors, such as buildings (representing about 41% of total energy consumption
in the EU, between households and services), transport (about 32%) and industry (about
25%) (ADEME 2012). While the industry and buildings sectors consume a mix made mostly
of electricity, coal, natural gas, and biomass, the transportation sector is mainly fuelled by oil
products. Energy for transport will increase as the number of passenger cars doubles to 1.7
billion and demand for road freight rises quickly — especially because fuel-economy
standards for trucks are much less widely adopted than for personal cars (IEA 2012a).
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Figure 21 Primary energy production in the EU-27 by fuel (in Mtoe, left) and final
energy consumption by sector (in Mtoe, right) in the EU-27
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According to the World Bank, per-capita energy consumption varies widely by country, with
developing nations generally consuming less energy than developed nations. Variation exists
even across developed nations, as can be seen in Figure 22 below. There are several
factors influencing energy consumption across the EU countries, e.g. differences in industry
structure, or differences in climates and building standards affect energy use for heating.

Figure 22 Per capita gross inland consumption in 2009 in EU Member States (tonnes
of oil equivalent (toe) per capita)
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4.2.1 Energy efficiency potential

More than half of the electricity in the EU is produced by thermal power stations (Eurostat
2011). The average thermal efficiency of the power stations was 49.5% in 2009. There is
significant potential to increase efficiency as the most efficient power stations in the EU are
able to achieve thermal efficiencies over 80%. Besides electricity production, losses also
occur in transmission (between 1.0% and 2.6%) and distribution (between 2.3% and 11.8%)
networks (Ecofys 2013), but the greatest losses occur in transformers. The European
Commission’s Joint Research Centre estimated that as much as 40% of losses could be
reduced through optimization of the electricity transmission and distribution (JRC 2012).

For the three main energy consuming sectors, significant potential exists for energy savings
via greater efficiency. For example, the IEA’'s New Policies Scenario, which assumes a
certain level of implementation of national efficiency policies which have recently been
adopted or are under development, would result in annual improvements in energy intensity
of 1.8% over 2010-2035. A McKinsey analysis estimates that productivity improvement
opportunities could reduce the demand for global primary energy demand by 22% by 2030
(McKinsey Global Institute 2011).

According to the IEA, the key energy-consumptive sectors all have substantial unrealised
energy efficiency potential in a baseline scenario (IEA 2012a), which are illustrated in Figure
23. In particular, it is estimated that two-thirds of the economic potential to improve energy
efficiency remains untapped in the period to 2035. Buildings and transport are the two
sectors with the most important saving potentials on the consumption side. The potential
savings in the industry sectors are also linked to considerations of material efficiency in the
manufacturing processes.

Figure 23 Energy efficiency potential used by sector in an IEA scenario
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McKinsey’s analysis of resource productivity potential (McKinsey Global Institute 2011) is in
line with the fact that buildings and transport represent some of the main area of energy
consumption inefficiency, and identifies specific areas of savings potential within these two
sectors. The most important opportunities for global energy savings identified are: building
energy efficiency (696 US$ billion), urban densification (155 US $ billion), iron and steel
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energy efficiency (145 US §$ billion), transport efficiency (138 US $ billion), electric and hybrid
vehicles (138 US $ billion) and road freight shift (108 US $ billion)®.

In the EU, estimates of the potential for efficiency to reduce energy demand by 2050 are
about 30 — 40% (Greenpeace and EREC 2010). The most important energy saving options
are improved heat insulation and building design, super efficient equipment, replacement of
old style electrical heating systems by renewable heat production (such as solar collectors)
and a reduction in energy consumption by vehicles used for goods and passenger traffic.
These estimates are based on their feasibility without loss of comfort or level of service.

4.2.2 Renewable energy sources

Increased deployment of renewable energy sources, particularly in energy-intensive sectors,
can be a key contributor to more efficient energy use. In Europe, the Roadmap for moving to
a competitive low-carbon economy in 2050 (European Commission 2011) includes a
significant shift away from fossil fuels and towards renewable energy sources as an essential
component of its transition towards a low-carbon economy. Opinions differ, however, on the
potential share of renewables in the energy mix. On the more ambitious end, Greenpeace
and the European Renewable Energy Council (2010) suggest a scenario in which, by 2050,
97% of EU-27 electricity generation and 92% of its final energy demand are covered by
renewable sources. The Impact Assessment to the Roadmap for moving to a competitive
low-carbon economy in 2050 (European Commission 2011) notes, however, that business
associations tend to set less ambitious targets for final energy consumption, and when it
comes to electricity generation, the European Climate Foundation found that an 80%
renewable share by 2050 would be feasible without significantly increasing prices.

Increasing the share of renewable energy sources in the energy mix will help decrease
demand for traditional fossil fuels, although it may increase the use of other resources, such
as biomass, land and water (UNEP 2009). However, given the renewable nature of these
resources, as well as their potential lower environmental impacts in areas such as GHG
emissions, substitution of fossil fuels for renewable sources could represent an overall
improvement in resource efficiency.

4.2.3 Greenhouse gas emissions

Global GHG emissions are high and on the rise. According to the IPCC, the greatest
contributors to GHG emissions are the energy supply sector, industry, the agricultural sector
and deforestation (IPCC 2007). In order to contain global warming within 2°C above pre-
industrial times, all countries, particularly developed nations, need to participate in GHG
emissions reduction, for which there is significant potential.

The trends for the GHG emissions are very similar to the ones previously presented for
energy consumption(OECD 2012). The IEA has identified that end-use efficiencies in
buildings, industry and transport have the largest potential for CO, emission abatements, but
improving the efficiency of power plants and increasing the share of renewable energies
could also reduce emissions (IEA 2012a). Within specific industry sectors, the chemicals and
petrochemical industries, iron and steel industry and the cement industry have the greatest

° The analysis is based on a large number of assumptions. Furthermore, it should be noted that the
size and cost efficiency of opportunities are highly dependent on the future evolution of resource
prices.
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potential for reducing GHG emissions through energy efficiency and best available
technologies (IEA 2013). Regarding the industry shares, the production of just five materials
results in 55% of all industrial emissions (Allwood and Cullen 2012), with steel and cement,
widely used in the construction sectors (including transport infrastructures) making the most
important contributions (Figure 24). It should be noted that while energy consumption and
CO, can in most cases be considered as closely related, this is not the case for cement
manufacturing, where half of the CO, emissions result from a chemical reaction.

Figure 24 Sources of global CO, emissions (Allwood and Cullen 2012)
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To tackle climate change, the EU has passed legislation to reduce GHG emissions to 20%
below 1990 levels by 2020, and the Roadmap for moving to a competitive low-carbon
economy in 2050 (European Commission 2011) sets out a pathway for achieving cuts of
80% below 1990 levels by 2050 (see Figure 25). For industry, the Roadmap sets a target of
83 to 87% below 1990 levels by 2050, 88 to 91% for the residential and services sector and
54 to 67% for transport.

Figure 25 The EU roadmap to reducing domestic GHG emissions by 80% by 2050
(compared with 1990)
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Although there is significant potential to reduce GHG emissions in industry, there is greater
potential for consumption to address inefficiency than production (Scott, et al. 2009). Energy
use in residential buildings represents approximately 25% of end-use GHG emissions from
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energy use in EU-27 in 2009, around half of which come directly from fuel burning and the
other half indirectly from electricity and district heating (EEA 2011). Behavioural changes can
have a considerable impact on GHG emissions reduction. A recent study for the European
Commission identified 36 behavioural changes that would help cut emissions, of which 11
were assessed for reduction potential (Faber, et al. 2012). At maximum realistic
implementation, the total reduction potential of the 11 behavioural changes reaches about
600 Mt CO, in 2020, or about a quarter of projected emissions not covered by the EU
Emissions Trading Scheme (ETS). Some of the greatest reduction potential was found in the
food sector.

4.3 Water

Water is a prerequisite for all life. In addition to meeting demand for clean drinking water,
water is used in agriculture for growing crops and rearing animals, as a cooling medium for
energy production, for cleaning and washing, etc. Water is in this way linked with the use of
other resources, such as biomass and energy production, as well as many economic
activities. Water demand is expected to increase with growing population and demand for
food, energy, products and services (see Figure 26).

