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Definition and acronyms

Acronyms
BECCS
CAPEX
CBAM
CCuUs
ccfb
CO.
T&S
CPS
DPA
ETS

Ell

ETS

EVU

H:

ICC
IEA
LCH
NZHF
OPEX
Oo&M
RET

RE CfD
SDE++

PU

Definitions

Bioenergy with carbon capture and storage
Capital Expenditure

Carbon Border Adjustment Mechanism
Carbon Capture Utilisation and Storage
Carbon Contracts for Difference

Carbon Dioxide

Transport and Storage

Carbon Pricing Signal

Dispatchment Power Agreement
Emissions Trading System
Energy-Intensive Industry

Emissions Trading System

European Union

Hydrogen

Integrated Carbon Capture

International Energy Agency

Low-Carbon Hydrogen

Net Zero Hydrogen Fund

Operational Expenditure

Ownership and Management

Renewable Energy Technologies
Renewable Energy Contract for Difference
Sustainable Energy Transition Incentive Scheme
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1. Introduction

Mitigation of greenhouse gases (GHG) emissions has become one of the century’s most
challenging targets. Most of the conventional mitigation technology options are well
established and carry an acceptable level of managed risk (e.g., solar and wind renewable
energy technologies, fuel switching, energy-efficiency gains, and nuclear power).
Decarbonisation through the supporting of renewable energy deployment and its further
electrification developments should remain prioritised (Fawzy et al, 2020). While
conventional mitigation options represent a promising road to accomplishing the Paris
Agreement goals, there is not a single and ultimate solution to tackle climate change. All
technologies and approaches -if technically, economically, and socially viable- are tools
to keep global warming below 1.5C (see review in Fawzy et al, 2020).

In transforming the current systems and economic sectors responsible for the
adverse effects of anthropogenic climate change, the industry sector is increasingly
gaining attention within the climate scientific debates (see discussionsin Ahman et al, 2017;
Nilsson et al,, 2020, 2021). It is widely recognised that having ambitious decarbonisation
targets accomplished, as contained in the Paris Agreement, the European Green Deal in the
EU, and the Ten Point Plan for a Green Industrial Revolution in the UK, requires placing
transformative efforts from all the different industries at the national and global scales
(Nilsson et al, 2021). For instance, Energy-intensive industries (Ell) carry a decarbonisation
burden due to their observable polluting and high emissions nature (Mazzanti & Rizzo, 2017).
More specifically, industries like iron, steel, cement, and chemicals are generally considered
hard to abate. Replacement alternatives for the Ell are not omnipresent yet as compared
to, for instance, fuel switching, i.e. coal replacements to generate electricity.

Energy-intensive industries, such as iron and steel, cement, and chemicals, have
inherently high emissions intensity due to their production processes, which currently
heavily rely on fossil fuels. To mention one example, Europe’s decarbonisation burden of the
steel and iron industries is equal to 5% of the total European Carbon Dioxide (CO,) emissions
from all sectors (Nilsson et al, 2021). Decarbonising these processes while maintaining
competitiveness of the industries poses a significant challenge. Observing options to
reduce sectoral emissions and exploring technological solutions to abate emissions are
examples of challenges faced in this context.

As discussed by the Intergovernmental Panel on Climate Change (IPCC) and in the
scientific debate, 'to fall under all 1.5C scenarios the industry sector is required to reduce 58
to 93% of CO, emissions by 2050 (compared to 2010 levels for developed countries)’ (Nilsson
et al 2021, p. 2). The European Scientific Advisory Board on Climate Change recommends to
aim for higher mitigation targets at the EU and non-EU levels (European Scientific Advisory
Board on Climate Change, 2023).

To support such decarbonisation, different technological approaches have been
discussed in the policy and research arenas (CATF, 2021; European Commission, 2023d;
Madurai Elavarasan et al,, 2022). The potential of mitigation technologies, per se, should not
be seen as the panacea to transform industries into a net zero emissions sectors. As above
mentioned, mitigation technology requires to be accompanied by its supportive business
models, societal acceptance, and policy instruments.
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In the context of industrial decarbonisation, technological innovations, such as
Carbon Capture, Utilisation and Storage (CCUS), are indispensable technological options
to align with the Paris Agreement (IEA, 2020). In the EU, the compromises as adopted in the
Paris Agreement and the European Green Deal (including the EU Climate Law and further
legislation under the Fit for 55 package to increase renewable energy and climate targets
for 2030) note on the role of CCUS technologies that they are ‘an important part of the EU
decarbonisation effort’ (European Commission, 2023a).

The European Commission sees CCUS as a strategic technology, among other
mitigation technology options (European Commission, 2023a). To align with the Paris
Agreement, Europe will need Carbon Capture and Storage (CCS) to achieve a 55%
reduction in emissions by 2030. To arrive at a 1.5°C global target scenario', Europe needs to
arrive at a ‘median CO, abated by CCS is 230-430 MtCO,/yr in 2030, increasing to 930-1200
MtCO,/yr by 2050’ (ZEP, 2020). However, the role Carbon Capture and Utilisation (CCU) will
play in industrial decarbonisation by 2030 deservers further policy attention (ZEP, 2020).

CCUS might not be commercially ready in all markets and for all industries until
2030. This observation is coined by the International Energy Agency (IEA) as the level of
maturity disconnect between technologies and applications (IEA, 2020). The portrait of
global CCUS developments reveals the need for significant advancements in several
technologies currently at the prototype or demonstration technology readiness level (TRL
4-7). In the coming decade, noteworthy roles are anticipated for chemical absorption in
gas-fired power generation, cement and chemicals production, bioenergy with carbon
capture and storage (BECCS), as well as CO, capture from iron and steel manufacturing.
However, these applications require a focused effort on research, development, and
deployment in the near term to fully realise their potential (IEA, 2020).

Adopting particular technological approaches to decarbonise the industry comes
hand in hand with specific challenges. CCUS, in particular, comes with uncertainties related
to high upfront investments, the absence of revenue models, technological lock-in, the risk
of carbon leakage, the liability of CO, captured, risks associated with failing to achieve
emissions reduction targets, and the availability of effective policy instruments to support
its adoption (see discussions in Janipour et al (forthcoming)? and Nilsson et al (2021)).

To this end, policy becomes the entry point of this research shedding light on the
availability of policy instruments and their characteristics that incentivise industrial
decarbonisation by means of CCUS. When aiming to adopt innovative climate technology,
its supporting policy instruments might not be intentionally designed to support industrial
decarbonisation. Specific ‘decarbonisation policy’ instruments might not be in place yet,
either. Therefore, this report sheds light on the readiness of policies supporting the
decarbonisation of energy-intensive industries. It places particular attention at informing
policy strategies for CCUS deployment in the EU and the UK.

1 Scenarios as developed in the Review of CCS and CCU in future EU decarbonisation scenarios (October 2020),
by UCL Energy Institute for the SET-Plan CCUS Implementation Plan.

2Jomipour et al (forthcoming). Business model framework to adoption of CCUS in energy-intensive industrial
clusters.
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Aligned with the WP5 objective of the C4U Project, this report aims at identifying and
analysing existing public policy options to address the needs and concerns of stakeholders
in line with an engaging narrative for CCUS. The report contributes to the C4U Project with a
comparative analysis of industrial CCUS policy instrumentation in the five selected
countries.

This report provides answers to the following key research question:

How ready is the European industrial CCUS policy instrumentation to decarbonise the Ell?

In particular, two questions are worth addressing within this scope:

i.  What European policies help address the industrial decarbonisation targets
towards 2030?

i. How equipped are policy instruments to support the decarbonisation of Ell in
Europe?

In the context of the renewed interest in CCUS on the European Commission’s agenda and
the expected policy and legislative activities in industrial carbon management, addressing
these questions and providing relevant policy recommendations is of utmost importance.
The upcoming new legislative cycle in the EU offers new opportunities not only to conduct
a readiness check for achieving the 2030 targets but also to prepare the 2040 intermediary
targets.

This report is structured as follows. Section 2 presents the methodology followed by this
report. Section 3 provides results from the a multi-criteria analysis (MCA) and the case
studies conducted. Section 4 provides concluding discussions to this report.

PU Page 7 1.0

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 884418



c‘u

2. Approach: activities carried out

2.1. Multi-Criteria Analysis & Case Studies

To identify and evaluate different policy options to decarbonise the industry by means of
CCUS, this report employs qualitative Multi-Criteria Analysis (MCA) of policy instruments
and a case study approach to analyse countries and their respective policy instruments.
The ‘Policy Instrument’ is the unit of analysis for each country’s case. In this study, we
observe how different CCUS policy instruments support the industrial decarbonisation of
the Ell in each analysed country.

Identifying, Characterising, Shortlisting, and Evaluating policy
instruments: towards a Multi-Criteria Analysis

To provide guidance and structure to conduct the MCA, the researchers followed the
recommendations and methodological steps as developed in the literature (Heinrich
Blechinger & Shah, 2011; Konidari & Mavrakis, 2007):

1. Identify country-cases of interest,

2. Identify current Policy Instruments in the selected countries,
3. Develop a set of Policy Instruments evaluation criteria,

4. Weight the evaluation criteria (no weights),

5. Conduct the MCA of the Policy Instruments per country.

Step 1. Identify country-cases of interest: Transformative Policy Instruments to
decarbonise the industry

This study is equipped by a case-study approach to provide a portrait of the state of
climate policy for industry and policy instruments for supporting industrial decarbonisation.
Through five case studies, the authors identified and analysed the content of European and
national-level policy documents. The cases pursued the objectives and research questions
listed in the Introduction.

To identify country cases of interest, this report took into consideration a) the scope
of the C4U project and b) the relevance of the EEl in specific countries. This report
considered cases that are characteristic for being well represented in the top 10 emitting
countries in Europe in the cement, chemicals, and iron and steel industries in 2020. Spain is
the second largest emitter of cement production related emissions. Belgium, the UK, the
Netherlands, and Spain rank as top emitters in chemicals production related emissions. The
UK, Belgium, and Sweden rank as top emitters in iron and steel production related emissions
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(EEA, 2021). As a result, five European case-studies on the status quo of policy
instrumentation have been selected:

1.
2.
3.
4
5

Belgium

The Netherlands
Spain

Sweden

The United Kingdom

Step 2. Identify current Policies and Policy Instruments
To identify various policies and policy instrument options for the case studies, the following
data collection tools were employed:

a)

b)

c)

Literature Review of policy documents covering the last 17 years of policy-related
publications for industrial decarbonisation. It reviewed policy documents from the
fields of climate, industry, energy, and decarbonisation at both the EU and national
levels until reaching a point of data saturation. This method aimed to shed light on
various policies for industrial decarbonisation EU-wide and with a particular interest
in the steel, iron, cement, and chemicals industries.

a. Earlier deliverables in WP5 were also analysed an utilised as part of the

literature review, these include:

i. D5.l. Towards a CO2-neutral steel industry: Justice aspects of CO2
capture and storage, biomass- and green hydrogen-based emission
reductions (Swennenhuis et al., 2022); and

ii. Db5.2.Interim, internal report on interview results feeding into Task 5.3.2
and Task 5.3.3.

One round of 38 semi-structured interviews with stakeholders contributing to
industrial decarbonisation from the country-cases. The interviewees were selected
from a range of stakeholders across i) potential industrial receptors of
decarbonisation policy instruments, ii) technology & infrastructure developers that
are eligible or receptive to policy instruments, iii) research institutes, and iv) policy
and decision-makers related to decarbonisation policy (see list of interviewees in
Table 1). The interviews took place online from September 2022 until January 2023.

Personal communications with experts contributing to the knowledge of industrial
decarbonisation and CCUS. Communications took place in person and online, in an
informal setting, from September 2022 until December 2022. Communications were
not recorded nor transcribed.

Interviews and personal communications methods aimed to elaborate on:

PU

i. a potential portfolio of policy instruments supporting industrial
decarbonisation by means of CCUS for the Ell at each country case,
and
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ii. informing the MCA to evaluate policy instruments in each policy

country case.

