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Abstract

Industry faces major challenges to handle the transition towards an economy with net-zero greenhouse gas
(GHG) emissions by 2050. Whilst there is a growing literature seeking to understand how this transition will
unfold, there is currently limited understanding of what the wider environmental impacts could be from the
transformation. Furthermore, there is little knowledge on the possible untapped potential of installations
within sectors covered by the Industrial Emissions Directive (IED) to contribute to the circular economy. The
objective of the study was to provide a first overview of the potential wider environmental impacts of the
transition of industry under the scope of the IED to a low carbon economy, and to get a better understanding
of the potential of IED plants to contribute to a circular economy. The study compiled information from both
literature and stakeholder consultations.

The results illustrate the variety in the type of technologies and their potential impact on GHG emission
reductions, covering both innovative and more established technologies. There are significant uncertainties in
terms of direct and indirect environmental impacts, often related to the maturity of the decarbonisation
technologies. The study concludes that many IED installations have made considerable progress in resource
efficiency and circular economy. There is, however, no “magic bullet” in the application of IED to further
improve circular material use by IED installations.
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Executive summary

The European Environment Agency (2019)", indicates that greenhouse gas (GHG) emissions in the EU
decreased in the majority of sectors between 1990 and 20172. Emission reductions for manufacturing
industries (particularly iron and steel production), and for electricity and heat production are amongst the
largest at aggregate level. However, the current reduction rate will not be sufficient to deliver the savings
needed to achieve the EU's 2030 reduction target (reducing GHG emissions to at least 55% below 1990
levels). Achieving the 2030 targets will require a focused effort across the EU and achieving the long-term
goals of even greater levels of decarbonisation (net-zero by 2050) will require faster rates of reduction than
those currently projected. Major changes will need to be made in the way industry consumes energy and
produces its products.

A portfolio of options to decarbonise industry is described in the literature, presenting a range of choices to
industry to reduce GHG emission (combinations of increased material and energy efficiency, greater material
recirculation, new production processes and carbon capture technologies). Changes can be expected in
processes or technologies and these changes will eventually require increased R&D, economic incentives,
transformation of value chains and development of infrastructure. Any such radical changes in industry
require careful examination of the wider environmental impacts, identifying any potential new environmental
challenges or opportunities for a successful transition.

To ensure the best pathways to decarbonisation are adopted, it is important to assess wider environmental
impact of available options. Some studies are available, such as LCA studies for a specific industrial process or
technology, or more general studies on the benefits of energy efficiency measures. There is, however, a gap
in knowledge of the expected impact when different decarbonisation pathways across different sectors are
combined. Limited information is also available on the wider environmental impacts of the available options.
Addressing this gap was a major focus of this study.

Installations under the scope of the Industrial Emissions Directive (Directive 2010/75/EU, IED) are considered
as important potential contributors to the circular economy. Some operate within the material flows of a
linear economy — consuming materials, producing products and waste. Reducing consumption and waste is
important ("resource efficiency”). However, other installations operate a circular model, where materials are
reused within the installation, or where they use secondary materials from other sources and produce by-
products instead of waste. Some of these material flows are in the control of the installation (e.g. technical
decisions), while some flows are dependent on other factors (market, legal, etc.). Linked to the issue of
circularity of resources is the concept of resource efficiency — using fewer materials and less energy in
production. However, while resource efficiency is essential for a greener economy, being resource efficient
alone does not necessarily deliver a circular economy — it could simply deliver a more efficient linear
economy. The relative emphasis on efficiency and circularity is important when considering the obligations in
implementing the IED and what operators and regulators should do and what they could do. There is little
knowledge on the possible untapped potential of IED installations to contribute to the circular economy.

The aim of the study was twofold:

February 2021
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e to provide an overview of the potential wider environmental impacts of the transition of the
industry under the scope of the IED to a low carbon, circular economy, based upon a review of
relevant literature; and

e to get a better understanding of the potential of IED plants to contribute to a circular economy.
The work was delivered through four project tasks:
e Task 1: Identification of relevant literature and summary of decarbonisation options.

e Task 2: Identification and assessment of the wider environmental impacts of the identified
technology pathways.

e Task 3: Delivery of stakeholder workshops.

e Task 4: Assessment of the potential contribution of IED installations to the circular economy.

Wider environmental impacts of industry decarbonisation

In order to identify and review existing literature that includes or generates data or information on the
transition pathways to effectively zero GHG emissions for industry sectors within the scope of the IED, the
following research questions were defined and addressed in the study:

e What are the decarbonisation pathways and technologies for each IED sector?
e What are the wider environmental impacts of the technologies? In particular:

» What are the direct non-GHG emission-related impacts (emissions to air, water, soil, energy
and resource use, and waste generation)?

» Are there any indirect environmental impacts associated with the decarbonisation
technologies (linked to the energy source, or other stages of the entire value chain)?

e Are technologies ready for deployment?

e Whatis the level of decarbonisation achieved?

e Are decarbonisation pathways technologically feasible?

e What are the barriers to the deployment of technologies?

The induced risks of accident were not included in the scope of the assessment of the environmental
impacts. It is generally assumed that the decarbonisation options have been or will be deployed following a
risk analysis.

The information was identified through (i) literature review, (ii) interviews with industry experts, and (iii)
stakeholder workshops.

Within the data compiled and assessed, several information gaps were expected and identified, related to the
decarbonisation options applied in IED sectors/activities and to the wider environmental impacts of these
options (both direct and indirect). Efforts have been made to fill these gaps via consultation of experts in
interviews, expert judgement by the project team and through the delivery of the workshops. Three online
webinars were delivered in October 2020, each focussed on a specific sector or group of industrial activities
(Production and processing of metals; Mineral industry; and Chemical industry). The discussions with the
experts informed the assessment and conclusions drawn, and focussed on:

() the identification of decarbonisation options, and

(i) their wider environmental impacts.
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The webinars brought together experts from the European Commission, industry, NGOs, governments and
academic experts. Around 25-45 experts participated in each webinar.