Figure 26 Global water demand
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The total water abstraction in EU-27 is on average 247 020 million m® per year (Dworak, et
al. 2007). Usage of this water can be divided into four main sectors; energy, agriculture,
public sector and industry (see Box 4).

The energy sector appears to be the largest water user. Here water is mainly used for cooling
purposes in thermoelectric power plants. However, most of the water is brackish, (light blue arrows in
Figure 27), and almost all of this water is normally returned to the local environment (Dworak, et al.
2007).

Figure 27 Sectoral use of water in Europe (EU-27), the flowchart doesn’t illustrate
losses
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After energy, agriculture and the public sector are the largest consumers of freshwater in Europe. For
the public sector, abstracted water first passes a treatment plant system before it is distributed to
consumers. |t is then discharged to the wastewater treatment plant, from which it is returned to the
recipient. In agriculture, on the other hand, most of the water abstracted is consumed by
evapotranspiration or bound in the plant; therefore 70% of the abstracted water is not returned to a
recipient (EEA 2012b)

Water withdrawal differs from country to country. For instance, in Sweden the largest volume is used
in industry, whereas in Greece it is primarily for agriculture (Dworak, et al. 2007). Finland, France,
Germany, Sweden, Spain and Italy are the largest consumers of water for industrial purposes. Finland
and Sweden use 71% and 42%, respectively, of their total industrial consumption in the pulp and
paper industry. The water consumption in the chemical sector is largest in Germany and ltaly, where it
constitutes 38% and 36%, respectively, of domestic industrial water consumption.

In the last 30 years water abstraction has decreased in industrialized countries due to closures in
water-intensive industries and introduction of cleaning technology. In Central and Eastern Europe
water abstraction has decreased by 70%. However, in some industries water abstraction has
increased due to higher demand of better-quality products, which require greater amounts of water.
This has been shown in the textile, paper and chemical industries, in Denmark, Ireland and the UK.

One of the largest pressures on water resources in the EU is agriculture, which accounts for
approximately 33% of total water use in EU (EEA 2012b). Within this sector, irrigation is the largest
water consumer, whereas livestock farming and aquaculture (e.g. fish-farming) are considered
marginal (Dworak, et al. 2007). The southern parts of Europe are the main consumers of water for
agricultural purposes, with nearly all of this water used for irrigation (EEA 2012b). About 85% of the
total irrigated area in EU is situated mainly in Greece, France, ltaly, Spain and Portugal. These
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countries also experiences some of the most significant levels of water stress (Kinner, et al. 1999).

The need for irrigation is basically the difference between the total water requirement of plants and the
effective rainfall (Dworak, et al. 2007). The amount of water used for irrigation depends on different
factors, such as: crop type, climate, soil characteristics, cultivation practices and methods of
application(Kinner, et al. 1999) (Agriculture and rural development 2012)

Figure 28 presents the residential water usage per person per day in EU Member States (Ecotapware
2011). This amount varies, of course, by living standards, age, environmental education, etc. (Dworak,
et al. 2007), and some differences can probably be explained by statistical inconsistencies. The high
consumption in ltaly, according to BIO Intelligence Service (2012b), can partly be explained by the low
price elasticity of water demand.

Figure 28 Residential water use in EU-27
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Although freshwater is a renewable resource, if water is abstracted at a faster rate than the
available resources are replenished, then water scarcity can easily occur in many locations
at different times of the year (EEA 2012). The pressure on freshwater resources in a country
can be measured by the water exploitation index (WEI), which is the annual ratio of total
freshwater withdrawal to the total renewable resources. A number over 20% indicates that
water resources are under stress, and, above 40%, severe water stress (McGlade and
Werner 2012).

There are considerable differences in the per-inhabitant amounts of freshwater abstracted
and productivity within each of the EU Member States (Figure 29), in part reflecting the
resources available, but also abstraction practices depending on climate as well as on the
industrial and agricultural structure of the country.
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Figure 29 Water abstraction per capita, water productivity and water exploitation index
(water stress)
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According to McKinsey (2011), productivity improvements could reduce the demand for
global freshwater by 18-21%. The main inefficiencies in water use are:

¢ Ineffective irrigation technology. Significant losses (evaporation and leakages) can
occur in irrigation between abstraction and field application. Table 2 presents the
differences in efficiency of different irrigation methods. Improvement in conveyance
efficiency for the irrigation method alone is estimated to save up to 25% of water in
Europe. Estimates show that savings of up to 43% in total can be made in the
agricultural sector via measures such as making the irrigation technology more
efficient, shifting to drought resistant crops, reusing wastewater and changing
agricultural practices (EEA 2012b).
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Table 2 Water efficiency of the different irrigation methods

Distribution and irrigation system Water Field Global
conveyance application gross
efficiency efficiency efficiency

Open channel main network + furrow etc. 70% 55% 39%

Pressurized + Sprinkler 90% 75% 68%

Pressurized + Drip 90% 90% 81%

Source: (Dworak et al. 2007, 45)

¢ Evaporation in cooling systems. Significant differences can be observed in water
withdrawals of different cooling systems used in the production of energy. The type of
system used is largely dependent on the location of the power plant. It is difficult to
find obvious measures for the energy sector; however, some examples given in
literature are: utilizing water with low quality, reusing and recycling cooling water and
changing to other coolants. Table 3 shows water withdrawal and water consumption
for different cooling systems. Clearly, pond cooling and cooling towers have high
percentages of water consumption. The distribution is the same for other fuels like
nuclear and natural gas (Dworak et al. 2007).

Table 3 Water withdrawal and water consumption for different cooling systems

Plant and cooling Water withdrawal Typical water Water consumption

system type [I/MWh] consumption as % of withdrawal
[IY/MWAh]

Fossil/lbiomass/waste-fuelled 75 800 — 189 500 1137 1%
steam, once-through

Fossil/biomass/waste-fuelled 1137 -2274 1137-1819 87%
steam, pond cooling

Fossil/biomass/waste-fuels 1895-2274 1819 87%
steam, cooling towers

Source: (Dworak et al. 2007)

¢ Leakage in the public supply system. The leakage in the public supply system
varies between 2% in France to 61% in Bulgaria and the average for EU-27 is 21%
(Péyry 2012). The large variation between the Member States is due to the
differences in technical performance of the supply system networks, but could also be
due to the incorrect estimates due to lacking data and assumptions made. However,
it is clear that leakages in the network system are of great importance for an efficient
water supply.

¢ Inefficient water-using devices in buildings. The majority of water use (70 - 95%)
in buildings is for showers, baths, toilets and household appliances such as washing
machines and dishwashers (BIO Intelligence Service 2012b). The efficiency of
households technology differs between EU Member States. For example, a shower in
Finland may use 3.75 times more water per shower than one in France (Ecotapware
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2011). Installation of water-saving technologies can help reduce water consumption
for toilets, showers and baths. For instance, water savings of up to 70% can be
achieved by installing taps which are regulated by sensors (European Environment
Agency 2012a).

* Reuse of wastewater and rainwater harvesting. Besides the quantity of water
used, water quality is also an important dimension when considering resource
efficiency. There are several opportunities to reduce the demand of high quality
potable water by reusing wastewater — either directly or after some form of treatment
(EEA 2012b). In areas where water is scarce, treated wastewater may provide a cost-
efficient alternative source of water for irrigating crops, e.g. more than 20% of the
water in some areas is supplied from treated wastewater. Similarly, used household
water and rainwater harvesting could be used to reduce the use of freshwater.

Water efficiency within the public, energy and industry sector is likely to be achieved through
improved urban planning, ecological design, innovations and process design. A reduction in
water use also decreases energy consumption for wastewater treatment and achieves more
efficient chemical use, hence lowering other environmental burdens. In the industry and
energy sectors it is probably more difficult, costly and time consuming to exchange existing
technology than, for instance, in the public sector, where methods such as installation of
water reducing taps and toilets can be used.