Table I. List of interviews conducted per country

Number of interviews per

Country
country

Belgium 8
The Netherlands 12
Spain 7
Sweden 5
The UK 6
Total 38

Step 3. Develop a set of Policy Instruments evaluation criteria

The main objective of this report is to determine whether the selected industrial policy
instruments are effectively designed to bring about industrial decarbonisation, by means
of CCUS, in the way a country produces high-emissions commodities (iron, steel, chemicals,
and cement) and reduces the CO; it emits. The following criteria are used to assess the
identified policy instruments supporting industrial decarbonisation: Environmental
Effectiveness, Economic Effectiveness, Distributional & Equity effects, Co-benefits & side-
effects, Institutional requirements, and Transformative potential. Table 2 presents the list of
criteria and their description.

Developing and implementing effective policy instruments need to take into
consideration their environmental and economic effectiveness. On the one hand, reducing
CO; emissions is the primary objective of mitigation policies. On the other hand, such
policies need to consider the effectiveness between their economic costs and benefits. It is
very likely that such costs and benefits of (applying) policy instruments are not distributed
equally among different societal groups or sectors (see Zachmann et al. 2018), for example
among the public purse, the industry, consumers, or taxpayers (Baranzini et al, 2017). This
unequal distribution has implications on the wide fairness of an instrument in terms of what
groups or sectors carry the burden of the instrument and who harvests its benefits.
Moreover, mitigation policy instruments might also have co-benefits or negative side-
effects, additional to their primary objectives, on other policies and their objectives. To
guarantee that these instruments are effectively designed and set in place, institutional
prerequisites are required. Such prerequisites might include the implementation of
institutions and mechanisms to monitor actions and the enforcement in case of non-
compliance. Effective mitigation policy instruments are ultimately aimed to enable
transformation in the current system. Transformative potential strives for providing
momentum to change emissions trajectories in the future, or facilitate technologies,
practices or products with far lower emissions -breaking through systemic regimes (IPCC,
2022).

PU Page 10 1.0

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 884418



c‘u

Table 2: Criterion description

Criterion Description & Guidance

Environmental The extent to which policy options can be expected to achieve the

effectiveness mitigation objectives. Consider that environmental effectiveness has
temporal and spatial dimensions (where and when).

Economic The extent to which policy options can be expected to achieve the

effectiveness mitigation objectives of the policy minimising costs and maximising
benefits.

Distributional & Who carries the costs or burden and harvests the benefits of a specific
Equity effects instrument.

Co-benefits & The extent to which climate change mitigation policies can have
side-effects effects on another objectives.

Institutional The extent to which effective measures are in place to implement and
requirements monitor initiatives, emissions, and enforcement of compliance.
Such requirements might include the implementation of policies, policy
instruments, or mechanisms to monitor actions, emissions, and the
enforcement in case of non-compliance.
Transformative The extent to which a policy instrument has the potential to change
potential emissions trajectories in the future, or facilitate technologies, practices
or products with far lower emissions.

Step 4. Weight the evaluation criteria: Equal weights

In the European context, where industrial decarbonisation and its supporting policy
instruments are emerging, it is rather complex having a strong preference from the
decision-makers about the ideal policy instruments needed to support CCUS and their
characteristics. Therefore, an equal weights approach is employed in this study since it
does not weight Policy Instruments with any higher or lower level of importance.

Step 5. Conduct the MCA of the selected Policy Instruments

After a set of policy instruments is identified, the aim is to evaluate each Policy Instrument
against all criteria. Each of the five cases is first individually analysed and drafted into a
qualitative case study.

The data collected at Step 2 from the interviews was triangulated with a document analysis
of decarbonisation roadmaps, assessment reports, and policy documents (from the
literature review). Researchers used data collected from the interviews and document
analyses to inform their MCA’s judgements for each case study. The evaluation of Policy
Instruments per case study has taken into account the different perceptions of the
discussed policy instruments in the selected countries, which were gained during the
interviews.
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3. Results: Industrial CCUS Policy in the EU+UK

This section discusses the key findings of this report. First, Section 3.1 provides an overview
of the current policies dedicated to industrial decarbonisation in the EU+UK. Second, 3.2
offers the results of the MCA of industrial CCUS policy instrumentation cases and uncovers
policy gaps that hinder progress in the decarbonisation of energy intensive industries. Third,
Section 3.3 provides an analysis of industrial CCUS policy cases and uncovers policy gaps
that hinder progress in industrial decarbonisation.

3.1. How has the EU addressed policy to
decarbonise the Energy-Intensive Industry?

The EU has adopted various policies and measures aimed at reducing GHG emissions from
energy-intensive industries. This section delves into the key EU strategies, policy
instruments, and initiatives that have been put in place to support the transformation of
energy-intensive sectors while promoting economic growth and innovation.

Relevant EU-level industrial and climate policy
The EU has committed to achieve climate neutrality, including net-zero GHG emissions, by
2050. This objective is at the heart of the European Green Deal adopted in 2019 and in line
with the EU's commitment to global climate action under the Paris Agreement. The
commitment to reach Net-Zero by 2050 is a legal obligation enshrined in the European
Climate Law adopted in 2021. The European Green Deal is an example of EU-level multi-
sectorial policy strategy. Clean energy, sustainable industry, and a globally competitive
and resilient industry are some of the key pillars relevant to industrial decarbonisation.
Steaming out from the Green Deal, in 2021 the Fit for 55 package expanded EU’'s ambitions
to increase its emissions reduction targets to 55% by 2030 (becoming law in 2022). This
legislative package is supported by 16 main pillars to achieve the 55% goal. The pillars are
(European Parliament, 2021):

e EU emissions trading system

e Carbon border adjustment mechanism

¢ Member states’ emissions reduction targets

e Emissions and removals from land use, land use change and forestry

e CO; emission standards for cars and vans

e Sustainable aviation fuels

e Greener fuels in shipping

¢ Reducing methane emissions in the energy sector

e Sustainable aviation fuels

e Alternative fuels infrastructure

e Social climate fund

e Renewable energy
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e Energy efficiency

e Energy performance of buildings

e Hydrogen and decarbonised gas market package
e Energy taxation

The European 2020 Industrial Strategy comes to help accelerating the green and digital
transitions of the EU industry, with 5 directions proposed. Two of them are relevant for the
EEI: 1) an analysis of the steel sector ‘to ensure a clean and competitive steel industry’, and
2) guaranteeing the access to ‘abundant, accessible and affordable decarbonised energy’
(European Commission, 2023c). The 2020 Industrial Strategy, however, was quickly
overtaken by events, which led to the development of further political strategies in the
context of the pandemic and energy crisis. The US turn towards interventionist industrial
policy with its Inflation Reduction Act which finally triggered a fully rekindled strategy.

The Green Deal Industrial Plan underscored the importance to adapt economies to
the green-digital transition and to help reducing strategic dependencies. With this plan, the
EU hopes to accelerate the net-zero transformation of industry and put Europe on the road
to climate neutrality (European Commission, 2023g). The Green Deal Industrial Plan
supports the transition to climate neutrality by enhancing the competitiveness of Europe's
net-zero industry. In March 2023, three of its key legislative proposals were presented: the
European Critical Raw Materials Act, the Net-Zero Industry Act and the reform of the
electricity market design. These will support the Green Deal Industrial Plan by helping create
a simpler and more predictable regulatory environment for clean technologies (European
Commission, 2023d).

Net-Zero Industry Act (NZIA) aims to scale up the manufacturing of technologies which
are key to achieve climate-neutrality (European Commission, 2023e). The Act shalll
streamline the regulatory framework governing the production of mitigation technologies
in Europe. Moreover, it will expedite the capacity to sequester CO, emissions. Presently, the
EU operates as a net importer of various net-zero technologies and components.
Nevertheless, it possesses the potential and assets necessary to ascend as a pioneering
force in this burgeoning market (European Commission, 2023e). The aim is to attain or
exceed, in totality, an aggregated minimum of 40% of the annual deployment requirements
for strategic net-zero technologies manufactured within the EU by 2030 (e.g. solar panels,
batteries and electrolysers, and CCS). More specifically, it proposes to accelerate CCS
deployment by attempting to resolve the so-called ‘chicken-and-the egg’ dilemma by
setting an ‘EU objective to reach an annual 50 Mt CO; injection capacity in strategic CO;
storage sites in the EU by 2030, with proportional contributions from EU oil and gas
producers’ (European Commission, 2023e). In addition, CCS (without the U?) is listed as a
"strategic net-zero technology” in the proposal, thereby making it eligible for intensified
forms of financial and regulatory support. The NZIA proposal is going through the EU's

% See 'Joint letter calling for the recognition of Carbon Capture and Utilisation (CCU) as strategic net
zero technologies in the EU Net Zero Industry Act'. It notes the ‘U industry’s interest in being included
as a ‘strategic net-zero technology’. (Find letter in (Bellona Europa, 2023)).
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legislative process as of September 2023 and may therefore still change considerably
before becoming law.

A provisional* deal on the Renewable Energy Directive, sealed by the Council and the
Parliament in March 2023, set inter alia a target to increase the use of renewable energy by
industry annually by 1.6%. As well, 42% of the hydrogen used in industry should come
from renewable fuels of non-biological origin (RFNBOs) by 2030 and 60% by 2035 (European
Council, 2023).

To stimulate a net-zero emissions reductions target in the EU, policies and instruments are
required to support not only the adoption of decarbonisation technologies, but also the
research, demonstration and roll-out of these technologies (including CCUS in industrial
clusters). Policies and policy instruments currently available come from the EU-level and
Member State-level.

Various EU Funding Tools for CCUS, among others, are categorised according to
technological development levels. These are research, demonstration, and the roll-out of
infrastructure (as visualised in the Figure 1 below).

Roll-out
Infrastrucuture

. Connecting
Horizon Europe Facility
Europe

Innovation Modernisation
Fund Fund

Research Demonstration

Partnerships Cohesion
Funding

R
Figure 1: European R&l funding streams for low-carbon technologies, including CCUS [Source: (CCUS
SET-PLAN, 2021)].

These policies target different stages of the CCUS value chain, as well as different stages of
technological development. What is missing is the policies that specifically target further
deployment, while CCUS technology is not yet commercially competitive. This type of
support is provided through state aid at the Member State level.

4 The Council formally endorsed the final text on 16 June 2023. An ITRE committee voted on the
provisional agreement ion 28 June, endorsing the deal, while a plenary vote took place in September
2023, where the Parlioment backed the increased target.
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EU Emissions Trading Scheme: Free Allowances vs Competitiveness and a Just
Transitions challenge

The EU Emissions Trading System (ETS), also known as the ‘cap and trade’ principle, is a key
pillar of the European policy aimed at reducing carbon emissions. It applies to all EU
Member States and operates through the trading of emission permits. The limited
availability of permits creates a carbon price for a tonne of CO, emitted. Companies
covered by the ETS system are required to monitor and report their GHG emissions.

The challenge is to achieve reductions in industrial GHG emissions, while maintaining
competitiveness in the EU single market and ensuring a transition that leaves no one
behind.

Figure 2 below shows the evolution of historical allowances and GHG in the EU-27 (from alll
industrial installations, from 2005-2021). The European industry is a hard-to-decarbonise
sector. One of the additional and attributable reasons to such difficulty to decarbonise is
the EU ETS free allowances scheme which often cushions industrial emissions practices.
From 2005 to 2017 and in 2020, freely allocated emissions had a surplus against the total
amount of industrial verified emissions. Only in the years of 2018, 2019, and 2021, verified
emissions exceeded freely allocated emissions.

In Belgium, the Netherlands, Spain, Sweden, and the United Kingdom, emissions from all
industrial installations have not significantly decreased during the 2010s (see Figure 3).
Freely allocated emissions have partly contributed to such trend (consider the case of
Belgium and Sweden as not having outstanding variations in their emissions).