Data gaps were mainly linked to the low maturity of most of the decarbonisation options and the consequent
lack of evidence on the wider environmental impacts. Depending on the data availability a semi-quantitative
assessment was performed within the study to show the scale of the impacts using the following scoring
system:

e '+ Positive environmental impact;

e ’'-': Negative environmental impact;

I

° ": Positive or negative environmental impact (depending on certain conditions);
e 0 no effect;
e 2 unknown effect

The study provides a detailed overview of the decarbonisation options, grouped by sector, under the scope
of the IED. The main options, their level of readiness (Technology Readiness Level - TRL)? and potential for
GHG emissions reduction (qualitatively presented as low/medium/high) are summarised in the figure below.
Some of the categories presented in the figure refer to a single technology with potentially high implications
for the sector (e.g. low carbon ammonia production or the direct reduction of iron ore using hydrogen),
whilst others in this figure combine several technologies, such as the valorisation of CO; in the chemical
industry or the system optimisation options in the various IED sectors.

February 2021
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Figure ES.1 Main identified decarbonisation options, their TRL and GHG emission reduction potential
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There is a high variety in the type of technologies and their potential impact on GHG emission
reductions. When referring to decarbonisation, reference in literature as well as by stakeholders was made to
either the high level pathways, such as green hydrogen or carbon capture and use, whilst in other instances
reference was provided to well-established practices, such as energy efficiency measures, insulation of
equipment, or combustion optimisation. Not only is there a big difference in terms of the potential impact on
GHG emissions between those types of options, but the timeline for uptake of these measures is also
completely different. Many of the more high level pathways are often still in the early stages of development,
with TRLs below 5 or 6. This often implies that (i) information on these, likely promising, options, is more
scarce, (ii) their application at an industrial scale, and if relevant, to other activities than those currently being
tested, has not been proven, and (iii) the time for uptake of these options is still uncertain and will require
further evidence. The study attempted to capture the entire spectrum of measures, however, with a focus on
those technologies leading to the highest impact in the longer term.

There are clear differences in options available between industrial sectors. In sectors such as iron and steel or
the production of organic chemicals, innovative process technology changes are available, potentially leading
to a step change in terms of GHG emissions from those activities by 2050. This is somewhat reflected by the
various decarbonisation roadmaps produced for those sectors with the highest potential for future, more
innovative technologies, such as cement, metals processing and the chemical industry. This is different from
activities where the majority of GHG emissions are not related to process emissions, but rather originate from
the combustion of fossil fuels for the generation of energy for the processes. In these examples, such as
many of the food production or the pulp and paper production activities, the potential for further reduction
of GHG emissions is very much reliant on the continued decarbonisation of the energy sector, both on site
and off site. The number of options available for these sources of emissions are smaller compared to the
process related sources, though could have a high potential for further reduction of GHG emissions. Many
industries have already taken steps to reduce these emissions, for example by the use of renewable energy
sources, switching to electricity driven processes and recovery of energy (heat).
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Apart from some process (and activity) specific decarbonisation options, there are several important themes
or pathways applicable to many sectors which are expected to contribute to a significant decrease in GHG
emissions by 2050. These options have been categorised in the study as ‘cross-cutting technologies’ and
cover options such as fuel switching (biomass, hydrogen), electrification and carbon capture technologies. It
is important to note that the implementation of some of these options is somewhat out of the control of the
operators of IED installations. In particular, industrial symbiosis, which requires multiple sites to collaborate in
order to exchange resources (including waste, by-products, energy, etc.), involves improvements and
decisions at many levels, including planning, regulatory framework, transport/logistics. Similarly, evolutions in
segments of products value chains, other than those under the scope of the IED, could potentially drive or
necessitate changes in the production process with an impact on the associated GHG emissions of
production. Such changes, important regarding the decarbonisation of the industry, are not always controlled
by individual sites.

Regarding the wider direct environmental impacts of the identified decarbonisation options, overall the
deployment of decarbonisation options would have a positive direct impact on air emissions, particularly
of NOx and SOx. Only certain technologies might lead to an increase of certain pollutants, for example, the
use of biomass as feedstock in energy industries is associated with an increase of NOx and NH3z but a
decrease of unburned hydrocarbons and CO emissions. Nevertheless, uncertainties exist in relation to
certain decarbonisation options where emissions are subject to the specific characteristics of the
technologies and the process. This is particularly relevant for certain renewable energies, namely biomass
and hydrogen. Specifically, air emissions resulting from the combustion of biomass differ depending on the
purity and composition of the biomass. Furthermore, emissions to air related to hydrogen production
depend largely on the source used for the generation of electricity and the associated emissions. The same
applies to technologies that involve electrification of processes.

The risks associated with the contamination of water and soil deriving from conventional technologies
in general are also reduced with the introduction of decarbonisation technologies. This is achieved mainly
through the reduction of atmospheric pollutant emissions and therefore reduction of pollutant deposition
that is caused through the pollution of the precipitation that falls into water bodies and soils. In certain cases
the technologies might generate additional impacts on water (e.g. eutrophication from hydropower facilities)
or increased water use (e.g. for washing in SOLPART).

The decarbonisation options are also linked to a reduction of energy use and to improvements in energy
efficiency. In most cases the decarbonisation achieved is a direct result of improvements in energy
performance. However, certain exceptions exist, for example in the use of power to-liquid as alternative
feedstock, hydrogen production through electrolysis, or the use of carbon capture technologies.

Resource savings can be achieved mainly when waste is used as an alternative fuel (presuming there are no
other treatment options) or feedstock. Nevertheless, these savings mostly refer to the reductions of raw
materials directly in the process (e.g. as a fuel) without considering additional infrastructure for the
deployment of these technologies. For example, the use of hydrogen can lead to a significant reduction of
fossil fuel use but in parallel, the development of the required infrastructure may need additional resources
(e.g. for additional pipes).

The indirect impacts relate mainly to the production or transportation of alternative fuels and feedstock but
also to the whole value chain involved in the manufacturing process of the technologies. In relation to the
alternative fuels and feedstock the impacts might be higher compared to the conventional materials (e.g. for
the transportation of hydrogen through pipes or trucks). The same also applies for the manufacturing of
certain technologies such as windmills that might require more material and land per MW. Nevertheless, such
impacts are expected to be reduced as the technologies are advancing and the effectiveness of the required
logistics are improving. In addition, impacts associated with the transportation of biomass are greater than
those from conventional fuels, as biomass is less energy dense and has to be collected from dispersed
locations. More land is needed if raw biomass is used instead of waste unless if the comparison is done
against the use of coal or shale gas that also require a large size of land for the extraction and production
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processes. Similarly, in relation to CCS, negative environmental impacts are associated with the development
of energy infrastructure or with the extraction and transport of additional fossil fuels.

An overview of the assessment of the wider environmental impacts for the main decarbonisation options, as
presented in Figure ES.1, is provided in the figure below, for all sectors and environmental aspects under the
scope of the study.