4.4 Land

Land is a finite resource. Land use corresponds to the socio-economic description (functional
dimension) of areas: areas used for residential, industrial or commercial purposes, for
farming or forestry, for recreational or conservation purposes, etc. The three largest land
types in Europe are forests (35%), arable land and permanent crops (25%), and pastures
and mixed mosaics (17%). About 4% of Europe is covered by artificial surfaces.

The main inefficiencies related to land use that were identified are:

¢ Land use change from natural land to agriculture land can have severe impacts on
climate change and ecosystems services (EEA 2010a). Although land use change is
driven by the demand for other uses of land, it is responsible for a large share of
global GHG emissions and also causes degradation and pollution of water, soil and
air.

* A specific case of land use change is the loss of productive land which occurs
when land that could be used to produce natural resources and provide ecosystem
services is lost to urban sprawl and transport infrastructures (JRC 2012a) through
land'® take and soil sealing'’ (Didier and Thomson 2007). Overall, about 1 000 km? is
lost each year in the EU due to land uptake by urban and other artificial land
development (Prokop, Jobstmann and Schénbauer 2011). Between 2000 and 2006,

1% Loss of agriculture, forest and other semi-natural and natural land taken by urban and other artificial
land development. It includes areas where soil is sealed by construction and urban infrastructure as
well as urban green areas and sport and leisure facilities.

! Sealed soils can be defined as the destruction or covering of soils by buildings, constructions and
layers of completely or partly impermeable artificial material (asphalt, concrete, etc.). It is the most
intense form of land take and is essentially an irreversible process (JRC 2012a).
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the EU average loss of land increased by 3%. The formation of new artificial surfaces
is greater than the formation of new agricultural land (EEA 2010).

Although cities may impact the environment and biodiversity on a much bigger scale
than their actual area, urbanisation itself is not necessarily inefficient. It is often
necessary to fulfil human needs for transportation and dwelling. Associated with
urban living, the proximity of people, businesses and services may actually provide
greater opportunities and benefits, especially in terms of sustainability and resource
use. Urban dwellers on average consume less energy and land for living per capita
than rural residents and have fewer requirements for transport (EEA 2010b).

¢ Soil compaction, erosion, loss of organic carbon and contamination are examples of
degradation of land and soil. Common for all types of land degradation is the fact
that the soil loses its ability to provide vital ecosystem services such as crop growing,
water retention and carbon sink. Over 30% of subsoil in Europe has been severely
affected by soil compaction, mainly due to the use of heavy machinery in agriculture
(JRC 2012a). About 16% of Europe’s total land area is prone to water erosion. About
45% of the soil in Europe is considered to have low or very low soil organic carbon
content. About 3 million sites in Europe are contaminated by heavy metals and
mineral oil. Many of the contaminated sites in the EU are abandoned and have
potential to be remediated and reused productively.

¢ Inefficient land use management and agricultural practices are still prevalent. For
example, the United Nations Food and Agriculture Organization estimates that there
is still significant potential to increase crop yields economically (FAO 2012). Western
and Central European countries have on average only achieved 65% of their
economic potential yield. However, these estimates do not take into consideration
whether it is possible to close these ‘yield gaps’ in a sustainable manner (Foley, et al.
2011).

4.5 Ecosystem services

Ecosystem services are ‘the benefits people obtain from ecosystems” (Millennium
Ecosystem Assessment 2005). They encompass all the resources that nature provides
directly and indirectly to the economy and human well-being. Ecosystem services are
classified into four areas:

* Provisioning services such as crops, fish, timber and water. These are the services
that underlie most of the resources discussed in the previous sections.

* Regulating services such as climate regulation, water filtration, flood protection, etc.
¢ (Cultural services which provide recreational, spiritual and educational experiences
* Supporting services such as soil formation, photosynthesis and nutrient cycling.

The state and proper functioning of ecosystem services are in decline due to environmental
pressures caused by human production and consumption. The Millennium Ecosystem
Assessment (2005) found that approximately 60% (15 out of 24) of the ecosystem services
examined in their study are being degraded or used unsustainably As the economy is
dependent on ecosystem services, their degradation can be seen as an inefficient use of
resources. It is only recently that the value of ecosystem services has been attempted to be
quantified (TEEB 2009). Monetary valuations of ecosystem services often make it clear that
decisions on resource use are not optimal and that more benefits could be gained from
sustainable management approaches (Naumann, et al. 2011).
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4.6 Summary

This chapter has identified the major areas of inefficient resource use in terms of materials,
energy, water, land and ecosystems by considering their resource efficiency potential. In
general there seems to be significant potential to increase resource efficiency for all
resources considered. However, the resource efficiency potentials mentioned in this chapter
are often theoretical (technical) estimates that do not always consider whether it would be
economically feasible and socially acceptable to achieve such efficiencies.

Many of the inefficiencies identified can be seen as ‘classical’ examples of technical
inefficiencies where a comparison is made between the amount of resources needed as
inputs per unit of output. This could be improvements in crop yields, electricity transmission,
irrigation, etc. Here the focus is on the potential for improving productivity and it is related to
available technologies, knowledge of best practices and costs. These types of inefficiencies
typically relate to production or supply side perspectives, and they do not question how the
resource outputs are actually used.

In contrast, some of the other identified areas of inefficiency relate to use and consumption
behaviours such as choice of diets, use of products and overconsumption in general. These
types of inefficiencies typically lead to increased demand for natural resources even though
the supply of the resource, product or service in itself may be very efficient. For example,
even if we imagine that the production of beef was optimised in relation to breed, feed,
rearing methods, slaughtering, transport, etc. so that this was resource efficient, but the total
global demand for beef would not be sustainable in the long term due to limited land,
freshwater resources and climate change. To improve this perspective of inefficiency, one
would have to address preferences and the question of ‘sufficiency’, i.e. when can something
be considered excessive or too much.

A third type of inefficiency relates to resources that typically are considered waste - meaning
that it has little or no value to the person who discards it. Here the inefficiency is considered
from the perspective that the waste has a potential to be reused, recycled or transformed to
another useful resource. This eliminates the need for extracting other (virgin) resources and
is often less harmful to the environment.

A fourth type of inefficiency identified is the potential to substitute the use of one resource
with another resource that is less harmful to the environment. Using coal for heat and power
production could be seen as inefficient in relation to renewable energy sources such as wind
power. Another example could be to rely on red meat instead of white meat to fulfil the
nutritional requirements for protein.

Finally the last type of inefficient resource use identified is unsustainable resource extraction
or use. The inefficiencies are seen as the rate of extraction in relation to the natural stocks
and the rates of replenishment such as fish stocks, available freshwater and high value
conservation areas. The potential for increasing resource efficiency is related to how well the
resources are managed and planned to ensure a secure supply in the future.

The different types of inefficiencies listed here should not be considered individually. In
effect, they are often interlinked and depend on how the problem is framed. For example,
food waste is a mixture of production inefficiencies (e.g. bakers make more bread than they
can sell); consumption inefficiencies (e.g. consumers buy more than they can eat); waste
inefficiencies (e.g. leftovers are thrown away); and, substitution inefficiencies (e.g. fresh milk
does not keep as well as long life milk). One should rather see the list of inefficiencies as
different dimensions of inefficiency than separate categories.
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5 Analysis of drivers of inefficiency and the
underlying reasons

This chapter builds on the previous chapter and examines the drivers behind the identified
inefficiencies. First a presentation of the general factors influencing inefficiency is provided.
Then the inefficient use of resources and their drivers in the three consumption areas (food,
transport and buildings) that contribute most to environmental pressures in the EU are
analysed. The reasons for inefficiency are many and interact with each other in a complex
manner. In the following sections only the most significant drivers of inefficiency are
presented.

5.1 General categories of drivers of (in)efficiency

There are many factors that influence the inefficient (or efficient) use of resources. As
barriers are the opposite of drivers, the drivers of inefficiency are the same as the barriers to
resource efficiency, i.e. a driver of inefficiency is a factor that restrains resource efficiency
from improving. Based on the literature review, six main categories of driving forces were
identified that explain and encourage inefficient resource use (same categories as the Tier 1
drivers used for the meta-analysis — see Figure 9 in section 3.5.2):

e Behavioural and informational drivers regroup factors related to personal and
cultural values, preferences and paradigms; cultural and societal trends; as well as
issues with information, communication and awareness.