To make this challenge even more complex, decarbonising the industry should not come
at the cost of competitiveness, leading to carbon leakage. Strengthening the resilience of
the EU single market while accelerating the greening of industrial processes is one of the
premises of industrial decarbonisation. On a similar note, the same phenomenon
necessitates that processes of decarbonisation include a just transition dimension (see
discussions in (Europeon Commission, 2023f; ILO, 2021; UNDP, 2022). Greening the economy,
including the industrial sector, needs to guarantee that such transition is fair and inclusive
for all. It involves replacing the carbon-based economy with greener economic sectors
fostering a climate-neutral economy (ILO, 2021).

Is the EU, and its ETS, in a good track to decarbonise the industry during the 2020s? The
Article 10b(1) of Directive 2003/87/EC establishing a system for greenhouse gas emission
allowance trading within the EU, considers the EEl as a ‘highly exposed sector’ and therefore
included in the ‘the carbon leakage list'. This typology makes the EEl eligible to receive 100%
of its emissions allowances for free from 2021 to 2030 (Official Journal of the European
Union, 2019). The 4" Phase of the EU ETS sends the signal to the European industry of
cushioning 100% of its emissions allowances for free®. On a similar note, carbon leakage risk

5 During the 4™ phase, 'To safeguard the competitiveness of industries covered by the EU ETS, the production from
sectors and sub-sectors deemed to be exposed to a significant risk of carbon leakage receives a higher, or 100%,
share of free allowances compared to the other industrial installations.” ‘Highly exposed sectors are placed on
the carbon leakage list and will receive allowances equivalent to 100% of the relevant benchmark for free.
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is managed in the UK by giving a portion of the carbon allowance for free to vulnerable
sectors (free allocation). UK ETS authorities have committed to maintaining the current level
of free quotas for the industrial sector until 2026 (further consultations will take place later
in 2023) (Department of Energy Security & Net Zero UK, 2023).

The discussed EU-level policy instruments are important for supporting CCUS in Europe, as
they provide financial and regulatory support for the development of these technologies
and could incentivise the creation of low-carbon industrial clusters. While this policy
framework Is fairly comprehensive, Europe requires additional instruments not only at the
EU level but at the national level, in particular for technology deployment beyond
demonstration. When observing various European policy instruments, a notorious gap is
identified as explored further. How ready is the European industrial CCUS policy
instrumentation to decarbonise the EIl?

‘the final carbon leakage list identifies 63 sectors and sub-sectors (covering about 96% of industrial emissions)".
‘Sectors and subsectors which, pursuant to Article 10b of Directive 2003/87/EC, are deemed to be at risk of carbon
leakage’ (European Commission, 2023b).
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3.2. How equipped are industrial CCUS policy
instruments to support the decarbonisation
of Ell in Europe?

Multi-Criteria Analyses

The visualisations in Figures 4-8 provide an overview of the selected policy instruments in
place to support industrial decarbonisation in Belgium, the Netherlands, Spain, Sweden, and
the United Kingdom. The following visualisations contain the results of the MCA’s conducted
for each case and highlight the crucial criteria and instruments to be further considered.
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A Moderate Belgian mix
In the intricate tapestry of Belgian governance, a complex web of domestic layers weaves

a unique narrative. Belgium, comprising the regions of Flanders, Brussels, and Walloniq,
showcases a diverse array of governance layers, often marked by their independence and
divergence. Yet, increased coordination with local governments is observed. The policy
landscape in Belgium appears to rely heavily on the EU policies and funding opportunities,
with its own national policies playing a relatively limited role in advancing industrial
decarbonisation. While regional subsidies for industrial decarbonisation and federal
support schemes for infrastructure and nuclear energy exist, their transformative potential
is constrained by their limited and often fragmented scope. Belgium's national fiscal policy
- including state aid — remains intricate, and is further complicated by a substantial
national debt that hinders increased funding. Notably, industrial clusters thrive in the port
areas, hinting at significant economic potential. In EU policies, particularly the EU Emissions
Trading System (ETS), have gained even greater importance in Belgium, with Flanders
hosting a growing number of ETS emitters. Infrastructure advantages, such as proximity to
the Netherlands, the North Sea, and the Ruhrgebiet, bolster the nation's economic prospects
related to CCUS. While generic instruments, mainly focused on research and development
support, dominate the policy landscape, some initiatives related to industrial clustering and
advancing CCS emerge. Belgium appears keen on exploring transport and storage
opportunities abroad, nurtured by relative proximity to potential CO, storage in the North
Sea. However, amidst this complexity, there are no standout policies with transformational
effects, nor are there long-term frameworks in place to guide industrial transformation.
Belgium's narrative of governance and policy awaits a more decisive chapter in its journey
toward transformative change.

The policy case of Belgium scores as ‘Moderate’ as it focuses predominantly on various
national subsidy programs, which are of limited scope, and relies on EU policies and
funding. Insights on how to level-up the moderate score of the Belgian policy package
include the following considerations:

» Belgium could examine how the recently revised EU state aid rules enable to provide
targeted support for the deployment of strategic low-carbon technologies,
Including CC(U)S. It could consider a collaboration with neighbouring countries in
the form of Important Projects of Common European Interest (IPCEI) to structure this
support without introducing internal market distortions. Belgium can also consider
CCfD-like instruments, such as SDE++ In the Netherlands, to facilitate the adoption
of cc(U)s.

» Considering that Belgium appears keen on exploring transport and storage

opportunities abroad, Belgium could build on its Memorandum of Understanding
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with Denmark to ensure the availability of further CO, storage space. It should
consider the role that Carbon Direct Removals (CDR) may play in the period up to
2050 and how this might affect the demand for CCUS.

» Within its own governance structure, the country should ensure that divergent
policies between the regional governments do not undermine its progress to
decarbonise Industry or to do so in a socially just manner.
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A Fairly Effective Dutch mix
The Netherlands combines a mix of generic and specific instruments to support RD&l and

the adoption of industrial decarbonisation technologies. Notably, the Sustainable Industry
Infrastructure Program (PIDI) initiative focuses on clustering industrial installations,
particularly in sustainable infrastructure development, emphasising collaboration in this
critical domain. The Dutch National Growth Fund plays a pivotal role by providing subsidies
for RD&l projects that hold public benefit or national significance. Additionally, the Mission-
driven Research, Development and Innovation (MOOI) further strengthens the support for
RD&l in the realm of decarbonisation technologies. To incentivise emission reductions, the
Netherlands has implemented a Carbon Tax within the EU ETS, utilising a baseline-and-
credit system where emissions exceeding the baseline trigger taxation. The EU ETS also
offers free allowances, a measure that limits mitigation of emissions from the Ell. Moreover,
the SDE++ program plays a vital role in facilitating industrial decarbonisation through CCUS
with a unique value-chain tripartite design categorising funds into Capture, Transport, and
Storage. While it extends its support to hydrogen projects and renewable energy technology
developments, it primarily targets individual industries rather than clusters. It is worth noting
that this mix of these policies warrants substantial revisions in its environmental and
distributional criteria. The regressive tariffs characteristic of energy taxes, which subsidises
industrial energy consumption, receives the lowest evaluation due to limited positive
impacts on decarbonisation and their potential to lower the overall effectiveness of
industrial decarbonisation policy case. Similarly, the EU ETS' allocation of free emissions
allowances to the Ell raises concerns in terms of its environmental, economic, and
distributional implications, calling for careful consideration and adjustment. The
implementation of these last two instruments hinders the objective of the Dutch industrial
decarbonisation policy.

The policy case of the Netherlands scores as ‘Fairly Effective’. Insights on how to level-up
the Fairly Effective score of the Dutch policy mix are listed as follow:

» Relevant to the Ell and CCUS, the SDE++ subsidises part of the adoption costs of
CCUS at industrial sites (by industrial firms). However, concerns by industrial firms
around the economic sufficiency of the SDE++ to support industrial decarbonisation
need to be clarified. Further alignment of concerns between potential CCUS
adopters and policy and decision-makers is recommended.

» The value-chain tripartite design of the SDE++ labels the fund received by the Ell in
three categories: Capture, Transport, and Storage. The instrument also applies to H
projects and various RET developments. Although this instrument targets industry, it
does not target clusters per se. Concerns by industrial firms around the applicability
of the SDE++ to finance CO; storage abroad deserves clarification. More symmetric
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communication between potential CCUS adopters and policy and decision-makers
is recommended.

The regressive tariffs cushioning industrial energy consumption is the instrument
with the lowest evaluation. It is limited in its environmental, economic, and
distributional effects towards decarbonisation and it considerably lowers the overall
criterion evaluation of the mix. This instrument hinders the objective of industrial
decarbonisation policy.

On a similar note, the EU ETS cushions industrial competitiveness at the cost of
granting free emissions allowances to the Ell (generating environmental, economic,
and distributional concerns). The 4™ phase of the EU ETS system is yet to unfold its
phasing out of free emission allowances.
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A Moderate Spanish mix
Spain is lagging behind the forefront of climate and industrial policies to decarbonise the

Ell. Instruments target decarbonising the Ell by means of CCUS rather indirectly. In Spain’s
quest to address emissions and power the Ell, the Renewable Energy Contracts for
Difference emerge as an indirect instrument. These contracts play a crucial role in targeting
Scope 1 emissions and providing partial renewable energy supply to the Ell. The industrial
stakeholders view Mission-Oriented Programmes as essential for supporting Research,
Development, and Innovation (RD&), although they find them economically insufficient. The
broader policy instrumentation directs its focus towards the European Fund for Strategic
Investments and the Recovery, Transformation, and Resilience Plan. Nevertheless, the
assessment of the policy instruments reveals limitations in environmental effectiveness,
distributional effects, and transformative potential. Three specific instruments contribute to
these shortcomings: Energy Taxes, characterised by regressive tariffs, a somewhat limited
Carbon Tax, and the free allowances scheme within the EU ETS that cushions the Ell but
hinders the objective of industrial decarbonisation policy. The design of these three
instruments results in a constrained Carbon Pricing Signal (cPS) for the Ell. Distributional
concerns, especially among household energy consumers, further compound the mix's

challenges.

The policy case of Spain scores as ‘Moderate’. To enhance the policy mix's performance
from a "Moderate’ rating to "Fairly Effective’ or "Effective,” addressing these instruments and
criteria is paramount. Insights on how to level-up the moderate score of the Spanish policy
package are listed as follow:

» Spain could leverage its Renewable Energy Contracts for Difference as a key
instrument to target Scope 1 emissions and to partially power the Energy-Intensive
Industry. Moreover, broadening the scope from RE CfD’s to CCfD’s would be ideal to
also support the adoption of decarbonisation technologies, such as CCUS, by the Ell.

» Theregressive tariffs scheme in Energy Taxes, the limited Carbon Tax coverage, and
the free allowances scheme of the EU ETS, deserve major considerations. These three
instruments contributed to the low evaluations of these criteria. These instruments
levelled down the criteria evaluations of environmental effectiveness, distributional
effects, and transformative potential. These instruments hinder the objective of
industrial decarbonisation policy.

» Spain could level up its general case evaluation by addressing the above-

mentioned instruments and criteria.

PU Page 27 1.0

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 884418



Sweden

Legend

. Successfully meets criterion
O Partially meets criterion
O Success depends on implementation

. Struggles to meet criterion

PU

Carbon Pricing

Investment Subsidies (R&D and

National

Public-Private

(Levy)

Innovation)

Funds

Partnerships

Environmental

Effectiveness

Economic
Effectiveness

Sweden

Distributional &
Equity Effects

Co-benefits &
side-effects

Institutional
requirements

Transformative
potential

c‘u

EU Emissions
Trading Scheme
(ETS)

"
\ -

m @

@)

o

Industry Leap
(Industriklivet)

Climate Leap
(Klimatklivet)

EU Innovation
Fund

Planned NET
reversed auctions
for BECCS

Energimyndigheten
-Fund

B & H H &

© Ol 6| O] ©

©O 0l & @ 0 O

% Fossil-Free Sweden

@)

@)

©l0 @& @& @ O

OO0 @ O O] ©

©l0| @& @ @ O

©l0| 0] O @ O

Figure 7: Results MCA — Sweden

Page 28

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 884418

1.0



Cc‘U

A Fairly Effective Swedish Package
Sweden has positioned itself at the forefront of climate and industrial policies, boasting a

comprehensive framework that includes legally binding instruments like the National
Climate Policy Framework and the Climate Act, which set targets that go beyond those of
the EU. Recent political shifts resulting from general elections have introduced an element
of uncertainty, particularly concerning Sweden's stance on nuclear energy, CCS for fossil
fuels, and its role as a climate frontrunner. Nevertheless, Sweden's commitment to climate
goals remains steadfast, demonstrating how political readiness can ensure continuity in
climate objectives despite changes in the political landscape. Geographically, Sweden
enjoys advantageous proximity to Norway, affording flexibility in CO, infrastructure and
storage. The nation's abundant energy resources, coupled with its rich forest reserves, have
sparked interest in negative emissions technologies. Sweden's relatively limited number of
large point sources where CCS might be required enhances the feasibility of large-scale
CCS projects developments.