Figure ES.2 Assessment of the wider environmental impacts for the main decarbonisation options and their
potential for GHG emissions reductions across all sectors and environmental aspects under the scope of the
study

*“ghjlu 1n ﬂmn
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Potential contribution of IED installations to the circular economy

The methodology was based around two types of information gathering: a literature review and 25 interviews
with stakeholders (industry, Member States officials (including competent authorities), NGOs and
academic/research specialists). The literature review focused on recent material, including recent BREF
developments and material supplied by interviewees. The study takes account of an earlier 2019 report on
“IED Contribution to the Circular Economy” undertaken for the Commission by Ricardo and Vito. The study
does not seek to replicate this earlier, and much larger, project, but takes account of its findings.

It was agreed not to include the waste sector in the scope of the study as, while it is a critical sector for
operation of the circular economy, its relationship to material inputs and outputs is quite different to other
industrial sectors using materials and producing products. Also sectors such as the rearing of pigs and
poultry and slaughterhouses were excluded as their operations are highly constrained on health/hygiene
grounds and much of the material that they do use and produce is renewable. In conclusion, 13 major and
contrasting industry sectors were included in the analysis*. The study included relevant material uses and
outputs by installations. Water reuse, however, was not included in the study as this is conceptually different
to most other materials, being both renewable and the relevance of which being highly dependent on
whether installations are in water rich or water scarce areas.

It was concluded that many IED installations have made considerable progress in resource efficiency and the
circular economy, reducing waste production and increasing use of secondary raw materials. There is little
untapped potential for further reduction in waste generated by many installations (there are some exceptions
highlighted in the study), as waste disposal is expensive and operators will seek to avoid this. However, some
efforts to improve waste quality could promote more circularity by facilitating material recovery.

IED operators do not control the supply of secondary materials in the wider economy to feed into their
installations and are typically keen to use more. For this to happen, two conditions need to be met — the
material must be of a minimum quality and the price must be competitive compared to virgin materials.
There may be potential for IED operators to take more life-cycle considerations into account when
developing materials supply strategies. This could include consideration of material recovery rather than
energy recovery of non-renewable materials. Other sustainability considerations could also be integrated into
operators parameters used for selecting supply materials.

The IED itself has not been a significant driver in these developments due to range of important legal and
market constraints and opportunities that lie outside of the scope of the instrument. However, IED has
helped to facilitate them through the flexible provisions in the directive. IED currently refers to resource
efficiency in several articles. If it were to be amended, these could refer to circular material use to help
support operators and regulators to deliver the circular economy.

There is no “magic bullet” in the application or development of IED (such as an amendment in the directive, a
type of BAT, etc.) to improve circular material use by IED installations. Many other factors strongly determine
the performance of installations with respect to circular material use (and these should be addressed by
within other policy areas where possible). Implementing the IED with regard to the circular economy requires
operators and regulators to consider increasingly complex information, such as understanding material
markets and to think beyond the specific limits of the directive. Some competent authorities are doing this,
but it would be a challenge for smaller authorities with limited capacity.
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Whilst information provided in BREFs and guidance documents is useful and largely recognised, circular
economy improvements require operator decisions that are adapted to the specific circumstances of the
plant. Thus, a one size fits all approach in BREFs is unlikely to be generally effective (except maybe in very
clear and documented issues) or appropriate (as market fluctuations occur). For most issues, allowing
flexibility on how operators can improve circularity is likely to be more effective, e.g. as part of the operators’
Environmental Management System that could include a plan to increase the circularity of materials for the
installation (inputs, outputs, opportunities, constraints, etc.). . This would be usefully supported by a dialogue
between the operator and the permitting authorities.

There are many constraints (and some opportunities) in other areas of EU law and policy (waste, chemicals,
food, products, etc.). Some of these areas are under review. Further, there are national policy developments
that are both positively and negatively affecting the use of secondary raw material (SRM) and use of waste
from installations. Ensuring integrated policy making to support the circular economy will be important if IED
installations are to maximise their role in using secondary materials and reducing waste.
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1. Introduction

1.1. Purpose of this report

This is the final report for the study on “Wider environmental impacts of industry decarbonisation” (specific
contract No 070201/2019/814817/ENV.C.4 implementing Framework Contract No. ENV.C.4/FRA/2015/0042
(service request 21)).

Wood E&IS GmbH (hereafter '‘Wood’), with support from the Institute for European Environmental Policy
(IEEP) and Deloitte, have been contracted with the aim to provide insights into the potential wider
environmental impacts of the transition of the industry under the scope of the Directive 2010/75/EU on
industrial emissions (IED)° to a low carbon, circular economy, based upon a review of relevant literature.

This final report presents the approach and results of the project.

1.2. Structure of the report

The sections below provide the approach and findings of each of the project tasks, as follows:
e Section 2 provides the context and objectives of the project;

e Section 3 presents the process for the identification of decarbonisation options as well as
findings on the assessment of wider environmental impacts of the decarbonisation options
(Tasks 1, 2 and 3); and

e Section 4 provides the results of an assessment of the impacts of the circular economy on IED
installations (Task 4).
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2. Project objectives and context

2.1. Project objectives

The project has two main objectives®, which have been addressed in this report, i.e.:

e The first objective was to provide a clear picture of the potential wider environmental impacts
of the transition of the industry under the scope of the Directive 2010/75/EU on industrial
emissions (IED) to a low carbon, circular economy, based upon a review of relevant literature
(section 3).

e The second aim was to get a better understanding of the potential of IED plants to contribute
to a circular economy (section 4).

An introduction to both project objectives, providing context to the findings of the project, is presented in
the sections below, covering industry decarbonisation (section 2.2, related to objective 1) and the
contribution of the IED to the circular economy (section 2.3, related to objective 2).

2.2. Industry decarbonisation

2.2.1. Introduction

In the 2015 Paris Agreement, all parties, including the EU Member States, agreed to limit global temperature
rise to 2°C and to pursue efforts to keep it to 1.5°C. In line with the Paris Agreement, the EU has the ambition
to become the first climate-neutral bloc in the world by 2050, an economy with net-zero greenhouse gas
(GHG) emissions, as reflected in the European Green Deal’. The vision for a climate-neutral EU was set out by
the European Commission in 2018, which looks at all the key sectors and explores pathways for the
transition.