¢ Institutional and organisational drivers can refer to macro-level social and
economic structures and processes, including governance, business management,
decision making, supply chain structure, interaction between actors (e.g. producers,
retailers, consumers, policy-makers, etc.).

¢ Policy and regulatory drivers involve factors stemming from policy, regulation or
the legal framework.

* Socioeconomic drivers include demographic and social trends, as well as economic
factors such as high costs, lack of funding, distorted pricing, lack of economic
incentives for efficient behaviour and other market failures.

* Bio-physical drivers refer to the environmental context and factors, as well as
resource endowments.

¢ Technological and infrastructural drivers refer to inherent technical inefficiencies
and limitations of materials, technologies, systems and processes, as well as of
surrounding infrastructure.

These six categories of drivers are relevant for all sectors and can impact efficiency
throughout the life cycle of a resource or sector. There is rarely only one driver of resource
inefficiency. Typically several factors are in play and often the factors influence each other
(see Figure 30).
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Figure 30 Factors influencing resource efficiency
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For example regarding energy efficiency, experts from across the EU-27 were asked in a
recent survey what were the major barriers in their countries (Energy Efficiency Watch
Project 2012). For 47% of them, financing of energy efficiency investments was the most
important barrier. The lack of legislation or its implementation was mentioned by 28%. The
experts also stressed that many other barriers to energy efficiency remain to be addressed
(e.g. legal, institutional, in the fields of information, awareness raising and training).

5.1.1 Behavioural and informational drivers

Human behaviour ultimately drives resource use. It determines what resources we use and
how we use them. Behaviour is determined by personal values and attitudes, but is also
influenced by incentives, norms and institutional constraints (Jackson 2005). Policy
development generally assumes ‘rational’ behaviour, i.e. people will make decisions by
calculating the individual costs and benefits of different courses of action and choosing the
option that maximises their expected net benefits. But reality shows that this is not always
the case.

Several models have been proposed to understand behaviour and how it is influenced
(Jackson 2005). An example of a simplified model for individual consumer behaviour is
presented in Figure 30. Consumer behaviour is a result of motivation and behavioural control
(Vlek 2000) — both factors must be present. Motivation is first and foremost determined by
needs and desires (e.g. a comfortable home), but also depends on individual belief systems
and values (e.g. that protecting the environment is important). The opportunities that exist
and are present for the individual are however key to both motivation and behavioural
control. Opportunities are to be understood as external facilitating conditions such as the
availability and accessibility of the means that allow an individual to act. This could be
resource efficient technology, products and services; information on consumption; or prices
and rewards. Besides opportunities and values, behavioural control is dependent on the
individual’s abilities. These are the internal capacities of an individual (or an organisation) to
act in a certain way, which could include financial ability (e.g. it is affordable), temporal
abilities (e.g. there is enough time), spatial (e.g. in close proximity), cognitive (e.g. awareness
and appropriate knowledge) and physical (e.g. able to perform the action). For example,
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household energy use depends on the need for energy to heat a home, what is believed to
be a comfortable temperature, the heating system and how well the house is insulated. If
consumers are to adopt more energy efficient behaviours, they should not only be motivated,
but also be able to choose and buy energy efficient equipment (depends on the availability
and affordability), be able to install it and know how to use it correctly.

Figure 31 A model for influencing individual consumer behaviour

_;‘ Technology Economy Demography Institutions Culture
Needs Opportunities Belief system Abilities
Relations, development, Availability, advertisement, Values Financial, temporal,
comfort, pleasure, work, prices, marketing strategies, spatial, cognitive,
health, privacy, money, social norms physical
status, safety, nature,
freedom, leisure, justice
\\\A ‘// _7_,_,_,,-——7-*"’\’\';7 \\\A ‘//
‘ Behavioural control
~ =
\\\\ ////
h i

‘ Intention, expectation of convenience

1 }

Consumer behaviour ‘

! |

} Habits, consumption practices |

Source: (EEA 2013)

This model for influencing consumer behaviour explains that it is not sufficient to just be
aware or motivated to use resources more efficiently, but one must also have the
opportunities and abilities to change behaviour. Studies show that there is a gap between
consumer attitudes and behaviour. People do not always act on their environmental and
social concerns. Despite a general increase in levels of awareness and concern about
environmental and social issues, many consumers have not made the same shifts in general
behaviours, lifestyles and purchasing decisions. Consumers are more likely to adopt
environmentally responsible behaviours, if both cost-efficient and convenient (WBCSD
2008).

In general, individuals and organisations make reasoned choices in relation to behaviour.
However behaviour is often habitual and guided by automated cognitive processes instead of
elaborate reasoning (Steg and Abrahamse 2010). The existence of habitual actions of
consumers creates a large barrier to changing ‘routine’ behaviour. Habits, or ‘inertia’, are
formed in a process of continuous reinforcement. Once people are satisfied with their choice
and situation, their behaviour becomes routine and they do not tend to search for new
solutions until new signals and influences arrive that can trigger the search for a better
alternative. Alternatives to a specific product or brand are rarely sought out because of
transaction costs in terms of time, trials, and errors (Power and Mont 2010).

Social norms are believed to also influence behaviour either through injunctive norms (i.e.
the extent that the behaviour is generally considered as good or bad in a social group) or
descriptive norms (i.e. the extent to which the behaviour is perceived as common) (Steg and
Abrahamse 2010). Although, there are differences between individual behaviour and
organisational behaviour (such as a government organisation or a company), many of the
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dynamics are similar (Oakdene Hollins 2011), e.g. social pressure can also influence the
decisions and behaviour of companies (Montalvo Corral 2003).

A general driver of overconsumption of resources is consumerism. Consumerism in modern
society is characterised by an underlying sentiment that is more competitive than co-
operative, and members of the community strive to be materially better off than others.
Individual freedom to own property and to consume is considered a fundamental right of all
human beings. The natural world is viewed as a source of commodities, which provide the
basis for consumption (Michaelis 2000). The definition of what people ‘need’ in order to be a
‘normal’ member of society is continually increasing in terms of material consumption (Power
and Mont 2010). A culture of high and continuously growing levels of consumption, generally
associated with well-being and success, has become the norm in western European
countries (EEA 2010a). Conspicuous consumption, where there is heavy societal pressure to
maintain high consumption patterns and where competitive spending and displays of wealth
are encouraged by society, is becoming common place around the world (WBCSD 2008).

The activities of business and marketers are closely linked to the above mentioned principles
of today’s consumer culture. The link between perceived needs and consumption levels is
complex: the ways in which we choose to satisfy our needs and wants are influenced by
cultural and institutional factors, and do not always contribute to our overall well-being —
consumption of junk food or alcohol are examples. An obvious explanation is the role of
advertising and marketing in creating ‘false’ needs, although there are many other social and
psychological drivers of consumption, which the following sections aim to explain. The
advertising industry plays a key role in continually creating new needs to ensure that we
keep on buying new products (see section 5.1.4 on socio-economic drivers and the ‘engine
of growth’).

When individuals make poor choices about resource use, it is often due to misinformation or
lack of information. In many cases consumers and companies do not have adequate
information about the efficiency, resource use and environmental performance of products
and services. Without comprehensible, reliable and comparable information about resource
use and efficiency, individuals and organisations are not able to make the right choices
(Koos 2011). Furthermore, without information on resource use and environmental impacts,
actions to improve resource efficiency cannot be effectively communicated and implemented.

Even if information on resource use and environmental performance is available (e.g. energy
labels, water metering, environmental product declarations, etc.), people rarely search out,
read or properly digest all of the information available to them when making a decision. The
type, complexity and amount of information provided, and the way in which it is presented, all
have a significant impact on the likelihood of people reading and understanding (Borin, Cerf
and Krishnan 2011). This is even sometimes misused when companies market products with
misleading environmental claims (TerraChoice 2010). Furthermore, selective exposure to
information means people seek out only information that they are interested in (based on
social and personal norms) (Borgstede and Andersson 2010). Nonetheless, information and
feedback on the use of resources is a prerequisite for resource efficiency. Results of studies
show that frequent measuring of resource use and feedback is effective in reducing resource
use (Steg and Abrahamse 2010). In many cases, the perception of the size of the resource
efficiency savings and the ease of implementation do not correspond to reality (Oakdene
Hollins 2011). Actual data and objective information can alleviate this.