Sweden's policy mix encompasses both generic instruments and those specific to
Bioenergy with Carbon Capture and Storage (BECCS), currently a top priority. This mix is
rated as "Fairly Effective” due to its strong environmental focus and significant positive side-
effects with high transformative potential, albeit subject to successful implementation
(consider local NOx/pm emissions as negative side-effects). However, the mix's
effectiveness is hampered by high subsidies and government spending, which limit
distributional effects and economic efficiency. Sweden places a strong emphasis on the
ETS and carbon pricing, including for negative emissions technologies. Several Swedish
policies are explicitly designed to align with EU policies, especially concerning carbon
pricing. This alignment facilitates good policy sequencing, which is also being extended to
negative emissions strategies. Two standout policies in Sweden include BECCS reverse
auctions, indirectly generating deployment funding for CCS, and the Industry Leap initiative,
which provides well-funded industrial subsidies with targeted support. However, the
durability of these policies remains a key consideration. Swedish companies effectively
utilise the EU Innovation Fund to benefit from demonstration projects in CCS and hydrogen,
although the Fund's overall scope and budget is limited. Sweden's proactive approach to
climate and industrial policies positions it as a leader in sustainable and transformative

initiatives.

The policy package of Sweden scores as ‘Fairly Effective’. The following list offers insights on
how to enhance the policy mix's performance from a "Fairly Effective” to "Effective”:

» The reverse auction system for BECCS could be extended in two ways. One is by

opening it up to CDR in general, although this would not help CCUS. Another is to
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extend it to Industrial decarbonisation in general, by offering contracts for
differences. The experience with reverse auctions for BECCS could be used to
improve policy design to efficiently determine strike prices.

Both the reverse auction system and the Industrial Leap program need to receive

long-term political commitment and funding.

Existing climate and industrial strategies could include having further SME and just
transition components.

For CCS, Sweden could consider Memorandums of Understanding with
neighbouring countries to ensure the timely development of sufficient CO, storage.

Alternatively, domestic storage locations could be investigated.
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A Fairly Effective UK Package
The United Kingdom's approach to industrial decarbonisation has evolved, with the Ten

Point Plan introduced in 2020 representing a shift towards a more organised, cluster-based
strategy aimed at the country's highest-emitting regions. This multifaceted policy package
combines short-term subsidies, medium-term revenue guarantees, and long-term market
mechanisms to incentivise emissions reduction. Environmental effectiveness is a strong
point for the UK's policies, aligning with the Ten Point Plan's emphasis on pivotal
decarbonisation technologies like CCS and hydrogen in achieving the nation’s net-zero
goals. However, there is a potential risk of overreliance on these technologies if other
pathways to emissions reduction, such as electrification and non-piped transport solutions,
are not concurrently supported.

Economic effectiveness is a notable strength, with a focus on "value for money" in policy
development, minimising the financial burden on the public purse while still providing
subsidies. Distributional and equity effects are broadly positive, though the absence of a
national CO, tax is notable, and the UK Emissions Trading System (ETS) plays a role in
addressing polluter accountability. Nevertheless, the targeted approach of cluster
sequencing may divert attention away from dispersed industrial sites.

Co-benefits and side effects are largely positive, reflecting the diverse design and values
of the evaluated policies. However, institutional requirements pose a significant challenge
for both the public and private sectors, attributed to the high ambitions of the Cluster
Sequencing Process, short lead-in times for initial funding, and the impact of the UK's exit
from the EU. Lessons learned include the need for longer lead times, anticipation of private
sector interest, and the importance of CO, infrastructure.

Transformative potential is moderately successful, with potential emissions reductions and
co-benefits in awarded regions, but the long-term success of the approach beyond the
subsidised period remains uncertain. In summary, industrial clusters offer cost-effective
decarbonisation opportunities that are equitable, environmentally effective, and could yield
positive side effects. However, achieving an organised and effective clusters-based
approach will require a high degree of institutional readiness in both the public and private
sectors, potentially necessitating a longer initial lead-in time.

The policy package of the UK scores as ‘Fairly Effective’. Insights on how to level-up the ‘Fairly

Effective’ score of the UK's policy package are listed as follow:
» Although previous industrial decarbonisation policies had varying levels of success,
the passing of the Ten Point Plan for a Green Industrial Revolution in 2020 marked a
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move towards a more organised, clusters-based approach in the nation’s highest-
emitting regions.

Support for these projects is to be delivered primarily through the Industrial Clusters
Sequencing Programme, with specific focusses on CCS, hydrogen and renewable
energy production through individual business models (mostly CCfD’s).

The UK policy package scores well across “Economic Effectiveness”, reflecting the
“value for money” approach the country has taken.

However, “Institutional Requirements” held the poorest rating, suggesting that the
rapid escalation of decarbonisation ambitions and funding was not met with the
necessary institutional readiness from both the public and private sectors to rapidly
enable decarbonisation projects.

The UK'’s clusters-based approach may provide valuable lessons when compared
to other continental European countries. Clusters may provide significant cost-
effective decarbonisation opportunities in a manner which is both equitable,
environmentally effective and which potentially results in beneficial side effects
(reduction in counter-party risk, job generation, etc).

However, in order to deliver an organised and effective clusters-based approach,
ensuring that there is a high degree of institutional readiness in both the private and
public sectors will be required, potentially requiring a longer initial lead-in time.
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An overview of criterion evaluation and cases across countries
The evaluation of the CCUS policy cases in Belgium, the Netherlands, Spain, Sweden, and

the United Kingdom reveals a range of instrumental approaches and levels of effectiveness.
In the EU Member States cases, the most common ranking against the criteria was “Fairly
Effective”. This suggests that the EU has a strong average policy case. The UK's most
common evaluation was “Fairly Effective”. “Effective” only ranked once (Economic
effectiveness) and “Moderate” only ranked once (Institutional requirements). This suggests
that the UK has a strong policy case. Nevertheless, there is clearly still room for
improvement for the EU and UK. The “Effective” evaluation was the least common ranking
from all countries (see Table 3). The MCAs suggest that no policy case is “Effective” to
decarbonise the industry in Europe yet. The case studies described the main characteristics
of each policy instruments case evaluations, their key findings, and observations on how to

improve their evaluations.

Country/Criteria Environmental Economic Distributional | Co-benefits | Institutional Transformative

Belgium

Netherlands

Spain

Sweden

UK

Table 3: Criterion evaluation results per country
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4. Concludingdiscussions

How ready is the European industrial CCUS policy instrumentation to decarbonise the
Energy-intensive Industry in the EU+UK? Aligned with the WP5 objective of the C4U
Project, this report contributed to identify and analyse public policy options to address
the needs and concerns of stakeholders in line with an engaging narrative for CCUS. The
report contributed to the C4U Project with an analysis of industrial CCUS policy
instrumentation in five countries. Among the five policy cases evaluated, two cases were
evaluated as “Moderate” and three as “Fairly Effective”. No policy case was evaluated as
“Effective”. Notable differences between cases were identified. Three of the policy cases
include ‘industrial clusters’ provisions, and three of the policy cases include ‘CCUS’
provisions. Suggesting that European CCUS policy could benefit from a) mainstreaming
CCUS industrial clusters in policy instruments (whenever possible), b) observing the
specific criteria evaluations that ranked lower in each case, and ¢) having a more
effective instrumentation to stimulate the decarbonisation of the Energy-Intensive
Industry, further discussions provide insights on how ready CCUS policy instrumentation
is from different levels.

From the level of policy instruments cases, Belgium's policy case scored as “Moderate”.
It is characteristic for a heavy reliance on limited national subsidies and EU policies, with
recommendations focusing on targeted support for low-carbon technologies and
enhanced coordination between regional governments. The Spain’s policy case is also
rated as “Moderate” with a focus on Renewable Energy Contracts for Difference that aim
to power the Ell. To improve its effectiveness, Spain should broaden the scope of support
for decarbonisation technologies, address regressive tariffs from energy taxes, and
engage with distributional concerns as a policy case. Netherlands, on the other hand,
presents a “Fairly Effective” case with a mix of instruments supporting research,
development, and innovation in industrial decarbonisation. Key recommendations
included addressing concerns around the economic sufficiency of subsidies (e.g.
SDE++) and revising regressive tariffs of energy taxes. Sweden's policy case is deemed
“Fairly Effective” due to its comprehensive framework on climate policy and strong
environmental focus. Recommendations include extending the longevity of the reverse
auction system and some industrial programmes, ensuring long-term commitment to
key policies, and incorporating SME and just transition components. Finally, the United
Kingdom's policy case was scored as “Fairly Effective” and highlights the shift towards
an organised, cluster-based approach. Suggestions for improvement include
addressing institutional requirements, supporting diverse decarbonisation pathways,
and ensuring a longer lead-in time for effective implementation.

The examination of policy rationales with a focus on mitigation underscores the pressing
need for comprehensive action, to provide the instrumental means to decarbonise the
industry. The current policy arrangements, while aimed at incentivising decarbonisation
and discouraging greenhouse gas emissions, exhibit shortcomings in delivering strong
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incentives and conveying a robust Carbon Pricing Signal to the Ell. The characteristics of
the policy packages, particularly in terms of consistency, raise concerns as they do not
align “Effectively” with signalling and facilitating decarbonisation to the Energy-Intensive
Industry.

The fourth phase of the EU ETS will play a key role in the remaining of this decade. With
regards to the fourth phase of the EU ETS, its emission cap will reduce every year until
2030. Nevertheless, available decarbonisation technologies need to level up to the speed
of industrial decarbonisation targets towards 2030 and 2050. The 4th phase sends a
clear signal of preserving competitiveness, over a stronger climate transformation, by
still giving away free allowances to the Ell (as a sector at the highest risk of relocating
their production outside of the EU) in the current decade.

Along the 4th phase of the EU ETS, the Carbon Border Adjustment Mechanism (CBAM) is
planned to take off. The CBAM is yet prove its effectiveness to protecting decarbonisation
efforts without compromising the competitiveness of Europe. The CBAM will aim at
applying a carbon price at the border to imports of certain products, based on their
embedded emissions, equivalent to the carbon price borne on those products by
domestic producers in the EU. The general assumption is that without such carbon price
at the border, the level-playing field between EU and non-EU producers might be
constraint. The combination of the two instruments, the ETS and CBAM, is yet to proof to
guarantee the competitiveness of the European industry while safeguarding it from
carbon leakage practices.

At the level of specific instruments cases, this demands thoughtful reconsideration of
their criteria evaluations. Although policy strategies, as outlined in the Paris Agreement
and the EU Green Deal, the targets for 2030 and 2050, the readiness to meet these
ambitions deserves attention. In essence, while strategies are in place, there is a
compelling need to bridge the gap between intent and effective implementation and
instrumentation to realise the desired mitigation outcomes rationale.