As part of the European Green Deal, the Commission proposed (in March 2020) the first European Climate
Law which sets the 2050 target (binding target of net zero GHG emissions by 2050). The Climate Law also
addresses the pathway to get to the 2050 target, including a proposal for a new 2030 target for GHG
emission reductions? (raising the EU's ambition on reducing GHG emissions to at least 55% below 1990 levels
by 2030 - compared to the existing target of at least 40%) and the setting of a 2030-2050 EU-wide trajectory
for GHG emission reductions, to measure progress and give predictability to public authorities, businesses
and citizens.

The focus of this project is the industry sectors under the scope of Directive 2010/75/EU on industrial
emissions (IED). The IED was adopted in 2010 and aims at achieving a high level of protection of human
health and the environment by reducing harmful industrial emissions. The IED applies a general permitting
framework for activities falling within its scope (Annex | activities) which includes: energy industries,
production and processing of metals, mineral industries, the chemicals industry, waste management and
other activities. The industry sectors are composed of many diverse subsectors, each with their own

February 2021
Doc Ref. 42312 Final Report

6 Terms of reference: https://circabc.europa.eu/w/browse/39928fd6-dcea-4fbc-b798-70e816bdecb0
7 COM(2019) 640 final
82030 Climate Target Plan: https://ec.europa.eu/clima/policies/eu-climate-action/2030 ctp en

March 2021 o0
Doc Ref. 42312 Final Report


https://circabc.europa.eu/w/browse/39928fd6-dcea-4fbc-b798-70e816bdecb0
https://ec.europa.eu/clima/policies/eu-climate-action/2030_ctp_en

@ © Wood E&IS GmbH WOOd.

particularities: end products and processes with different energy and material needs resulting in different
types, mixture, volumes, and concentration of industrial emissions containing GHGs.

The sections below provide an overview of the GHG emissions resulting from the industrial sectors and
activities (section 2.2.2) and an introduction to the decarbonisation pathways and efforts required in these
sectors (section 2.2.3). The aim of these sections is to set the context for the identification of decarbonisation
options by presenting the share and origin of GHG emissions in each sector.

2.2.2. GHG emissions from the energy and industry sectors

The European Environment Agency (2020)° reported that the total GHG emissions from the European
industry and energy sectors (EU-28) were at a level of 2,195 Mt CO-equivalents in 2017 (excluding the
extractive industry). The split per sector and activity is presented in Table 2.1 (absolute values) and Figure 2.1
(relative share).

Table 2.1 Level of GHG emissions (CO;-eq) per industry sector in 2017 (EEA, 2020)

Sector (EEA) GHG emissions in 2017
(Mt COz-eq)
Energy supply (incl. refineries, electricity and heat production) 1,179.30
Ferrous metal industry 166.69
Non-ferrous metal industry 15.32
Mineral (non-metallic) industry 198.75
Chemical industry 135.15
Waste management (incl. treatment, incineration and landfill) 111.87
Waste water treatment 27.00
Total (industry sectors, excl. extractive industry) 2,195.05
Extractive industry 86.24
Non-industry (incl. transport, residential, commercial, agriculture. LULUFC, 2,039.82
other)
Total (all sectors) 4,321.10
February 2021
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Figure 2.1 Share of GHG emissions (CO;-eq) per industry sector in 2017 (EEA, 2020)
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The majority of the GHG emissions from the energy sector originate from thermal power stations and other
combustion installations, followed by emissions from oil and gas refineries. Within the mineral industry
(non-metallic minerals), the bulk of the GHG emissions originate from the production of cement and lime.
The production of iron and steel, metal ore roasting, and sintering installations are responsible for the
majority of the GHG emissions in the sector of production and processing of metals (ferrous and non-
ferrous metals). In the chemical sector, process related GHG emissions (i.e. emissions from
reactions/processes other than combustion) mainly originate from the production of organic chemicals,
inorganic chemicals and the production of fertilisers (phosphorous-, nitrogen- or potassium-based).

Emissions of carbon dioxide (CO;) make up the majority of the GHG emissions in the energy and industry
sectors, originating from the combustion of fossil fuels (generation of heat or electricity) or as process related
emissions. The energy sector and industrial activities can also lead to emissions of non-CO, GHG emissions,
such as methane (CHa), polyfluorocarbons (PFCs), nitrous oxide (N2O) or hydro-fluorocarbons (HFCs),
resulting from chemical reactions in the production and processing of materials.

GHG emissions from the industrial activities can be split into direct and indirect emissions. Direct GHG
emissions are those originating at the installation, whilst indirect GHG emissions are those occurring off site,
for example associated with the use of electricity in the installation (combustion of fossil fuels at power
plants), or with the extraction of materials.

A more detailed overview of the GHG emissions resulting from each industry sector is provided in the
paragraphs below.

Energy industries

The categories of activities in the energy industries under the scope of the IED (Annex I), include:
e Combustion of fuels in installations with a total rated thermal input of 50 MW or more;
e Refining of mineral oil and gas;
e Production of coke; and

e Gasification or liquefaction of (a) coal and (b) other fuels in installations with a total rated
thermal input of 20 MW or more.
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According to the data from the European Pollutant Release and Transfer Register (E-PRTR), the energy
industries accounted for 1,176 Mt of CO, emissions in 2017'%, with the majority of CO, emissions (87%) from
thermal power stations and other combustion installations, followed by mineral oil and gas refineries (11.5%).
Furthermore, a total amount of 98.3 kt of methane emissions was reported in 2017 for the energy sector, as
well as levels of N2O emissions (22.4 kt). The GHGs are released during the combustion and during handling
of fossil fuels (fugitive emissions of natural gas).

The energy mix in the EU has changed over recent decades and is expected to experience a further
transition towards 2030 and 2050, with a move increasingly towards renewable energy sources. In most
European countries, a coal phase-out is set to take place between 2025 and 2038, with natural gas being
considered as a transitional fuel. The Gross Inland Energy Consumption in the EU was 1,675 Mtoe in 2017", a
value that has been relatively stable since 1990. According to this data, there was a rise of over 200% in
renewable energy and 34% in natural gas (mainly to the detriment of coal) during the period between 1990
and 2017.