Finally, the lack of knowledge and skills of best practices among producers as well as
consumers is a major factor for why resources are used inefficiently (UNEP 2011).
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Insufficient or outdated education and training are often the causes for the lack of knowledge
and skills, but it is also related to the diffusion of knowledge and information.

5.1.2 Institutional and organisational drivers

Social structures in society influence behaviour by imposing systems, hierarchies,
procedures and norms on individuals. For example, the manner in which we organise
ourselves and our economy puts formal and informal constraints on resource efficiency.
Globalisation and the separation of production and consumption make it less clear how our
consumption is affecting (inefficient) resource use in other parts of the world (UNEP 2011).
Related to this is how some business models are structured, which incentivise inefficient use
of resources (Tukker and Tischner 2006)(Ellen MacArthur Foundation 2012). For example,
the aim of most manufacturing firms and retailers is to sell as many products as possible
rather than ensure that their clients’ needs are satisfied.

Differences in power may also result in inefficient resource use, e.g. large multi-national
corporations can influence other actors in the supply chain to produce or consume resources
in a certain manner that is not optimised (Moomaw, et al. 2012). For example, major retail
chains offer fresh strawberries throughout the year, encouraging the production and
consumption of off-season produce. In relation to businesses, the lack of leadership and
management support is often mentioned as a barrier to resource efficiency (Oakdene Hollins
2011). The presence of corruption and weak systems of regulation and accountability can
also lead to inefficient use of resources (UNEP 2011)(EEA 2012b). Inefficient resource use
may also be due to how resources are managed, e.g. spatial planning (BIO Intelligence
Service 2011a).

5.1.3 Policy and regulatory drivers

Although there are many policies and regulations that aim to encourage resource efficiency
and reduce the environmental impacts of resources, there are areas where policy and
regulation actually drive resource inefficiency (IEA, OPEC, OECD and World Bank
2010)(WWF 2013)(Crilly and Esteban 2012). Some of the policies are conscious decisions to
directly support the consumption of certain resources to protect a certain social group or
industry, e.g. environmentally harmful subsidies, or indirectly by support research and
development for a certain technology. Even though policy aims to encourage resource
efficiency, perverse effects can actually result from policy intervention — as has been seen
with biofuel policies (UNEP 2009).

5.1.4 Socio-economic drivers

Demographic changes such as growth in population (including population density), an ageing
population, increased migration to urban areas and changes in family sizes (e.g. increasing
number of single households) have led to the construction of new dwellings, road
construction and urban sprawl (EEA 2010). These demographic changes affect consumer
preferences and demands, and lead to lifestyle changes (Power and Mont 2010). Two key
factors that influence direct resource use are the level of development (given by GDP per
capita) and population density (UNEP 2011a). Each factor seems to double the per-capita
consumption of resources. When comparing the rates of resource use per capita of regions
and areas with the same level of development, it appears that densely populated areas, such
as urban areas, need fewer resources per capita for the same standard of living.
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Urbanisation is strongly linked with income levels. Cities tend to attract people because
incomes are higher, and in turn consumption levels are higher in urban areas because of
higher incomes (UNEP 2012).

Most economies strive to grow. Economic growth increases welfare and reduces poverty in
society. However, the current model for economic growth is based on constantly increasing
the demand for products and services (Jackson 2009). Put simply, an increase in demand
increases the revenue of firms, which again allows firms to employ more people and/or invest
in capital such as buildings and production equipment (Figure 32). When employment
increases, households’ income also tend to increase, and consumers can buy more products
and services. To encourage consumers to spend more money, firms may invest money to be
able to increase the efficiency of their production, which leads to cheaper products that
stimulates demand; or, they may invest in innovation, which leads to new products that also
can stimulate demand. In this (oversimplified) manner, increases in efficiency seem to
actually drive resource consumption.

Figure 32 Economic growth is built on the constant increase in demand
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Source: After (Jackson 2009)

High income consumers account for by far the greatest per-capita share of consumption
expenditure and environmental footprint (UNEP 2010). Besides economic growth and wealth
driving consumption - and perhaps also overconsumption - inefficient resource use can be
explained by market failures such as:

¢ Externalities, i.e. costs or benefits of a product or process which affects a third party.
The classical example of this is environmental impacts of production that are not
included in the price of production and products resulting in relatively low resource
costs (von Weizséacker, et al. 2009). Resource losses during production are often
because of the relatively low costs of materials compared to the (often perceived)
effort of reducing losses, in particular labour costs (Allwood and Cullen 2012).

¢ Public goods, i.e. when property rights of natural resources are incompletely defined
and/or enforced, individuals in a group will tend to continue to exploit common
resources in accordance with self-interest - even to the extent that this reduces the
entire group’s ability to exploit the resource in the future. This behaviour leads to
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degradation of ecosystems and overexploitation of natural resources. This problem is
typically known as the “tragedy of the commons” (Hardin 1968).

¢ Imperfect competition relates to the market structure, where there is only one or a
few sellers of products and services that can influence the supply or price, e.g. in a
monopoly.

¢ Imperfect information, i.e. buyers and sellers on a market do not both have full
information on the consequences of their purchasing and selling decisions. An
example of this is when consumers purchase products without knowing how long they
will last or what their real life energy performance is (related to the informational
drivers described in section 5.1.1).

Another economic barrier is the lack of capital to invest in resource efficient technology and
equipment (IEA 2007). High investment costs and low resource use costs result in low or no
returns on investment. Related to this are split incentives, also called principal-agent
problems, which refer to the potential difficulties that arise when two parties engaged in a
contract have different goals and different levels of information. Such failure is common in
the building sector, e.g. the tenant-landlord scenario, where economic incentives are not
aligned.

5.1.5 Bio-physical drivers

Resource efficiency can be constrained by bio-physical factors that are only indirectly a result
of human activities. Crop yields are for example dependent on climate, soil quality and water
ability (FAO 2012). The degradation of ecosystems can be a major factor that contributes to
inefficient use of resources (Millennium Ecosystem Assessment 2005). For example, the
location of cities and agricultural activities in certain areas might require more freshwater
than is naturally available and therefore water either has to be transported, treated and/or
desalinated to satisfy demand (EEA 2012b). Besides depleting local water supplies and
putting a pressure on ecosystems, the transportation, treatment and/or desalination of water
requires additional energy.

5.1.6 Technological and infrastructural drivers

Resource efficiency could be improved dramatically by retrofitting or replacing existing
equipment with more efficient technology (IEA 2008) and designing or planning more efficient
infrastructure (UNEP 2012). Besides the investment costs, the diffusion and availability of
tested technology limits improvements in resource efficiency.

Often technologies and infrastructures ‘lock’ us into a certain way of using resources (OECD
2012). This is particularly true for technologies (which may refer to systems, appliances,
equipment, processes, vehicles, infrastructures, etc.) that demand or consume resources
themselves, e.g. energy-using technologies. Overall efficiency of these technologies
depends both on the choice of technology and the user’s behaviour during its subsequent
use.

Further, with respect to the choice of technology, it is important to note that a comprehensive
analysis of the drivers of inefficiency must take into account the interaction between
technology supply and demand. More specifically, on the one hand, use of technologies
beneficial to resource efficiency is often constrained by limited availability, whether due to
inexistence of these technologies (due to lack of R&D, etc.) or to insufficient supply by
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producers or authorities. On the other hand, development and supply of these technologies
is in turn affected by demand, with low user/consumer demand lowering the attractiveness of
the supply of these technologies (particularly given often-high initial investment costs by
suppliers). Choice of technology is therefore driven by a cyclical interaction between supply
and demand. Here market failures occur between lack of availability of resource efficient
products and services on the market, and consumer demand for such products and services.