In general, high energy and industrial processes emissions are often supported by
distortive economic incentives that send a weak carbon-pricing signal to the Ell -and
other emitters. Exemptions, regressive rates, dispensations, and subsidies on energy and
emissions (including fossil fuels) are examples of the distortive economic incentives of
the current policy landscape. To decarbonise the Ell, organisational and technological
options need to become competitive vis-a-vis in such a distortive economic incentives
context. Specific policy instruments need to be either (re)designed or effectively applied.
Parallelly, phasing out distortive economics incentives (instruments) to industries is a
requirement to allow innovative technologies to be deployed in the current industrial
decarbonisation era.
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Methodological reflections and research limitations

This report contributed to address the needs and concerns of stakeholders in line with
an engaging narrative for CCUS. Methodologically speaking, this report contributed to
collect the different views (needs and concerns) of stakeholders relevant to CCUS in five
countries. The authors aimed at providing a narrative for CCUS which includes the views
of industrial firms representatives (from the EEl), technology & infrastructure developers
that are eligible or receptive to policy instruments, research institutes, and policy and
decision-makers related to industrial CCUS policy.

Due to the emerging nature of industrial CCUS policy in the EU+UK, most of its
developments are still in the making in policy and decision-making arenas. The final
stage of industrial CCUS policy deserves to shed light on pressing uncertainties as
identified by the stakeholders engaged. For instance, this methodology limited its scope
by excluding variables such as societal responses, other technological innovations (e.g.
hydrogen), or energy prices and security.
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Annex 1. Tables MCA'’s per country (full versions)
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Belgium

Economic Instruments

cv

EU ETS

It has been demonstrated the EU ETS
has achieved territorial emissions
reduction. Revenues from the
allowances feed into national budgets
and their auctioning supply funds for
innovation in low-carbon technologies.
Uncertainty about the design of the ETS
after 2030, including the inclusion of
negative emissions, may affect the
effectiveness of price signals.

Emissions reduction
takes place at lowest
cost, but this may not
always involve the
same technologies
needed to reach a
net-zero.

Low ETS prices
sustained over
decades hardly
incentivised emission
reductions. High risk is
associated with
predictability of the
cap and sustained
high EU ETS price (€81
on average in Ql
2023).

This policy is largely
implemented in the
same way across the
EU/EEA states. If carbon
prices are passed on, this
will have distributional
effects, which can be
addressed by
compensation from
revenues. The financial
burden of the policy is
often carried by
households, more than
businesses due to free
allocation. Free allocation
can distort emission
reduction incentives
between (sub)sectors.

Carbon removals are
not yet integrated.
(some negative
emissions technologies
also use CCS, including
BECCS that remain
outside ETS).

Extensive Monitoring,
Reporting and Verification
(MRV) and technical
rulebook is required.

The EU ETS has assured large
emissions reduction and grown
financial support for the EU
Innovation Fund.

However, as long as costs of
low-carbon technologies, such
as CCS, remain higher than ETS
price, transformational impacts
may remain limited.

EU Innovation Fund

The Innovation Fund offers grants
dedicated to the demonstration of
innovative low-carbon technologies.
Several Belgian industrial projects
expressed interest in the Fund. Its
application-based approach still limits
support for mature technology in the
long-run.

The complex financial
requirements of the
Fund constrain
technologies
adopters from relying
on it. Outcomes of
applications are
uncertain, which also
make it more difficult
to attract additional

Due to the long and
complex bureaucratic
processes to obtain the
fund, SMEs are often
excluded, which impacts
the distributional
outcomes.

Positive spill overs from
innovation derived
from EU Innovation
Fund'’s supported
projects with
approaches such as
reverse auctions and
CCfD are possible. The
disbursements of funds
could be made

The institutional
prerequisites for this policy
instrument are hindered by
several administrative
burdens, which slow down
the process to obtain the
funds. Selection of Fund’s
receivers are not always
transparent. Project
selection is complex and

+/0

While demonstration is
important, transformational
impacts can be hindered by the
‘one-off’ character of projects
awarded the funding. However,
successful projects can support
learning effects which lower the
costs of low-carbon
technologies.

capital. compatible. may face information
asymmetry.
Subsidy programmes: 0 - - 0 + 0
VLAIO subsidy
programme (incl. With support from the Flemish Agency Both the Ecology The subsidy programmes | The VLAIO subsidy Subsidies are often delivered | The programmes have a limited

Ecology Premium Plus,
Flanders); Novalia
subsidy programme
(Wallonia)

for Innovation & Entrepreneurship
(VLAIO), Antwerp@C, a project in the
port of Antwerp, drawn up by a
consortium consisting of major
industrial players, with the aim of
halving CO2 emissions in the port by

Premium Plus
program, an
ecological subsidy for
SMEs and large
companies realising
investments on the

involve a fiscal transfer
from taxpayers to
industry, with uncertain
outcomes in
distributional effects on
the broader economy

programs by the
Flemish government
offer different support
programs for SMEs, R&D
and different
investments. Within the

ad hoc with the amounts of
subsidies agreed with
regional authorities. This
allows certain flexibility in the
Belgian institutional setup,
but also raises the questions

scope and uncertain durability
and funding resulting in a
limited transformative potential.

2030, is currently carrying out a Flemish territory, and and society. scope of climate policy, | of institutional stability of the
feasibility study to set up a central the Walloon these include subsidies | programmes.
pipeline along the industry on both the programmes for ecological and safe
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left and right banks, several joint
treatment units, a joint CO2 liquefaction
plant, interim CO> storage and its
cross-border transport via both ship
loading and pipeline.

Novallia provides support for Walloon
SMEs in achieving innovation. For
projects on improving energy
efficiency, greenhouse gas emission
reduction, and circular economy
development, the Easy’Green fund has
been established.

executed by
NOVALLIA, are
predominately
subsidy programmes
aimed at paying the
extra costs resulting
from improvements
in inter alia energy
efficiency and
environmentally
friendly production.

road transport, a
strategic ecology
support for non-
standardisable
investments under the
Ecology Premium Plus
program, and a
compensation for high
indirect emission costs
under the EU-ETS.

Industrial clustering
(TWEED (Wallonia),
Spearhead, incl.
Moonshot plan
(Flanders)

The cluster programmes can lead to
accelerated implementation of
decarbonisation strategies and
constitute a key starting point for CCUS

and broader industrial decarbonisation.

The cluster approach
may benefit certain
technologies over
others, affecting
economic efficiency.

The equity dimensionis in
principle neutral, but it
may adversely affect
companies and
stakeholders who find
themselves outside of the
targeted clusters.

The cluster approach
enhances
collaboration between
different parts of
industrial value chains,
which is particularly
important for CCUS as
it involves different
industries and
operators. It also
increases incentives,
although limited, for
inter-regional dialogue
in Belgium.

_/0

Cluster coordination is a key
challenge for both CCUS and
industrial decarbonisation in
general.

o/-

Although with potential to
develop, the clustering in
Belgium still remains ad hoc
exercise and lacks a profound
vision on industrial
decarbonisation supported by
key national targets and
strategies.

Energy Transition Fund

The national Fund supports energy
transition within the federal
competences, i.e. (i) renewable energy
sources in the Belgian exclusive
economic zone of the North Sea and
biofuels; (ii) nuclear energy
applications; and (iii) security of supply
and grid balance.

Up to €25 min are
granted annually as a
subsidy to the
projects in the
relevant areas.

Funding aims to support
research, development,
and innovation in
research infrastructure or
by SMEs in these areas.

0

Positive spill over
effects are possible
with other energy and
climate policy
instruments, although
they remain limited in
scope.

Exclusively focused on the
issue areas within the
federal competences, the
Fund has limited
implications and
coordination with other (incl.
regional) programmes.

Although since 2018, 84 projects
have been supported, most of
them remain limited in scope
ranging from €100k to €5 min.
The budget is also limited up to
€25 min annually, limiting the
transformational effects of this
instrument of longer-term
nature.

Flemish Climate Fund

The Fund has potential to contribute to
the decarbonisation of Flemish
industry, but this depends on whether

All projects of the FCF
have a retrospective
impact assessment,

The main input of the FCF
is the revenue from the
ETS, and as that revenue

Limited co-benefits are
reinforced by limited
scope of the

Institutional setup of this
instrument is functioning but
of limited scope.

A highly limited transformational
impact as the total investment
of the FCF in CCS projects is EUR

Information & Other Instruments

the eventual implementation is but for the CCS- comes from industries, it instrument. 5 million.
successful, and then still, the impact of | projects, this can be distributionally
this fund is marginal. assessment has not balanced.
been carried out yet.
Voluntary sectoral o/+ o/+ - + + o/+
accords
Although on a voluntary basis, these Companies The cost of implementing | The accords could lead | Non-binding agreements Voluntary accords were

agreements between industry and

committed to the

the agreed measures

to overall increase of

that aim to encourage

introduced as an alternative to
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regional governments of Flanders and
Wallonia have successfully tackled
improvements in energy efficiency and
GHG emissions reduction. The focus on
audits for energy intensive industries
allowed identifying cost-effective
energy efficiency measures. Overall,
voluntary agreements have been
generally identified as the “third wave”
in environmental policy, following
command-and-control approaches
and economic instruments. While
Flanders benchmarked for ETS-covered
industries, Wallonia followed a sectoral
approach.

specific targets in
these agreements
can benefit from
financial and
administrative
advantages; the
general focus is on
audits to identify
cost-effective energy
efficiency measures,
with companies
receiving tax relief or
other incentives if
these measures are
implemented.

may vary across the
companies.

energy efficiency and
followed cost
reductions.

cooperation and collective
action in addressing specific
environmental or societal
challenges within a
particular sector proved to
be effective in the Belgium
institutional setup, where
energy efficiency and GHG
emissions reduction policies
are within regional
competences.

classic regulatory instruments;
they aim to establish a
collaborative relationship with
the industry to achieve a
reduction in pollutant emissions
rather than command-and-
control strategies imposed by
public agencies. Although of
limited effects compared to
other decarbonisation
instruments, the accords proved
to have effects in the complex
institutional setup of Belgium.

+, Positive result on criterion; -, negative result on criterion; 0, positive nor negative result on criterion (indifferent); +/0/ , result on criterion depends on details of implementation (e.g., on allocation in ETS).
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Economic Instruments

European Fund for
Strategic Investments

Environmental Effectiveness

Economic Effectiveness

Distributional
Effects

& Equity

Co-benefits & side-
effects

Institutional requirements

Transformative potential

+/o/

It aims at sustainable, economic,
and social growth by financially
supporting the development of
infrastructures in the transport,
energy, digital, environment, urban
and social sectors. Nevertheless,
the description of the Fund does not
directly link to specific
environmental targets. As a result,
the environmental effectiveness of
such instrument depends on the
details of implementation.

The objective of the European Fund
for Strategic Investments (EFSI) is to
bridge the existing investment
shortfall within the European Union
(EV) by stimulating private
investment for vital projects that the
market cannot adequately fund on
its own. This initiative aims to entice
private funds by rectifying market
failure. Economic projections
indicate that by the year 2022, EFSI
investments will elevate GDP by 1.9%
and generate an additional 1.8
million jobs when compared to the

baseline scenario. (European
Commission, 2022c¢; European
Investment Bank, n.d.)

+

It will support strategic
investments in
infrastructure as well as
risk finance for small
businesses.

Eligibility depends on
having high societal and
economic value
contributing to EU policy
objective. (European
Commission, 2022c¢;
European Investment
Bank, n.d.).

+

It also supports other
key growth- areas,
such as:

Education and training,
health, R&D, ICT,
innovation, renewable
energy and energy
efficiency, and support
to SMEs and mid-cap
companies. (European
Commission, 2022¢;
European Investment
Bank, n.d.).

The European Commission
expects the Investment Plan will
mobilise at least €315 billion in
additional investment in Europe
over the next three years.

The EU will provide €21 billion in
initial funding - a €16 billion
guarantee, to be authorised via
an EU Regulation - and the
European Investment Bank’s
(EIB) own resources (€5 billion).

+/o/

It aims at overcoming current market
failures by mobilising private
investments on key areas of
infrastructures. (European
Commission, 2022c; European
Investment Bank, n.d.). However, its
transformative potential depends on
details of infrastructural developments
and their implementation.