Figure 2.2 EU Gross inland energy consumption by fuel, EU-28, 1990-2017 (after: ETIP Sent, 2020)
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The production of coke in the EU occurs by processing low-ash, low sulphur bituminous coal at high
temperatures (1200-1300°C). The necessary heat is provided by external combustion of fuels and recovered
gases. Similarly, refining of oil and gas is an energy-intensive process. Fuels most often used in refineries
include fuel gas, catalyst coke, natural gas and fuel oil. The combustion of fuels in boilers and furnaces,
hydrogen production, catalyst regeneration, and other process equipment and reactions makes up the oil
refining sector carbon footprint2.
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T ETIP Sent (2020). Flexible Power Generation in a Decarbonised Europe: https://www.etip-snet.eu/new-white-paper-
flexible-power-generation-decarbonised-europe/

12 WSP and DNV GL (2015). Industrial Decarbonisation & Energy Efficiency Roadmaps to 2050 - Oil refining:
https://www.gov.uk/government/publications/industrial-decarbonisation-and-energy-efficiency-roadmaps-to-2050
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Production and processing of metals

The metals sector consists of metal production facilities that smelt, refine, and/or cast ferrous and non-
ferrous metals from ore, pig iron, or scrap using electrometallurgical and other methods.

The categories of activities as part of production and processing of metals under the scope of the IED (Annex
), include:

e Metal ore (including sulphide ore) roasting or sintering;

e Production of pig iron or steel (primary or secondary fusion) including continuous casting, with
a capacity exceeding 2,5 tonnes per hour;

e Processing of ferrous metals:
o (a) operation of hot-rolling mills with a capacity exceeding 20 tonnes of crude steel per hour;

o (b) operation of smitheries with hammers the energy of which exceeds 50 kilojoule per
hammer, where the calorific power used exceeds 20 MW,

o (c) application of protective fused metal coats with an input exceeding 2 tonnes of crude
steel per hour.

e Operation of ferrous metal foundries with a production capacity exceeding 20 tonnes per day;
e Processing of non-ferrous metals:

o (a) production of non-ferrous crude metals from ore, concentrates or secondary raw
materials by metallurgical, chemical or electrolytic processes;

o (b) melting, including the alloyage, of non-ferrous metals, including recovered products and
operation of non-ferrous metal foundries, with a melting capacity exceeding 4 tonnes per
day for lead and cadmium or 20 tonnes per day for all other metals.

e Surface treatment of metals or plastic materials using an electrolytic or chemical process where
the volume of the treatment vats exceeds 30 m?.

According to data from E-PRTR, the production and processing of metals accounted for 130 Mt of CO;
emissions in 20173, with the majority of CO, emissions (63%) from the production of pig iron or steel,
followed by metal ore roasting or sintering (11.4%); processing of ferrous metals (11.3%); production of non-
ferrous metals (7.2%); and surface treatment of metals or plastic materials (5.9%).

The largest sources of GHG emissions from the production and processing of metals, and from iron and steel
production in particular, are the process-related CO; emissions from the use of fossil fuels (mainly coke and
coal) as reducing agents for the reduction of iron ore; the direct emissions from on-site combustion of fossil
fuels; and the indirect emissions from electricity consumed during the production process. The use of energy
carriers™ in the sector is dominated by coal and coke followed by the use of natural gas, coke oven gas and
purchased electricity as energy sources. Waste gases, such as CO, CH4 and Hy, can be recovered and reused,
in the production process and for electricity generation.
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In general, the production and processing of non-ferrous metals is highly electro-intensive (indirect
emissions), with direct CO, emissions resulting from fossil fuel and coke input as well as from the carbon
(roasting and smelting). Manufacturing of primary aluminium utilises a carbon anode in the smelting (Hall-
Héroult) process. The carbon is consumed during the electrolytic process and, therefore, a constant supply is
required for the smelting process. Similarly, during copper anode production, direct CO, emissions occur due
to fossil fuel input. The European ferro-alloy and silicon production process is electro-intensive, with carbon
used in the process for its chemical properties (not for its energy content).

In the production process of primary aluminium, during the electrolysis stage, there is also a potential for
emissions of polyfluorocarbons (PFCs) in connection with anode effects (in addition to carbon emissions). The
amount of PFCs generated is directly linked to the frequency and the duration of anode effects and to the
overvoltage reached. PFC emissions have reduced from 22.8 to 0.4 Mt between 1990 and 2015, due to
better process management (avoiding flaring in aluminium cell pots) and flue gas treatment.

Mineral industry

The mineral industry covers the production of cement, lime, magnesium oxide, asbestos (and asbestos-based
products), glass (including glass fibre), ceramic products and the melting of mineral substances.

The categories of activities in the mineral industry under the scope of the IED (Annex ), include:
e Production of cement, lime and magnesium oxide:

o (a) production of cement clinker in rotary kilns with a production capacity exceeding 500
tonnes per day or in other kilns with a production capacity exceeding 50 tonnes per day;

o (b) production of lime in kilns with a production capacity exceeding 50 tonnes per day;

o () production of magnesium oxide in kilns with a production capacity exceeding 50 tonnes
per day.

e Production of asbestos or the manufacture of asbestos-based products;
e Manufacture of glass including glass fibre with a melting capacity exceeding 20 tonnes per day;

e Melting mineral substances including the production of mineral fibres with a melting capacity
exceeding 20 tonnes per day;

e Manufacture of ceramic products by firing, in particular roofing tiles, bricks, refractory bricks,
tiles, stoneware or porcelain with a production capacity exceeding 75 tonnes per day and/or
with a kiln capacity exceeding 4 m? and with a setting density per kiln exceeding 300 kg/m?>.

The majority of the industry's GHG emissions are CO; emissions, which accounted for 147.6 Mt of CO;
emissions (8.7% of the total CO, emissions from industry and energy sectors) in 20177, split per activity as
follows (CO; emissions in 2017 — relative % to the total sector emissions):

e Production of cement clinker or lime in rotary kilns or other furnaces: 138.3 Mt (93.7%);

e Manufacture of glass, including glass fibre: 8.3 Mt (5.6%);
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e Melting mineral substances, including the production of mineral fibres 0.5 Mt (0.3%); and
e Manufacture of ceramic products, including tiles, bricks, stoneware or porcelain: 0.5 Mt (0.3%).

The cement-making process can be divided into two main steps. Firstly, clinker is made in a kiln, which
heats raw materials such as limestone with small quantities of other materials to approximately 1,450°C using
fossil and non-fossil fuels. During this process, the CO; is disassociated from the limestone allowing the
calcium oxide to react with alumina, silica and iron minerals (calcination). Secondly, clinker is ground with
gypsum and other materials to produce cement powder. The calcination process gives rise to approximately
60-65% of total CO, emissions'”. The remainder of emissions arise from combustion of fossil fuel and non-
biomass waste fuel, transport and indirect emissions from electricity consumption.