In some cases, yield losses are inherent in the existing technologies and manufacturing
techniques (Allwood and Cullen 2012). For example, machining results in shavings, whilst 3D
printing has no material losses. Developments in technologies and production processes
have generally led to new products and services using less materials'?, but not necessarily
because of environmental concerns (Steger and Bleischwitz 2011)(Hertwich 2005).
Environmental gains made through technical efficiency are often partially or wholly offset by
resulting increases in consumption due to lower costs of production and/or use and more
money thereby becoming available for spending on other/more goods and services — the
so—called rebound effect (Hertwich 2005).

In addition, the concept of planned obsolescence or built-in obsolescence is also worth
mentioning here (Ellen MacArthur Foundation 2012). Planned obsolescence refers to the
planning or designing of a product with a limited useful life, so that it eventually becomes
obsolete i.e. no longer functional after a certain period of time. This has several negative
environmental implications including resource depletion because the quicker a product fails,
the quicker a new replacement is needed, and the more resources are required. Planned
obsolescence also further perpetuates the consumer disposable mentality that something
can be used, abused and thrown away.

'2 The lightweighting of products is often beneficial for transport and use phases, but it can come at a
price of increased resource (e.g. materials, energy, water) consumption and environmental burden
during the extraction and production phases (Morley, et al. 2007)
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5.2 Food

While there are significant inefficiencies of resource use in the production of food, the key
inefficiencies in the EU are actually driven by food consumption. The following presents the
main areas to improve resource efficiency significantly and their drivers.

Table 4 The main areas of inefficient use of resources related to food

Area of inefficiency Life cycle stage | Key actor(s) | Main drivers | Key

relevant
resource
Diets and food Consumption Consumers Food prices, Biomass
choices (in particular income, materials
meat consumption and fOf:(SU][nerism, (ag(r]:culturald
i ack o products an
overconsumption) knowledge, fish), but also
year round land, water
availability and energy
Food losses and food All life cycle Farmers Production Biomass
waste phases Retailers exceeds materials
Consumers demand, (agricultural
planning and products and
purchasing fish), but also
behaviour, low land, water
food prices, and energy
regulations,
retail quality

standards, poor
storage and
processing
Unsustainable fishing Fishing Fishermen Regulation Biomass
failure, materials
consumer (fish)
demand, retail
standards,
fishing
equipment
Inefficient irrigation Agriculture Farmers Intensive Water
(farming) agricultqre,
water price,
irrigation
systems, lack of
best practices /
training, illegal

water

abstraction,
Nutrient and Agriculture Farmers Agricultural Materials
pesticides losses (farming) practices, (phosphorus)
from crop production excessive Degradation

amounts used of soil and
depleted soils, water

soil erosion,

resistant pests

Please note that for all illustrations of inefficiencies in this section, the six main categories of driving
forces are colour coded as per the legend in Figure 30.
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5.2.1 Diets and food choices

High meat (animal protein) consumption in diets, overconsumption and non-seasonal food
could be seen as inefficient uses of food resources.

More resources are required to produce 1 g of animal protein compared to 1 g of vegetable
protein. While chicken production is relatively efficient with a feed conversion ratio of less
than 2 (i.e. chickens need less than 2 kg of feed to produce 1 kg of meat), beef can have a
feed conversion ratio up to 16(Williams, Audsley and Sandars 2006) (Gold 2004). Fish tend
to have the highest feed conversion ratio. For example, depending on species and literature
sources, 1.4 to 2.0 kg of wild-caught feed is generally required to produce 1 kg of farmed fish
(FAO 2012). The World Health Organization recommends an intake of 58 g of protein per
day for a 70-kg-adult (World Health Organization 2007). Most people in industrialised
countries consume more protein — in particular meat - than necessary (Westhoek, et al.
2011): the average protein intake is over 100 grams per person per day (FAO 2011).
Changing from a typical western high meat diet to a nutritionally adequate diet with less meat
could reduce animal protein consumption by 63% (Erb, Haberl and Krausman 2009). A
vegetarian diet with dairy and eggs could reduce livestock products by 66% and only lead to
a 29% increase in other food products (Audsley, et al. 2009).

In addition to a high share of animal products in western diets, average caloric intake is well
beyond dietary guidelines (FAO 2011): people in industrialised countries consume 3,430 kcal
per person per day. The recommendations of the World Health Organization are between
2250 and 2700 (for men) kcal per day per 70-kg adult (FAO 2001) depending on age and
physical activity. Over 20% of the world population is either overweight or obese (Moomaw,
et al. 2012). In the EU, 30-70% of adults are overweight and 10-30% are considered obese
(DG for Health & Consumers 2010).

Out-of-season products typically require more energy to produce (e.g. crops are grown in
heated greenhouses) or transport (e.g. food must be shipped from other parts of the world)
than locally sourced seasonal production. In order to extend the growing season, farmers
often have to provide additional energy and/or nutrients to compensate the lack of adequate
conditions for plant growth. For example, off-season tomato production can take place in
greenhouses, the majority of them being heated and ventilated to provide an optimum
climate for fruit growth (Bressoud 2010). About 97% of the energy used in greenhouse
tomato production is for heating and lighting (Williams, Audsley and Sandars 2006). Out-of-
season products also lead to food miles’ — products have to be transported from places in
the world where the product is in season. This does not mean that seasonal production is
systematically resource efficient - some local and seasonal crops and vegetables can be
produced in a very resource intensive. While the demand for out-of-season products is
ultimately driven by consumer preferences and choice, retailers and caterers influence these
choices through decisions on what to stock and serve. Not providing more sustainable food
choices is one of the reasons consumers do not make the more resource efficient purchasing
decisions.

Food related behaviour patterns are complex, habitual and strongly influenced by marketing,
budgetary and socio-cultural pressures (BIO Intelligence Service 2012a). Unsustainable diets
and resource inefficient food choices are due to several factors:

e Urbanisation - due to increasing urbanisation and the growth of household incomes,
people have access to more diversified food and to imported food (Lundqvist, de
Fraiture and Molden 2008). Thus, they get accustomed to non-seasonal food being
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available. A convergence has been observed toward urban diets high in resource-
intensive saturated fats, sugar and refined food (‘western diet’) with high animal
content and carnivorous fishes.

Income - linked with urbanisation, higher income induces a decline in consumption of
starchy food staples, in favour of nutrient-dense food. Although the link between
income and the quantity of meat and fish consumed is not clear, higher income
households consume higher shares of beef and lower income households tend to
chose white meats such as chicken and pork (Omann, et al. 2007).

Convenience and time constraints - Also linked to income, households tend to eat
out more and have less time to prepare meals. The consumption of fruit, meat, and
vegetables increases with age due to the time required to prepare these types of food
(e.g. potatoes) (Omann, et al. 2007).

Food offering and marketing strategies — Many supermarket and food service
chains have optimised their processes to be able to offer food at low costs. To
increase revenue and profits, they are motivated to sell as much food as possible and
therefore often advertise aggressively with special offers and discounts. Although,
this can save consumers money, it leads to overconsumption — particularly, with “buy
one, get one free” promotions. Another example of retailers and food service
providers encouraging overconsumption is packaging sizes and portion sizes that are
bigger than some consumer’s needs.

Preferences - Food choice is ultimately determined by preferences related to taste
and eating habits. This is driven by factors such as personal preferences, culture,
religion, social norms and convenience. For example, women have a greater
tendency to buy organic food (Power and Mont 2010).

Lack of knowledge about sustainable food - Although environmental labelling has
been developed in Europe, consumers have little information about the environmental
impacts of their diets and sustainable food consumption. The demand for food with
high environmental impacts, such as beef, cheese or predator fishes are the main
causes of their high production and their associated impacts. In addition, people are
increasingly getting used to eating all types of food regardless of whether it is in
season.
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Figure 33 Drivers and causes to unsustainable diets and resource inefficient food
choices
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5.2.2 Food losses and waste

Food losses refer to the losses at the beginning of the supply chain (crop and livestock
production, processing and transport), while food waste refers to losses due to retailer and
consumer behaviour (Parfitt, Barthel and Macnaughton 2010)". One quarter of the food
supply in terms of kcal and one third in terms of weight is lost in the food supply chain due to
losses and waste (Kummu, et al. 2012). In Europe, the global food loss represented 280-300
kg/year/capita in 2007(Gustavsson, et al. 2011). The main losses and waste are at the
agricultural stage and the consumption stage (see Table 1). A study by Kummu et al. (2012)
estimates that agricultural losses could be reduced globally by 47% (varying regionally
between 25% and 59%) compared to baseline, and consumption waste could be reduced by
86% (varying regionally between 0% and 94%).