EU-ETS

In the 4™ phase, 2.9 billion scheme
to compensate energy-intensive
companies for higher electricity

+

The auction scheme enables the
condition of ‘abating at the

Allowances for free come
at the cost of public

In the 4™ phase, the
2.9 billion scheme to

The institutional mechanisms
are there. E.g. the Monitoring,

+/o/

It depends on the achievement of the
intermediate target of an at least 55%

prices (this measure relates to cheapest cost’ (abate or pay). budget (-). compensate energy- Reporting and Verification net reduction in greenhouse gas
indirect emissions under the EU intensive companies (MRV). (solid) emissions by 2030
ETS). (European Commission, for higher electricity
2022b). prices, protects the
The EU ETS covers 40% of the total local industry and the
emissions in Spain. just transition.
(European
Commission, 2022b).
Effective Carbon - - N/A N/A - -

Rates
(No explicit Carbon
Tax in place)

Applies only to fluorinated gases
(3% of the total GHG emissions).
Tax component of Energy Prices are
low (e.g. electricity 2%, gas 5%).
Most of unpriced emissions in Spain
come from the industry sector
(OECD, 2021).

Tax component of Energy Prices are
low (e.g. electricity 2%, gas 5%). (IEA,
2021) On top of this, €2.9 billion
State Aid scheme to compensate
energy-intensive companies for
higher electricity prices. No data on
increasing the tax component on

Difficult to judge without
an explicit Carbon Tax.

With ECR in place, most of
unpriced emissions in Spain
come from the industry sector
(OECD, 2021). Meaning that ECR,
as a substitute for an explicit
Carbon tax, is failing to tax
industry emissions.

The current Spain’s carbon-pricing
instrumentation sends a low to
medium CPS to industries.

PU

Page 42

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 884418

1.0


http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ%3AL%3A2015%3A169%3ATOC

PU

cv

energy prices in order to increase
tax revenue.

Colaboracién”.
Mission-oriented
programmes to
support the
development of
demonstration
projects in the energy
transition

fundamental research and
demonstration project on H2
through all its value chain. Hz is
seen as a RE source to electrify
Spain’s energy grid (MITERD, 2020).

competitive tender mode.

A total budget of 40,000,000.00 € to
support industry and energy
generation. It is economical
effectiveness depends on the
specific details of projects
matching the ambitions of the
grant and turning out to be
developed into results transforming
industrial processes or energy
generation.

Maximises benefit, but does not
necessarily minimise costs.

includes SME’s, and natural
and legal persons. In this
regard, the instrument is
aimed at collecting a
wider social participation
in RD&.

addressed by the
specification of the
instrument. However,
other RET and CCS
facilities might
indirectly benefit by the
development of
infrastructures for Ha.

Energy Taxes. - - - - 0 -
Electricity and Gas
excises Electricity and gas taxes have a low | Electricity and gas taxes have alow | A higher tax component of | The lack of higher tax Taxing electricity and gas with low tax
tax component (5% and 2%). tax component (5% and 2%). These | the total prices of component of the total component, not taxing the carbon
Moreover, these taxes do not cover | taxes send a low CPS to the industry | electricity and gas (higher | prices of energy and content of electricity and gas, and not
the carbon content of electricity and send a low environmental tax than 5% and 2%) might gas constrains having differentiating RE from conventional
and gas. Instead, they tax units of revenue. contribute to higher a higher environmental energy do not lead to an industrial
consumption (USD/MWh). environmental tax tax revenue and | decarbonisation transformation.
revenue. A higher budget. Therefore, it
environmental budget places constraints on
might have positive environmental-related
effects when redistributed | expenditure.
on environmental-related
expenditure.
“Retos de + + + N/A + +/o/
Investigaciéon” and
“Retos de The objective is to develop Non-repayable fund granted in a The aim of beneficiaries Not explicitly Robust, clear, and transparent It is a grant for innovation renewable

mechanism to request funding
and for allocation of funding.

H2 throughout its value chain. This
systemic approach might help, if
projects are successful, to transform
the Hz scenario in Spain and
consequently the industry and power
sectors.

RE Contracts for
Difference

(as a form of risk-
sharing solution).

It places funding on explicit
technologies and processes
innovation that directly lead to
emissions reductions.

+

The State Aid Scheme approved on
January 2022, and the ongoing
scheme for CfD place an economic
effective incentive to bear the
additional costs of decarbonisation.
Critics point at CfD as requiring a
risky financial leverage in the
present (uncertainty in the future).

+/o/

Money comes from public
budget to finance private
investments. The question
is whether or not industry
cannot bear the costs of
decarbonisation.

It opens the window to
different RET
technologies eligible
for this instrument

CfD are regulated and observed
by the ESMA. The budget
approved by the EC from State
aid is received by a Member
State. The State provides the
means for access to funding for
eligible firms (e.g. industry).
Firms and energy providers
engage in a contractual
relationship (CfD).

CfD, and the budget labelled for it,
directly relates to emissions reduction
targets. When CfD are granted to
projects that end up in effective
implementation, then emissions are to
be reduced. Therefore, the industry
transforms to a cleaner one

Other Instruments

Spain’s Recovery,
Transformation and
Resilience Plan.

Environmental Effectiveness

Economic Effectiveness

Distributional
Effects

& Equity

Co-benefits & side-
effects

Institutional requirements

Transformative potential

+/o/

The Plan will support the Transition
with €69.5 billion in grants. 40% of

‘The plan supports
the decarbonisation of the energy

The total budget is shared
among different pillars of

The aim of the areas of
intervention of the Plan

The plan robustly defines a multi-
disciplinary and integrative plan to
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the plan will support the climate
objectives. However, how these
grants are effectively transformed
into emissions reductions depends
on details of implementation.
(European Commission, 2022a)

sector by investing €6.1 billion in
clean technologies and
infrastructure (including storage
and electricity grids) and
accelerating the development and
use of renewables, including
renewable hydrogen.’ (European
Commission, 2022a)

intervention, such as:
250,000 jobs creation, low
carbon economy,
industrial decarbonisation,
digital transition, and
social cohesion. (European
Commission, 2022a)

aim at becoming
resilient by having spill
overs on different
societally relevant
topics. (European
Commission, 2022a)

EC funding scheme which
includes means of monitoring
and verification.

commit to climate objectives, to foster
economic growth, and to enhance
social cohesion. (European
Commission, 2022a)

+, Positive result on criterion; -, negative result on criterion; 0, positive nor negative result on criterion (indifferent); +/0/ , result on criterion depends on details of implementation (e.g., on allocation in ETS).

Page 44

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 884418

1.0



The Netherlands

PU

Economic Instruments

Environmental
Effectiveness

Economic Effectiveness

Distributional & Equity Effects Co-benefits & side-effects

Institutional requirements

cv

Transformative potential

+

In accordance to the
ambitions of the EU

The auction scheme
enables the condition of

+ +/o/

Considering the new sectors and
gases inclusions from Phase 3

It depends on where does the
compensations for emissions flow

The institutional mechanisms are there.

E.g. the Monitoring, Reporting and

+/o/

It depends on how far reductions go and
where the compensations for emissions go

ETS Phase 4: ‘abating at the cheapest | and the upcoming ones in Phase to further fund the decarbonisation | Verification (MRV). to (to further fund the decarbonisation).
-Thigh reduction cost’ (abate or pay). 4, transition.

targets.

-Climate neutrality

ambitions.

-Inclusion of more

sectors and

emissions.

Carbon Tax + + +/o/ +/o/ + +
(depends on the cap When transferable. For current industrial facilities, this (depends on the cap of free-emission).
of free-emission). Cross-border. could entail delaying a genuine rise

Large gas consumers in particular | in tax obligations for a number of
will pay more energy tax and years. However, this approach alone
sustainable energy surcharge in won't sufficiently prevent carbon
addition to the CO2 tax. This leakage. Given the substantial
combination will significantly investment costs, industrial firms
increase their cost consider long-term prospects when
prices.(PricewaterhouseCoopers, strategizing their (technological)
2022). investments. They assess the
viability of an investment by
analyzing the overall anticipated
costs throughout the asset's
depreciation period.
(PricewaterhouseCoopers, 2022).
EB (Energy Tax) - - - +/0 + -

driven Research,
Development and
Innovation

The MOOI instrument
makes an explicit
reference to the
instrument aiming at
the CO ; targets as
developed in The

‘The aim is to reduce
CO 2 emissions at low
costs.’ Applicants must
make a proposal for an
innovation plan
containing concrete,

There is a partnership with at least
3 companies that will carry out
the project. These must not be
connected to each otherin a

group.

The instrument aims at supporting
innovations for industry, electricity,
and the built environment.
Innovations on one pillar might spill
effects over the others.

Successful proposals are monitored
and evaluated by means of the
submitted proposal for an innovation
plan containing concrete, SMART-
defined milestones.

Currentscheme. | The current structure | The current structure of The perceptions of the current No co-benefits were highlighted Institutional requirements are given in To transform the industry society is missing
Including of the instrument the instrument does not structure of the instrument relate the EU. What is missing is a systemic a systemic change in terms of
surcharge: does not translate translate into economic to a unfair distribution of change in terms of decarbonised decarbonised energy systems. This
ODE (Sustainable | into reduced effective by all societal decarbonization burdens and energy systems. requires changing economic incentives
Energy consumption or actors. It is seen as distribution of benefits. that lead to a fair sharing of burdens and
surcharge) emissions by ‘economically effective’ benefits among societal actors.

industrial firms. by industrial firms.
MOOI. Mission- + + + + + +

The instrument contains an accurate
transitional goal: ‘The MOOI 2022
encourages research and development
projects that enable the affordable
transition to a clean, energy-efficient,
sustainable and safe industry.’ (RVO, 2022).
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Climate Agreement.
The MOOQI 2022
encourages research
and development
projects that enable
the affordable
transition to a clean,
energy-efficient,
sustainable and safe
industry.

SMART-defined
milestones.

Projects must have a size
of at least € 2 million in
costs that are eligible for
a subsidy.

Research organisations
do not incur more than
50% of the eligible costs.

The parties involved bring their
different expertise and
perspectives together in a mostly
cross-sectoral partnership. Such
as innovative SMEs and
stakeholders.

All relevant disciplines and
perspectives come together in a
consortium. Entrepreneurs,
scientists, civil society
organisations and stakeholders
have an eye for the technical and
social factors and opportunities.

The MOOI theme Industry stimulates
solutions on ‘process innovation with
electrification of the high-temperature
heat supply in the steel industry, chemistry,
and glass and ceramics.’

SDE++ (on
emitters)

It supports
decarbonisation
technologies

As a carbon contract for
difference, it supports
decarbonisation
technologies from an
economic effective way.

The scheme distributes the
available funding between a
portfolio of different
decarbonisation technology
options

Subsidises other RET and carbon
reducing technologies

Institutions are given to provide,
manage and monitor the operation
and performance of the industry.

It helps transforming the EEI from a
environmental, economic, distributional,
and institutional effectiveness level.

Dutch National
Growth Fund

+/o/

This instrument
makes a general link
between funding for
green hydrogen and
the Paris Agreement
goals.

+

The public benefits of the
project outweigh the
costs.

+/o/

There is not an explicit mention of
it.

The instrument aims to fund
projects related to artificial
intelligence, regenerative medicine,
health data infrastructure, quantum
technology and hydrogen/green
chemistry.

A committee reviews project plans
against: coherence and detail
(including milestones, evaluation, result
indicators and risk analysis), and
practical and financial feasibility.

The description of the instrument make an
explicit link between Green Hydrogen
developments as a way to meet the Dutch
requirements under the Paris Agreement.

Other Instruments

(PIDI)
Programma
Infrastructuur
Durzaame
Industrie.

It aims at making
existing energy-
intensive industry
more sustainable. It
links CO 2 reductions
to economic
development.

It aims at making existing
energy-intensive industry
more sustainable. It links
CO ; reductions to
economic development.

PIDI looks after its distributional
effects by having in place a
steering committee in which all
important players are
represented:

industry, network companies,
energy products, co-governments
and the national government.