For the manufacturing of lime, a rotary kiln is used in which limestone (calcium and/or magnesium
carbonates) is burnt at a temperature of between 900 and 1200 °C, which is sufficiently high to liberate
carbon dioxide, and to obtain the derived oxide. The calcium oxide product from the kiln is generally
crushed, milled and/or screened before being conveyed to silo storage. From the silo, the burned lime is
either delivered to the end user for use in the form of quicklime or transferred to a hydrating plant where it is
reacted with water to produce hydrated or slaked lime',

Glass manufacturing starts by melting glass. Glass melting requires raw materials (different types of sand
and minerals or recycled glass), which are mixed together and charged in a furnace where they are melted at
ca. 1,500°C. The molten glass is then taken out of the furnace to be shaped and cooled down, and possibly
further processed to have specific properties. During this manufacturing process, CO, emissions arise from
the combustion of fossil fuels (natural gas or oil) in the furnace, and by the chemical decomposition of
carbonate components in the raw materials.

Ceramic manufacturing processes all involve firing the ceramic material to a temperature to instigate
chemical and physical changes that develop the final properties of the product, including bonding to form a
rigid matrix. Firing requires raw materials (e.g. clay, sand, other natural or synthesised materials), to be
prepared and formed according to various processes (which vary by subsector), before being heated in a kiln
to temperatures between 900°C and 2750°C. The fired product is then cooled and taken out of the kiln and
possibly further processed with additional coating and firing steps or machining to produce the end product.
During these manufacturing processes, direct CO, emissions arise from the combustion of fossil fuels in the
kilns, the chemical decomposition of carbonate minerals and the combustion of organic material in the raw
materials.

Chemical industry

The chemical industry covers a wide range of diverse processes, ranging from complex continuous processes
making large-volume basic chemicals to smaller scale batch processes producing speciality chemicals and
pharmaceuticals. Many chemical sites operate multiple different (or separate) processes which are linked
together to carry out a number of sequential steps to convert raw materials (feedstock) into products.

The categories of activities in the chemical industry under the scope of the IED (Annex ), include:

e Production of organic chemicals;
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e Production of inorganic chemicals;

e Production of phosphorous-, nitrogen- or potassium-based fertilisers (simple or compound
fertilisers);

e Production of plant protection products or of biocides;
e Production of pharmaceutical products including intermediates; and
e Production of explosives.

Material transfer, reaction, separation and recycling processes in the chemical industry all require energy
which is provided as heat or electricity. Heat is needed to provide the high temperatures necessary for many
reactions and separations (e.g. distillation), while electricity is used to drive pump motors, compressors,
chillers, etc. Some chemical reactions are exothermic (i.e. they generate excess heat) and this heat is often
captured through heat recovery for use elsewhere in the process. A range of technologies are used to deliver
heat to chemical processes. The most widespread is the use of steam at a variety of different pressures.
Steam is generated in boilers which are fired by natural gas or other fuels, or by heat recovery techniques.
Furnaces are also used to provide heat directly in some processes where very high temperatures are required,
for example in the cracking stage of olefin production.

GHG emissions from the chemical industry originate either directly from chemical process plants, or indirectly
from the use of electricity generated off site. Direct emissions can be further divided into combustion
emissions (e.g. related to burning fuel in boilers) and process emissions (where a greenhouse gas is produced
as a by-product of the chemical reaction). The ammonia and hydrogen processes, which make CO as a by-
product, are responsible for the majority of the process emissions from the sector.

According to data from the E-PRTR', the chemical industry, in 2017, accounted for 109.9 Mt of carbon
dioxide (CO,) emissions, 8,309 t of methane (CH4) emissions, 17,840 t of nitrous oxide (N.O) emissions and
556 t of hydrofluorocarbons (HFCs) emissions. The relative share of emissions from each subsector is shown
in Figure 2.3.
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Figure 2.3 Relative share of CO,, CHy4, N2O and HFCs emissions per activity of the chemical industry in 2017
(E-PRTR, EU-28)
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Waste management and other activities

In this section, IED Annex | activities 5 (waste management) and 6 (other activities) are combined. Waste
management includes the activities of waste treatment (biological and physico-chemical treatment), waste
(co-)incineration and landfills. As part of the other activities, the project focussed on the energy intensive
sectors of pulp and paper making; production of food and drink; and the intensive rearing of poultry or pigs
(NB: these and other IED Annex | activities are also indirectly covered by some of the so-called cross cutting
decarbonisation technologies in this report).

Waste management includes activities such as collection, transfer, pre-treatment, treatment (biological,
mechanical, physico-chemical) and landfilling. Furthermore, thermal treatment is used to degrade waste in
incinerators. Waste incinerators are equipped with energy recovery systems, enabling electricity and / or heat
generation. According to the E-PRTR data, waste and waste water management emitted in 2017 (EU-28) 82.0
Mt CO; (78% from incineration of non-hazardous waste), 862.6 kt CH4 (92% from landfills) and 4.6 kt N.O
(50% from incineration). Direct GHG emissions occur from process or equipment such as the combustion
installations, landfills (fugitive emissions), transport etc. Methane can be released from landfill sites, waste
water treatment and from incineration of waste, when biodegradable waste decomposes anaerobically.
Landfills are one of the main GHG emissions sources in the waste management sector. Disposal of waste in
landfills generates landfill gas, due to waste decay. This landfill gas is mainly composed of CO, and CH, (as
well as trace elements such as Ny, O, H.S, CO, NHj3, Hy, VOCQ). Carbon dioxide comes from the aerobic
decomposition of organic components in waste, with methane coming from anaerobic decomposition (EPE,
2013). Certain waste treatment activities generate energy (electricity and heat) as a by-product and/or
contribute to the re-use of materials or fuels.

According to the E-PRTR data, pulp and paper production accounted in 2017 (EU-28) for 80.6 Mt CO», and
3.3 kt N2O. Primary energy use and CO, emission from the pulp and paper production process are mainly
associated with the production of pulp (mechanical and chemical pulping or dissolving recycled paper),
drying (cast-iron cylinders, heated to a temperature in excess of 100 °C), coating and finishing. According to
CEPI (2013), drying the paper web is an important energy-consuming process in paper mills leading to
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around 60% of the CO, emissions from the papermaking process. Over recent decades, the recycling rate of
paper in Europe has increased substantially from an average of 40% in 1991 to 72.5% in 2016 (ICF, 2019).
Recycled fibres are used for pulp production, which has a significantly lower specific energy need compared
to pulp production from virgin fibres. Compared to other energy-intensive industries, the pulp and paper
sector only generates energy-related but no process-related emissions and the industry’s demand for steam
is quite flexible in terms of the energy carrier used for its production. Further research is ongoing on
sustainable paper production technologies and the industry noted in its 2050 roadmap that breakthrough
technologies would be needed by 2030 to achieve the targets (CEPI, 2017)%°.