Table 1 Estimated/assumed waste and losses for each commodity group at each step
of the life cycle in Europe, including Russia

Agricultural Postharvest Processing and Distribution: Consumption
production handling and packaging Supermarket
storage Retail

Cereals 2% 4% 0.5%, 10% 2% 25%
Roots & Tubers 20% 9% 15% 7% 17%
Oilseeds & Pulses 10% 1% 5% 1% 4%
Fruit & Vegetables 20% 5% 2% 10% 19%
Meat 3.1% 0.7% 5% 4% 11%
Fish & Seafood 9.4% 0.5% 6% 9% 1%
Milk 3.5% 0.5% 1.2% 0.5% 7%

Source: (Gustavsson, et al. 2011)

'3 For this part, global food loss refers to both food losses and food waste
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Food losses and waste represent a loss of resources: crops, livestock, fishes, but also
indirectly the resources necessary for the production of these resources such as land, water,
energy, fertilizers and other inputs (Kummu, et al. 2012). In addition to saving resources,
reducing food losses and waste avoids unnecessary pollution related to the entire food
supply chain.

Food waste constitutes the main source of losses for medium- and high-income countries,
especially regarding cereals (Gustavsson, et al. 2011). They are mainly due to social norms
and consumer behaviour (Kummu, et al. 2012) (Gustavsson, et al. 2011)(McKinsey Global
Institute 2011). Of the estimated total 52 Mt of EU food waste, households produce the
largest fraction (38 Mt; 71% of the total), representing 109 kg per capita (BIO Intelligence
Service 2010a), with evidence showing that over 60% of it may be avoidable (WRAP 2009).
Food waste also occurs in the wholesale/retail (4 Mt; 7%) and food service sector (12 Mt;
22%).

Figure 34 Food and drink waste by food group, split by ‘avoidability’
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Source: (Parfitt, Barthel and Macnaughton 2010) (WRAP 2009).

At the consumption stage, behaviour and lack of information are the main drivers regarding
food waste:

* Indifferent consumer attitudes — indifferent attitudes to food waste is caused by
demographics, education and income:

o Single-person households tend to throw away more food per capita.
Households with children tend to waste more than households without
children, although rates vary with the children's age (WRAP 2009a).

o Education, related to environmental awareness, positively influences attitudes
regarding food waste.

o Income can induce an indifferent attitude among consumers, who think that
they can afford to waste food (Moomaw, et al. 2012). The correlation between
food waste and income is not proved however; according to some studies low
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income households generate less waste than high income households
(WRAP 2007a).

* Insufficient planning - caused by insufficient organisation, overconsumption and
confusion over food date labels.

o Insufficient organisation is due to the difficulty of anticipating numbers of
clients that leads to overstocking in the retail and food service sector (BIO
Intelligence Service 2010a).

o Overconsumption results from excessive choice due to the social environment
and lifestyle, income, advertising, big portion size (at home and in the food
service sector), etc. In particular, advertising and promotional events for
perishables items can encourage bulk purchasing which can lead to waste, if
the food is not managed properly (Moomaw, et al. 2012).

o Confusion in food date labels: misinterpretation or confusion over date labels
leads to the discard of still edible food (Moomaw, et al. 2012)(BIO Intelligence
Service 2010a). Moreover, hygiene laws do not permit the use of perishable
but still edible food after the expiry date.

* Lack of knowledge in food preparation - Food waste here is mainly due to surplus
food preparation. Otherwise losses due to food preparation are: unavoidable food
waste such as bones, and possibly avoidable waste such as vegetable peelings.

Figure 35 Drivers and causes to food waste during retail and consumption
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Food losses can be discards, degradation during harvest, handling, storage or
transportation, surplus, crops sorted out due to quality requirements, or losses during
processing (washing, peeling, slicing, etc.). Food losses are a function of the technology
available; plant and animal diseases; and, the quality and quantity standards of retailers and

food service providers, e.g. perfectly edible food being rejected because of imperfect shape
or size (Parfitt, Barthel and Macnaughton 2010).

Advertising “buy
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Figure 36 Drivers and causes to food losses during farming and food production
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5.2.3 Unsustainable fishing

Over 80% of fish populations are either fully fished (57% of stocks) or overfished (30% of
stocks) (FAO 2012). Overfishing reduces the productivity of fish stocks and reduces the
capacity of the oceans to provide for the future (Crilly and Esteban 2012). Furthermore,
fisheries are one of the sectors that results in the most losses related to the fish consumed.
The discard of unwanted by-catch produces 20 million tonnes of waste annually. The protein
loss from fish by-catches and discards could provide enough fish meal to increase current
aquaculture by 50% (Moomaw, et al. 2012). Global by-catch discards from fishing
represented between 20-60% of the catch for the period 2003-2005 (STECF 2012). The
unwanted by-catch can be non-edible fish; fish unwanted by consumers (due to esthetical
quality standards); poor quality fish; fish with too low market value; juvenile and undersized
fish of the species targeted that cannot be landed.

Losses are due to:

® Quantity and quality standards - Fishermen (and more broadly producers) often
fish larger quantities than required in order to ensure delivery of agreed quantities to
clients and to avoid potential contract penalties for partial delivery of order volumes
(Moomaw, et al. 2012). Thus, losses are also linked to market factors underlining a
lack of co-ordination between actors and their different strengths.

* Inappropriate equipment - Losses are especially significant in trawl and gillnet
fisheries where the proportion of species caught incidentally can reach 95% of the
total material taken on board (FAO 2012). Moreover, post-harvest losses, in particular
in small-scale fisheries are generally regarded as being the highest for all
commodities in the entire food production system.

¢ Lack of valorisation - By-catch is mostly discarded into the sea, often dead but they
can potentially be kept on board and used in feed, pharmaceuticals, etc. (European
Commission 2011a). Nonetheless, recovery of fish discards is currently insufficient
due to the lack of market and appropriate infrastructure.

Page 64 | Analysis of drivers



DYNAMIX Reasons for inefficiency

* Lack of appropriate legislation - There is currently no EU-wide policy aiming at
reducing discards. The European Commission is currently considering the
implementation of quotas in consultation with fisheries stakeholders to reduce
unwanted by-catches (European Commission 2011a).

Figure 37 Drivers and causes to unsustainable fishing
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5.2.4 Inefficient irrigation

Within the life cycle of food, the most water-consuming sector is agriculture (EEA 2012b).
Over 90% of the water footprint of food production is from farming, with irrigation as the main
driver of water consumption (Vanham and Bidoglio 2013). Water availability is very
heterogeneous within the EU, since natural supply and storage of freshwater is unevenly
distributed and may be difficult to access. Climate and soil characteristics influence irrigation
requirements by conditioning the capacity of soil to absorb and store water as well as make it
available for plants. For instance, the need for irrigation is particularly high in water-stressed
areas, where evaporation is high and where rainwater and water stored in soil is not
sufficient to meet crop water requirements and become limiting factors for yields (EEA
2012b). In water-scarce areas, water withdrawals for irrigation are likely to exceed
sustainable thresholds of abstraction, therefore increasing the risk of water shortages or
scarcity, especially for downstream uses, and impacting ecosystems through the reduction of
environmental flows (Keys, Barron and Lannerstad 2012). Water withdrawals may have
significant impacts on the status of water bodies and water ecosystems, should they exceed
environmental flows. Furthermore, infrastructures developed for irrigation purposes (e.g.
concrete lined canals) disturb hydrological flows by modifying the volume of water that is
infiltrated into surrounding soils, in some cases by as much as 50% (Keys, Barron and
Lannerstad 2012). The main inefficiency in the use of water for irrigation is the occurrence of
water stress and lies in the facts that:

* Demand for irrigation exceeds water availability.
e Water withdrawal for irrigation exceeds water irrigation requirements.