Expanding Dutch infrastructure
considers related opportunities to
strengthen sustainability. For
example, electricity, hydrogen, and
CcCs.

PIDI is overseen by a steering
consortium wherein all prominent
stakeholders are embodied: the sector,
network corporations, energy
commodities, fellow governing bodies,
and the national administration.
Collectively, they have devised the
appended blueprint for expediting the
development of the energy
infrastructure in the Netherlands.

The instrument contains a clear
transformational goal. The National
Infrastructure Programme for a
Sustainable Industry (PIDI) aims at
developing structural and sustainable
economic growth by funding knowledge
development and research, and
development and innovation. It aims to
contribute to CO2 reduction and economic
development, and making industrial
clusters more sustainable.

+, Positive result on criterion; -, negative result on criterion; 0, positive nor negative result on criterion (indifferent); +/0/ , result on criterion depends on details of implementation (e.g, on allocation in ETS).
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Economic Instruments

Environmental Effectiveness

Economic Effectiveness

Distributional & Equity Effects

Co-benefits & side-effects

Institutional requirements

Transformative potential

EU-ETS

It has been demonstrated the EU
ETS has achieved territorial
emissions’ reduction. Revenues
from the allowances feed into
national budgets and their
auctioning supply funds for
innovation in low-carbon
technologies. Uncertainty about
the design of the ETS after 2030,
including the inclusion of
negative emissions, may affect
the effectiveness of price signals.

Emissions reduction takes place at
lowest cost, but this may not
always involve the same
technologies needed to reach a
net-zero.

Low prices hardly incentivised
negative emissions. High risk is
associated with predictability of
the cap. The EU ETS price (€81on
average in Q1 2023) is lower than
the national carbon tax rate (€122
in 2023).

This policy is largely implemented in the
same way across the EU/EEA states. If
carbon prices are passed on, this will
have distributional effects, which can
be addressed by compensation from
revenues.

The financial burden of the policy is
often carried by households, more than
businesses due to free allocation.

Free allocation can distort emission
reduction incentives between
(sub)sectors.

Carbon removals are not yet
integrated. Some negative
emissions technologies also
use CCS, including BECCS that
remain outside ETS.

Extensive Monitoring, Reporting
and Verification (MRV) and
technical rulebook is required.

The EU ETS has assured large
emissions reduction and
grown financial support for the
EU Innovation Fund.

However, as long as costs of
low-carbon technologies, such
as CCS, remain higher than
carbon price, transformational
impacts may be limited.

Energy and carbon
taxes

Sweden has one of the highest
carbon tax rates worldwide.
However, only 40% of Sweden’
GHG are covered by this tax,
since it is levied on fossil fuels
used for heating purposes and
motor fuels. The tax does not
apply to industrial GHG
emissions. At the same time,
sectorial tax exemptions prevent
carbon leakage.

+

This is among the highest carbon
tax in the world.

Taxation tends to be particularly
economic efficient to change
economic incentives.

+/0

Electricity tax’s disparity between
residential and commercial sectors in
principle create large distributional
effects. Different targeted tax reliefs
have been however introduced to avoid
disproportional negative impacts on
low-income households.

The carbon tax is well aligned
with the Swedish energy
system (sustainable biofuels
are not subject to the carbon
tax).

Because the steering of
government agencies is weak
and unclear under the system of
carbon taxing, institutional
requirements remain weak for
an optimal implementation and
monitoring of system taxation.

Because the Swedish carbon
tax rate is relatively high
compared to other economies,
the policy holds a considerable
transformative potential to
obtain decarbonisation
targets. Its impact on industrial
decarbonisation is still limited
by the large exemptions. Tax
changes have however been
implemented stepwise for
households/firms to adapt.

Industry Leap
(Industriklivet)

The Industriklivet aims at
reducing process-related
emissions. It is framed to support
BECCS and DACCS for hard-to-
abate emissions and to increase
the use of hydrogen as reduction
agent for steel production. This
policy supports technology shifts
and innovations to lower
industrial emissions.

This policy comprises a total of
€120 million in 2023. However,
investments support only
preliminary studies, research, pilot
& demonstration projects.
Unpredictability of costs remains a
challenge (against the
predictability of tax credits like
45Q). The policy does not focus
sufficiently on first market entrants
to lower costs for later adopters.

The SDG analysis is always included for
BECCS to account for societal
implications. The distribution of
workforce is nevertheless tackled less
successfully, as engineering experts are
concentrated in certain geographical
areas of Sweden.

Learning effects from the CCS
development are particularly
strong for the design of new
supply chains for services.
Synergies between different
industry sectors may be more
difficult due to technological
incompatibilities.

+/0

The broad political consensus
behind this policy successfully
accelerates its implementation.
On the contrary, the strict and
time-consuming State Aid rules
hinder a fit-for-purpose
institutional framework. Nationall
institutions also suffer from the
lack of a common certification
system to produce MRV
assessment along entire
production chains. Information
asymmetry can be a challenge.

+

The policy provides the
industrial sector financial
support to develop
transformational low-carbon
technologies.

Climate Leap
(Klimatklivet)
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The Klimatklivet has a limited
impact on GHG emissions
reduction. It is politically debated
and weakly integrated in the
existing national climate
framework. This policy has also
been criticised as reflecting the
conflict between the
Government’s core mandates
and climate targets.

Despite its large financial support
(the appropriation will increase to
over €270 million by 2024), this
policy is connected to a high
marginal cost of emissions
reduction.

Comprehensive socio-economic

assessment of the impact of this policy

is lacking.

The poor management of
policy overlaps between
Klimatklivet and other existing
instruments limit climate
framework consistency.

The calculation of emissions
reduction disregards policy
synergies and co-benefits.

The government’s mandate is in
contrast with the targets
proposed by this policy. Due to
the large political debates
around this policy, its
institutional support is rather
weak. The institutional
requirements for its
implementation are also
inadequate, due to the
ambiguous distribution of tasks
between authorities.

The programme does not
apply to the type of
transformational investments
needed in energy-intensive
industries. The transformative
potential of this policy is
restrained by the lack of
guidance to local authorities
for implementation. The
sectorial approach taken by
the policy reduces the
efficiency of State Aid’s
allocation.

EU Innovation Fund

The Innovation Fund offers
grants dedicated to the
demonstration of innovative
low-carbon technologies.
Several Swedish industrial
projects benefit from this fund.
Its application-based approach
still limits support for mature
technology in the long-run.

The complex financial
requirements constrain
technologies adopters from
relying on it. Outcomes of
applications are uncertain, which
also make it more difficult to
attract additional capital.

Due to the long and complex

bureaucratic processes to obtain the
fund, SMEs are often excluded, which
impacts the distributional outcomes.

Positive spillovers from
innovation are possible. The
disbursements of funds could
be made compatible with
approaches such as reverse
auctions and CCfD.

The institutional prerequisites for
this policy are hindered by
several administrative burdens,
which slow down the process to
obtain the funds. Selection of
fund'’s receivers are not always
transparent. Project selection is
difficult and may face
information asymmetry.

+/0

While demonstration is
important, transformational
impacts can be hindered by
the ‘one-off’ character of
projects. However, successful
projects can support learning
effects which lower the costs of
low-carbon technologies.

Planned NET reversed
auctions for BECCS

0/+

This policy is the most ‘fit-for-
purpose’ due to the large
biogenic CO2 emissions in
Sweden. Once scaled-up, it has
potential to reduce 23.7 Mt of
CO:z territorial emissions.
Underperformance risks
continue hindering BECCS
scalability, since pre-
qualification criteria and non-
compliance penalties are not
included in the auction’s design.

Reverse auctions can incentivise
cost efficiency and price discovery
via competitive bidding but also
ensure stable investments to
bidders. The slowdown in BECCS
adoption is connected to the low
maturity of technology and high-
cost uncertainty, which are further
exacerbated by the lack of FEED
studies among bidders. The
auction’s winner will also need to
cover some of the costs generated

This policy instrument can ease
increased cooperation between

voluntary and compliance market
(contrary to the CfD), carrying certain
equity effects between the public and
the private sectors. BECCS is limited to
existing large-scale industrial point
sources of biogenic CO, emissions (cut-
of-budget and cut-of-volume), which
largely reduce auction’s participants.
As the costs of such a policy are borne
by taxpayers, it involves distributional

The primary side-effect of the
financial risks carried by the
reverse auction system and its
bureaucratic process is the
creation of sunk costs, which
may further discourage
companies to bid.

Reversed auctions applied to
BECCS may not pay sufficient
attention to the role of
infrastructures and spatial
dependencies. Within BECCS
infrastructure systems, there is a
high division of responsibilities
and liabilities between capturing,
transportation and storage. The
government and national
institutions could play a better
role in coordinating private

Auctioning BECCS holds a large
transformative potential, as it
can support a business case
for early investment in low-
carbon technologies. Still, a
strengthened integration
between private/voluntary
market and compliance
markets should be assessed.
As the Swedish government
envisions auctioning BECCS
limited to 2030-2045, the

Distribution of responsibility along the CO2 value chains (e.g. transfers. entities and supporting them on | transformative role of
across the entirety of CO2 value transportation), which deeply contractual arrangements (e.g. voluntary market and the risk
chain is often blurred (i.e. carbon | challenge SMEs. helping cluster creation). of double claiming should
transportation). Therefore, become a key policy focus.
environmental outcomes are
uncertain, even if the potential is
high.

EnergimyndighetenFun | + 0 0 +/0 +/0 0

d

The Swedish Energy Agency
offers financial support for
industrial initiatives that hold
good potential to contribute to a
resource-efficient and climate
neutral industry. Covered areas
include net zero emissions from

The Swedish Energy Agency
differentiates its grants for
innovators by the needs of start-
ups at successive stages of
development, from the phase of
‘concept development, to

The fund is dedicated to empowering
SMEs and start-ups that often struggle

in the industrial decarbonisation

processes due to the large investments
and financial risks associated with new

technologies adoption.
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Project recipients are free to
use a methodology of their
choice, which create improved
synergies with existing legal
and technological frameworks.
Complementary funds such as
the venture capital offered by
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The Swedish Energy Agency
evaluates the financed projects
by gathering recipients’
feedbacks. Start-ups and SME’s
progress is evaluated using the
KTH Innovation Readiness Level
tool. Recipients also report GHG

The fund focuses on strategic
initiatives that are key to the
Swedish transition. However,
clean energy technology start-
ups still rely on capital sources
such as university incubators,
prizes and own funds before

1.0
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industrial processes, energy and | ‘verification of customers’, and Almi Invest for early stage can | emissions for ten years after the | reaching eligibility for Swedish
resource-efficient production ‘pilot and demonstration’. be further explored. completion of the funded Energy Agency grants. This
processes, and energy and project. hinders the impact the SEA has
climate-smart materials and on the achievement of the
products. climate targets.

Information & Other Initiatives

Fossil-Free Sweden 0 0 + + + 0
This partnership aims at Focused on politics and This policy was conceived to level out Collaborative efforts may also | Collaborative efforts will increase | This initiative was extended to
increasing the pace of the coordination more than on the differences in the commitments make it easier to decarbonise institutional capacity to address | 2024 to support the business
climate transition. It develops specific instruments. towards industrial decarbonisation from | industrial clusters through industrial decarbonisation community in the recovery
national strategies to stimulate the public and private sectors. other policies in the future after the Covid crisis and it
fossil-free competitiveness. expanded assignments locally,

regionally and internationally.

+, Positive result on criterion; —, negative result on criterion; 0, positive nor negative result on criterion (indifferent); +/0/, result on criterion depends on details of implementation (e.g., on allocation in ETS).
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The UK
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Environmental Effectiveness

Economic Effectiveness

Distributional & Equity Effects

Co-benefits & side-effects

Institutional requirements

Transformative potential

+

The environmental effectiveness of the
UK ETS is reliant on an increasing CO2e
price being set through a long-term
reduction in ETS free allowances, which
will provide an economic incentive for
decarbonisation. The predictability of
the CO2e price increase is also
important alongside its long-term
increase in order to enable industry to
develop a business case for
decarbonisation to deploy in the near-
term. If these two factors are met, then
the UK ETS will provide a clear driver for
decarbonisation and allow investment
in decarbonisation measures to be
made. Stakeholders currently have high
confidence in the UK ETS increasing in
price over the long-term, making this
policy environmentally effective.