The food processing industry is very heterogeneous (in terms of size of companies, raw materials, products
and processes), manufacturing a highly diverse range of food and drink products. The industry consists of
subsectors such as the production and processing of animal feed, fruit and vegetables, dairy products, sugar,
meat processing, etc. The main processing techniques and operations applied throughout the sector include
materials reception and preparation, size reduction, mixing and forming, separation techniques, product
processing technologies, heat processing, concentration by heat, chilling and freezing, post-processing
operations, and utility processes (BEIS, 2015; EC, 2019). According to the E-PRTR data, the production of food
and beverage products accounted in 2017 (EU-28) for a total of 9.2 Mt CO, emissions. The manufacturing
processes require electrical and thermal energy for most of the steps. Electricity is needed for lighting,
process control of the installation, heating, refrigeration and as the driving power for machinery (supplied
and/or generated on site). Thermal energy is needed for heating processes in production lines and buildings
and is generated by the combustion of fossil fuels (steam, hot water, air or thermal oil). The main sources of
GHG emissions relate to the use of energy (direct CO, emissions from burning fossil fuels and indirect
emissions from grid electricity). Other GHG food processing emissions can originate from sources such as
leaking refrigerants, methane from effluent treatment and process CO; from fermentation.

Intensive livestock farming or the intensive rearing of poultry and pigs, include activities such as animal
housing, handling of feed, processing and storage of manure and other associated activities (waste water
treatment, residue treatment etc). The main GHGs emitted from these activities are CO,, CH4 and N-O.
Emissions of CO, result from direct energy consumption in the running of the installations, i.e. mainly heating
and ventilation, but also for lighting, feeding, manure handling and energy for distribution. Energy sources
depend on the type of installation and location, but typically can include electricity, gas or fuel oil. The main
measures applied in poultry and pig housing systems for reducing energy consumption consist of the control
of heaters for the rearing of young livestock, the insulation of buildings, control of ventilation and artificial
lighting systems. Emissions of CH4 and N,O can arise from animal housing, storage and processing of
manure. According to the E-PRTR data, installations for the intensive rearing of poultry and pigs emitted in
2017 (EU-28) a total of 37.8 kt CH4 and 1.3 kt N,O.The amount of CH4 generated by a specific manure
management system is affected by the extent of anaerobic conditions present, the temperature of the
system, and the retention time of organic material in the system. Most of the nitrous oxide in livestock
systems occurs through the microbiological transformation of nitrogen (EC, 2017).

2.2.3. Reduction of GHG emissions and decarbonisation pathways

The European Environment Agency (EEA) annual GHG inventory report (2019)?", indicates that GHG emissions
in the EU decreased in the majority of sectors between 1990 and 201722, Emission reductions for
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20 CEPI, 2017. Investing in Europe for Industry Transformation2050 Roadmap to a low-carbon bioeconomy
21 EEA Annual European Union greenhouse gas inventory 1990-2017 and inventory report 2019.

22 With the notable exception of transport, including international transport, and refrigeration and air conditioning.
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manufacturing industries (particularly iron and steel production), electricity and heat production are amongst
the largest at aggregate level. However, the current reduction rate will not be sufficient to deliver the savings
needed to achieve the EU's 2030 reduction target®? (reducing GHG emissions to at least 55% below 1990
levels by 2030)?*. Achieving the 2030 targets will require a focused effort across the EU and achieving the
long-term goals of even greater levels of decarbonisation will require faster rates of reduction than those
currently projected. Major changes will need to be made in the way industry consumes energy and produces
its products.

At European level, a number of policies have been adopted in recent years to achieve mid- and long-

term- reductions in GHG emissions. In 2018, the European Commission published a strategic long-term
vision for a climate-neutral economy by 20502°. The in-depth analysis accompanying this vision?® describes
how climate neutrality could be achieved by 2050, rendering GHG emissions net zero, including land use,
land use change and forestry (LULUCF) contributions as well as negative emissions technology, e.g. in the
form of bioenergy combined with carbon capture and storage (CCS)?’. In total, the in-depth- analysis
describes eight separate scenarios that would contribute to achieving long-term reductions in emissions. The
assumptions taken into account in these scenarios are presented in Figure 2.4.
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2 Commission proposal (September 2020) to raise the 2030 GHG emission reduction target to at least 55% compared to 1990 — as part
of the 2030 Climate Target Plan.

24 The European Parliament is calling for a reduction of 60% in 2030 and for an interim target for 2040 to be proposed by the
Commission following an impact assessment (to ensure the EU is on track to reach its 2050 target). Source:
https://www.europarl.europa.eu/news/en/headlines/priorities/climate-change/20201002IPR8843 1/eu-climate-law-meps-want-to-
increase-2030-emissions-reduction-target-to-60

%5 Communication from the Commission to the European Parliament, the European Council, the Council, the European Economic and
Social Committee and the Committee of the Regions and the European Investment Bank — A clean planet for all: a European strategic
long-term vision for a prosperous, modern, competitive and climate neutral economy (COM(2018) 773 final).

%6 |n-depth analysis in support of the Commission Communication COM(2018) 773: A clean planet for all — a European long-term
strategic vision for a prosperous, modern, competitive and climate neutral economy, European Commission
(https://ec.europa.eu/clima/sites/clima/files/docs/pages/com 2018 733 analysis in support en 0.pdf).

27T EEA, 2019. Trends and projections in Europe 2019, Tracking progress towards Europe's climate and energy targets. EEA report No
15/2019. https.//www.eea.europa.eu/publications/trends-and-projections-in-europe-1
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Figure 2.4  The assumptions taken into account in the eight long-term vision scenarios (after EC, 2018)%¢

Long Term Strategy Options
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As stated in the European Green Deal?®, energy-intensive industries, such as steel production, production of
chemicals and cement manufacture, are indispensable to Europe’s economy, as they supply several key value
chains. The decarbonisation and modernisation of this sector is essential. The Commission’s in-depth
analysis?® in support of the long-term vision for a prosperous, modern, competitive and climate neutral
economy indicates that there is a plethora of deep decarbonisation options for industry, but no single silver
bullet for all subsectors.