The present section discusses possible reasons underlying these inefficiencies.
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From a demand perspective, the overall demand for irrigation is driven by the increasing
demand in food, feed and fibre and the intensification of production. The cultivation of water-
intensive crops such as maize, wheat, sugarcane, rice and cotton increases water
requirements for irrigation and contributes to 49% of global water scarcity (Pfister, et al.
2011). The high protein diet (see section 0), relying on products with high water virtual
content such as meat and dairy products, further contributes to the water footprint of
agriculture by boosting the production of feed. Irrigation allows increasing and/or securing
yields in the context of a changing climate, which is likely to exacerbate seasonal water
stress in some areas. This results in the expansion of cultivation of irrigated crops at the
expense of rain-fed agriculture (Keys, Barron and Lannerstad 2012).

Despite the development of more sustainable agricultural practices, irrigation is driven by the
culture of maximising agricultural productivity, which encourages increasing the use of inputs
as long as marginal gains can be achieved (water productivity increases significantly at low
yields and tends to stabilise at high yields (Keys, Barron and Lannerstad 2012). Soll
degradation through intensive agricultural practices may also contribute to reducing the
capacity of soil to naturally store water.

The expansion of irrigated areas may be further driven in certain Member States by the
rebound effects of technological improvements, such as increased irrigation efficiency, which
may cause either no change or an increase in water consumption. There does not seem to
be a consensus in the literature on this issue. For example, EEA (2012b) highlighted that
Garcia Molla (2002) reported that subsidised drip irrigation technologies in the Valencia
region of Spain did not lead to reduced application rates, while Candela et al. (2008) reported
a tripling of irrigation area following efficiency improvements.

Beyond behavioural, political and market drivers, the high demand of water for irrigation
purposes can also be explained by the significant volumes of water that can be lost between
the abstraction stage and the delivery to the crops, because of technological shortcomings
and lack of knowledge (EEA 2012b). Water losses depend on the performance of
technologies in irrigation conveyance on the one hand and in application on the other hand,
as well as human factors, such as the correct implementation of such technologies and type
of access to water for irrigation. Irrigation conveyance reflects how well an irrigation system
performs in transporting water to the plant roots. The types of pipes used significantly
influence water losses, through infiltration or evaporation.

Besides irrigation performance, the main limitations of the implementation of such systems
seem to be the lack of knowledge about such enhanced techniques and the lack of training
to maximise the benefits of such techniques. For instance, geographical areas dominated by
smallholder farming systems with little access to enhanced techniques generally experience
low water productivity (Keys, Barron and Lannerstad 2012). Research in Crete has also
revealed that the technical efficiency of some farmers using drip irrigation systems is low,
and that any installation of improved irrigation systems needs to be accompanied by advice
to farmers (EEA 2012b). The timing of supply for example can also significantly impact
losses (BIO Intelligence Service 2012).

From a supply perspective, overabstraction of water for agricultural purposes can first be
explained by shortcomings of water withdrawal licensing or permit procedures in some
Member States. The implementation of such permits may be impeded by a lack of
implementation of metering - although some EU Member States reported increasing
implementation in agriculture (EEA 2012b) - or by metering uncertainties. Combined with the
insufficient control of abstraction, this may lead to illegal abstractions.
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Water prices may also have a significant influence on water consumption, because they do
not reflect water scarcity or other environmental and resource costs (Dworak, et al.
2010)(EEA 2012b). However, water prices would not be a major driver of water inefficiencies
in agriculture because of the low price elasticity of the demand. Inefficiencies could be rather
linked to water policies and management plans as well as mode of governance (complex and
multilayered institutional and governance arrangements for water resources (OECD 2010)).

Figure 38 Drivers and causes of water stress and inefficient irrigation
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5.2.5 Nutrient and pesticides losses from crop production

Both fertilizers and plant protection products are used to increase yields (and profits), but
often excessive amounts are applied to crops and fields. Fertilizers supply nutrients such as
nitrogen (N), phosphorus (P) and potassium (K) that are essential for crops to grow.
However, if too much fertilizer is used - or if it is applied incorrectly — the nutrients are either
washed away or leached through soil into waterways. Fertilizer runoff causes eutrophication
and oxygen depletion in rivers, lakes and oceans. Pesticides are used to protect crops from
pests and diseases, but if they are over-applied or incorrectly applied they can result in toxic
air, water and soil pollution, which degrades ecosystems and causes biodiversity loss. The
inefficient uses of fertilizers and pesticides have similar drivers.

The use of fertilizers in excess is mainly caused by the low cost of energy and fertilizers
(especially phosphorus). It is also linked to the lack of knowledge of best practices to obtain
the desired yield while optimising the quantity of fertilizers used. Many farmers do not believe
that it is possible to reduce nitrogen input without decreasing yields. Applying high rates of
fertilizers can also induce an adverse effect. The application of fertilizers can result in a
decrease of soil fertility due to high losses of soil elements, inducing a decrease of the yield.
Hence, this creates a vicious circle since the depleted soil requires more fertilizers. Similarly,
the excessive use of pesticides can result in pests becoming resistance, which decreases
the efficiency of the pesticides used.
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Agricultural practices, in relation to climatic and soil conditions (Moncrief and Bloom 1999),
determine the efficient use of fertilizers since it influences the magnitude of nutrient losses
and the associated environmental impacts (Basset-Mens 2005). There are many practices
that cause nutrient losses. In addition to the quantity of fertilizer used, which can increase the
risk of leaching in case of excess (Czymmek, et al. 2005), the quality of fertilizers and in
particular its C:N ratio, must be chosen carefully in order to avoid excess of nitrogen and
leaching (Basset-Mens 2005). Tillage techniques drive soil aeration and thus will influence
GHG emissions (in the case of saturated soil) or ammonia emissions that cause acidification
(in the case of well-ventilated soil) (INRA 2012)(Alterra 2012). The spraying of pesticides
also increases the risk of pesticides drifting beyond the targeted crop area.

Inappropriate equipment is another factor contributing to inefficient fertilizer and pesticide
application and management. The high investment costs of equipment are the main cause
for use of inappropriate equipment.

Figure 39 Drivers and causes of nutrient and pesticides losses

CAUSES Low food prices
Demand for
DRIVERS higher yields Global supply
( . ) and profits chains
Excessive amounts
\ of fertiliser used ) Growing demand
Low costs for crops
INEFFICIENCY of fertilisers
( Agricultural ) N~ Low energy costs
Nutrientand ractices
pesticide P Inappropriate High investment
loss equipment costs

Depleted soils Lack of knowledge of

best practices

Soil erosion

Climate and soil
Resistant pests conditions

5.2.6 Other inefficiencies

While the inefficiencies discussed above represent some of the key areas for improving
resource efficiency related to food, there are many other areas of inefficiency that can be
mentioned:

¢ Other agricultural practices that lead to inefficient use of resources:

o Inefficient livestock management - livestock production represents 9% of
total GHG emissions in Europe (Leip, et al. 2010) mainly due to enteric
fermentation (i.e. methane emissions from cattle, sheep and goats) and
manure. Furthermore, livestock production is responsible for a third of the
nutrient loads of nitrogen and phosphorus in freshwater resources (Steinfeld,
et al. 2006). The magnitude of the impacts is linked to rearing management, in
particular inappropriate manure storage and management, feed choice and
excessive use of veterinary products (Audsley, et al. 2009). Regarding feed
choice, livestock retain between 23 to 45% of the nitrogen intake. Hence,
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adjusting feed according to growth stage or physiological condition could help
decrease excretions like nitrogen and thus emissions (Dourmad, Rigolot and
Jondreville 2009) by reducing protein content, increasing the digestibility of
nutrients, encouraging multiphase feeding and decreasing heavy metals
supplementation. Some of the reasons for these inefficiencies are lack of
knowledge of best practices, costs of special feed, and inappropriate
equipment and facilities for collecting and storing excrements. Intensive
livestock production may be efficient, but the concentration of animals can put
a severe load on local ecosystems.

o Land management — there is on-going debate regarding sustainable land
management, which of the two competing approa