A portfolio of options to decarbonise industry is described in the literature, presenting a range of choices to
industry to reduce GHG emission (combinations of increased material and energy efficiency, greater material
recirculation, new production processes and carbon capture technologies). However, studies also indicate
that comprehensive assessments are ideally conducted in order to capture the likely impacts from
decarbonisation. Changes can be expected in processes or technologies and these changes will eventually
require increased R&D, economic incentives, transformation of value chains and development of
infrastructure. Any such radical changes in industry require careful examination of the wider environmental
impacts, identifying any potential new environmental challenges or opportunities for a successful transition.

To ensure the best pathways to decarbonisation are adopted, it is important to assess wider environmental
impact of available options. Some studies are available, such as LCA studies for a specific industrial process or
technology, or more general studies on the benefits of energy efficiency measures. There is, however, a gap
in knowledge of the expected impact when different decarbonisation pathways across different sectors are
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combined. Limited information is also available on the wider environmental impacts of the available options.
Addressing this gap is a major focus of this study.

2.3. The contribution of the IED to the circular economy

IED installations are important potential contributors to the circular economy. Some operate within a linear
economy — consuming materials, producing products and waste. If the materials in the products and waste
are not brought back into the economy, this is a linear model. However, IED installations also operate a
circular model, where materials are reused within the installation, or where they used secondary materials
from other sources and produce by-products instead of waste. Some of these material flows are in the
control of the installation (e.g. technical decisions), while some flows are dependent on other factors (such as
market and legal requirements).

Linked to the issue of circularity of resources is the concept of resource efficiency — using fewer materials and
less energy in production, etc. However, while resource efficiency is essential for a greener economy, being
resource efficient alone does not necessarily deliver a circular economy — it could simply deliver a more
efficient linear economy.

The relative emphasis on efficiency and circularity is important when considering the obligations in
implementing the IED and what operators and regulators should do and what they could do.

In relation to the fundamental objectives of the IED, it is important to stress that resource (and energy)
efficiency has been a key objective since the IPPC Directive was adopted in 1996. Resource efficiency,
however, did not have the focus of attention in the early years of implementation which it might have had
(attention, not surprisingly, focused on pollution reduction, and corresponding BAT and BAT-AELs, etc.). The
specific objective of circularity of materials is not explicit within the IED. It may now be viewed as part of the
primary objective of the directive — protection of the environment as a whole. However, the regulatory
requirements do not focus on the circularity of material leaving an installation — neither the products
(addressed under other legislation) nor waste (where the emphasis is ensuring appropriate waste
management, rather than on waste quality leading to future end-of-waste or potentially production of
alternative by-products). This is not to say that there are no regulatory decisions that deliver these outcomes
(there are), nor that IED somehow prevents such decision-making (it does not), but that it does not oblige
operators to do this.

The project Terms of Reference (ToR) highlights the recent report commissioned by The Commission (DG
ENV) on the "IED Contribution to the Circular Economy” delivered by Ricardo and Vito (2019). This is a
starting point for work within this project (although there are several other studies exploring different aspects
of resource use in |IED, value chains and BAT, etc, which will be taken fully into account in this support
contract). It is important, therefore, to note the key contributions and limitations in this study (see text box
below).
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IED Contribution to the Circular Economy (Ricardo/VITO study for DG ENV, 2019) - key contributions and
limitations

First of all, the report focused heavily on energy and resource efficiency. As noted above, these are key elements
within a functioning circular economy, but are not themselves “circular”.

Related, but different, is the emphasis on waste reduction. Waste reduction may reflect resource efficiency (e.g. being
less wasteful) (so being more efficient, but still linear), or it may reflect a change in how unwanted material is
managed (e.g. generating by-products, or reuse within the installation, etc.). This would be a circular outcome.
However, it is difficult to determine from the report what circular changes are occurring.

Further, where such changes are occurring, it is unclear why they are happening. What is driving waste reduction?
Understanding this is essential to determining the potential for future change and, therefore, the answer to the key
question of this part of the present support contract — what is the potential of IED to contribute to the circular
economy?

A further important area examined is that of hazardous chemicals use. The report explores the extent of such
chemical use, how this varies across installation categories and how it is addressed in BREFs. However, the emphasis is
on reducing the use of such chemicals. While this is important, not least in contributing to the current EU ambition for
zero-pollution, a key issue for the circular economy is the presence of such chemicals in by-products or in waste (so
affecting waste processing, end-of-waste determination, etc.). This is a key issue within the current examination of the
relationship between EU chemicals and waste legislation. The quantity of waste (above) is important, but so is its
quality, if IED installations are to contribute to the circular economy. Reducing the presence of such chemicals in
waste may be delivered by reducing their use but may also be delivered by process changes.

The report also explores industrial symbiosis. The Ricardo and Vito report uses the definition of Marian Chertow in
that industrial symbiosis “engages traditionally separate industries in a collective approach to competitive advantage
involving physical exchange of materials, energy, water and by-products. The keys to industrial symbiosis are
collaboration and the synergistic possibilities offered by geographic proximity”. This is a particular example of circular
behaviour by installations and is important to examine. The final point of the definition is key, in that it is focuses on
geographic proximity and broader relationships between IED (and non-IED) installations may occur for material
exchange that are not geographically close. However, the more complex examples of industrial symbiosis may include
IED and non-IED activities and this can raise questions about the limits of what is required under IED and/or the
flexibilities of its regulatory framework. This is not addressed in the report but is important if one is exploring the
potential of IED installations to contribute to the circular economy.

A different, though related area to industrial symbiosis is where movement of material may take place through a
chain of two or more businesses when these are not necessarily located in the same industrial zone. Regulators may
have different rules when material is shipped to another operator in another region. This presents challenges as to
what is in a permit for the original site operation, what requirements may be placed on the materials that are moved,
whether links can be made with the permit conditions of a receiving operator and, also, how much can be included in
any formal contractual arrangements between operators. This is not addressed in the report but is important as
movement of material some distance from an installation would be more common than movement in co-located
activities.

In exploring the different issues, the report focuses mainly on the performance of IED installation (e.g. waste
from different categories of installation) and on how relevant issues (usually energy and resource efficiency)
are addressed in the BREFs. The exception was in considering industrial symbiosis, which is a very case-
specific activity. While looking at installations as a whole is important (e.g. in understanding total quantities
of material flows), to understand the potential of IED installations to contribute to the circular economy it is
also important to consider front runners (or similar), where circular practices are taking place, as this shows
both potential and limitations (physical, technical, regulatory, etc.). The Ricardo report i