The ETS also creates a benchmark for
emission reductions for each sector,
which sets a goal for individual
decarbonisation through regulatory and
market pressures, enabling
decarbonisation across all included
sectors. Before 2050, the UK ETS could
also provide a mechanism for carbon
removals, enabling an overshoot of
emissions trajectories to be managed
and increasing its environmental
effectiveness. However, there still
remains a lot of work to be done before
the UK ETS would be ready to play a role
in incentivising carbon removals.

+

Economic effectiveness is at the core of
the UK ETS, as the policy ensures that
polluters will bear the cost burden of
decarbonisation. Associated costs of the
UK ETS for the UK Government/taxpayer
are more closely related to the cost of
running and regulating the allocation,
auction, compliance, and secondary
market processes that are key to the UK
ETS’s function.

In the event of market instability or
volatility in the equivalent carbon price
set by the UK ETS, which would
compromise the ability of the scheme to
help achieve cost-effective
decarbonisation over the long term, cost
containment mechanisms such as
increasing the number of allowances
auctioned within one year or releasing
allowances from the New Entrants’
Reserve helps ensure that the
effectiveness of the UK ETS will be
maintained without requiring additional
investment/action from the
Government.

Whilst a carbon tax regime could
achieve mitigation objectives and the
UK’s net zero target in a more
economically effective way, by providing
revenues which could be used for other
policy instruments related to industrial
decarbonisation, a market-based
approach is better suited to the UK. This
is because whilst there is a strong policy
drive from the UK government to
decarbonise, market forces are seen as
more politically acceptable and have
more support. An approach which
involves more direct market intervention
could risk being altered by future
governments, compromising on the
ability to achieve cost-effective
industrial decarbonisation in the UK.

+

The UK ETS reflects the “polluter
pays” principle by aligning the
required decarbonisation costs
with both the level of emissions
per installation and the sector of
the installation. This ensures
that the costs are borne by
those who are emitting and that
the costs are proportional to the
level of emissions, ensuring the
taxpayer does not bear the
costs of decarbonising carbon
intensive industries.

One potential drawback of this
mechanism with regard to who
bears the cost of
decarbonisation lies in the lack
of regulation on how
installations pay for allowances
or decarbonisation methods.
Installations could in theory
increase their prices for
produced goods, which would
pass on the cost to the
consumer, risking the consumer
bearing some or all of the
penalties of a lack of
decarbonisation and acting
contrary to the ‘polluter pays’
principle that the UK ETS is
based on.

+/o]

A side effect of the ETS is that
costs are likely to be passed to
consumers making products
more expensive and the industrial
site less competitive, with
potential to cause industry
relocation. This has a detrimental
impact on the UK Government’s
priority of maintaining the
competitiveness of UK industries,
however the impact is expected
to be mitigated through the use of
a Carbon Border Adjustment
Mechanism (CBAM) mechanism,
which would place tariffs on
imports of carbon-intensive
products. However, it is worth
noting that while a CBAM has
been recommended by a
governmental review, it has not
been implemented at time of
writing.

The UK ETS and the carbon price it
sets also has significant side
effects on other UK
decarbonisation policies, as the
ETS carbon price projection acts
as the reference price for most
industrial decarbonisation
business models that are based
on a Contracts for Difference
(cfD) model. A stable carbon
price that is increasing over the
long term would improve the
viability of those models, whilst a
volatile carbon price would be
detrimental. The UK ETS’s carbon
price trajectory is used instead of
the real price as linking CfDs
directly to the ETS’s carbon price
could lead to struggles to find
investment in the sector due to
volatility in the reference price.

The UK ETS is still a nascent
scheme, only having begun in 2021,
and stakeholders expressed the
view that the UK was not
sufficiently ready for the transition
point from the EU and UK ETS, which
led to short term volatility in the
carbon price set by the UK ETS.

UK industry was also given
significant time to "ease” into the
UK ETS, which is reflected in the
allocation level of free allowances
and the decision to not apply a
cross-sectoral correction factor for
the period of 2021-2025. This may
have also reflected a lack of
institutional capacity to transition
directly from the EU to the UK ETS
with all measures intact. In the long
term, stakeholders raised
questions about the future
resourcing of the scheme if or
when it extends to include other
sectors and/or a change in
thresholds.

0

The transformative potential of the
UK ETS is highlighted through the
flexibility in decarbonisation
options that it enables - it does not
set a specific route for
sectors/installations to
decarbonise but instead provides
an economic imperative for
installations to decarbonise. If
installations do not decarbonise,
they will be required to purchase
more allowances to comply with
their commitments under the UK
ETS. The transformative potential is
contingent on the level of free
allowances being reduced and
ensuring that industrial production
does not relocate abroad to avoid
the costs of the ETS.

The UK ETS covers sectors
representing 30-40% of all UK
emissions, so its ability to change
the UK’s emissions trajectory is
substantial compared to other
policies examined in this case
study, especially if it was paired
with a CBAM as this would mitigate
the potential for industrial
production to move overseas and
products to then be imported into
the UK.

However, the risk of expanding the
UK ETS to enable further
decarbonisation across multiple
sectors/installations is focused on
the potential divergence from the
EU. This could add more barriers
between the UK and EU ETS, with a
lot of companies having cross-
boundary operations; stakeholders
noted that this would represent a
massive challenge between the
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EU/UK, especially in terms of cross
border storage of CO2.

The environmental effectiveness of the
NZHF is maximised through its
requirement that hydrogen produced
from supported projects must meet the
emissions standards of the Low Carbon
Hydrogen Standard 8. This requirement
ensures that the carbon emissions of
the hydrogen produced is minimised.

The NZHF also takes a technology-
agnostic approach, providing support to
multiple hydrogen production routes at
different levels of technological maturity.
As hydrogen production is an emerging
sector, the approach of not favoring one
production pathway over another
ensures that the NZHF's ability to achieve
its objective of supporting projects
which will contribute to decarbonising
hydrogen production in the UK is
maximised. This is reflected in the fund’s
allocation process, which follows a
“competitive” approach whereby only
the best projects receive funding, but
the competition is against similar
technology developers rather than the
wide breadth of projects focused on
hydrogen production.

The production-led focus of the NZHF
alongside the Low Carbon Hydrogen
Business Model aims to address the
“chicken and egg” problem of the
hydrogen economy, which is currently
nascent. By addressing the barriers to
the hydrogen economy through
supporting production-based projects
in the UK at multiple levels of
technological maturity. The NZHF will
help to enable the future hydrogen
economy in the UK and support the
NZHF’s policy objective of developing the
UK’s clean production hydrogen
capacity.

/o]

The NZHF has a total allocation budget
of £240m, which will increase to £5600m
at a future date. This is likely not enough
money to achieve the UK’s 10GW target
of hydrogen production capacity by
2030. However, the NZHF only provides
support through early CAPEX funding,
minimising the governmental support
available to projects by including a
requirement for the rest of the CAPEX
funding to be provided through private
investment.

The longevity of the supported projects
will therefore depend on the individual
mid- to long- term business cases for
individual projects, as well as other
forms of revenue support such as the
Low Carbon Hydrogen Business Model
(LCHBM), This maximises the impacts of
the support available through the NZHF.
However, stakeholders suggested that
there should have been more money for
high maturity projects to ensure that the
10GW production requirement is
achievable.

The high number of applicants to the
scheme is favourable to the UK
government in terms of economic
effectiveness as it means they can pick
the ‘best’ projects with the highest
chances of success, maximising the
benefits of the money provided through
the NZHF.

Through the NZHF, projects can
bid for up to 20-50% of total
project costs, depending on the
application strand. The rest of
the funding is required to be
provided through private
investment, which reduces the
burden on public money for
funding and ensures that only
projects with enough merit to
receive private investment may
also receive public grant
support. The taxpayer is
therefore not solely bearing the
costs of hydrogen production
projects through the NZHF
(which is funded directly
through public money).
However, there is no gain share
requirement on future revenues
to recipients to enable the
benefits of the public money
provided through the NZHF to be
shared if projects are
particularly successful.

Since the NZHF is linked to the
LCHBM (which is subsidised by
levies) there could have been
an opportunity to replicate this
funding model for the NZHF,
which would ensure that
industry is supporting the cost of
the scheme rather than public
funds. One drawback is that
money may have been wasted
on projects which are not
sanctioned by the LCH business
model or during due diligence
checks.

Low-carbon hydrogen produced
by projects supported by the NZHF
could be used in domestic
transport and fuel switching
applications, which holds the
possibility of decarbonising
multiple industries and facilitating
transitions away from

conventional routes of production.

The NZHF could therefore have
unforeseen consequences on
other sectors through the process
of helping to kick start the
hydrogen economy in the UK.

The NZHF is closely linked with the
LCHBM, as NZHF allocations will be
fully integrated with the LCHBM
allocations - this means that a
single application form can be
used for both schemes and that
the NZHF allocations will have
significant effects on the LCHBM.

The NZHF scoring criteria reflects a
focus on co-benefits afforded by
the scheme, as it values
socioeconomic benefits in terms
of jobs as well as the upskilling
that will be required to materialise
projects. Larger projects would
offer increased job creation, so
socioeconomic value was only
made one of the components of
the selection criteria for the NZHF
rather than the sole criteria in
order to ensure a more level
playing field and a diverse set of
supported projects.

The NZHF is facilitated through the
Cluster Sequencing Programme,
ensuring effective access to
Governmental oversight and
support, and providing ample
institutional monitoring and
resources to support successful
projects through the NZHF. Due to
the NZHF's eligibility requirements
around maturity (TRL of 7, have to
have the finances to begin FEED or
take FID, and a min of 5MW
production capacity), the projects
anticipated to receive support
through this fund are expected to
be more mature, with more
developed engineering, production
capabilities, and MRV technologies,
which will reduce the level of
governmental oversight and
coordination required for NZHF-
supported projects compared to
other schemes which are focused
more on R&D for innovative
technologies.

/o]

Hydrogen produced through
projects supported by the NZHF
have the potential to be used in
domestic transport and fuel
switching applications,
contributing to decarbonisation
pathways for multiple sectors and
industries. However, the longevity
of the projects supported through
the NZHF will depend on the
individual business models of each
project and the long-term
hydrogen market in the UK, which
the NZHF does not make any
provisions to address. The
transformative potential of the
projects supported through this
policy may therefore be limited.

The UK Government has indicated
that the first round of projects
supported (particularly projects
which will utilise grid-supplied
electricity) may not offer the
largest emissions reductions
initially but will do when the
electricity grid is further
decarbonised; the NZHF aims to
ensure that the UK hydrogen
economy will have taken off ahead
of this point, increasing the future
transformative potential to have
an impact on the UK’s emissions
trajectory. To enable a larger
transformative potential, there
could have been more strict
criteria over additionality, but the
goal of the NZHF is not to directly
deliver the maximal emissions
reductions but rather to support
the development of the UK's
hydrogen economy.

® To demonstrate compliance with the Low Carbon Hydrogen Standard, producers of low carbon hydrogen must be able to report a GHG emissions intensity of 20gCO2e/MJLHYV of produced hydrogen or less
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The Industrial Cluster Sequencing
Process recognises that broader
infrastructure for CO2and Hz transport
and storage (T&S) is needed to connect
supply and demand to enable industrial
decarbonisation at scale. Environmental
effectiveness is maximised through the
Sequencing Process by enabling
clusters to act as effective ‘stepping
stones’ for decarbonisation, whereby a
high amount of CO2 [Hais captured or
produced in one areq, leveraging
shared infrastructure and economies of
scale. This approach allows greater
decarbonisation to be reached at a
faster rate, maximising the
environmental effectiveness of the
policy instrument.

The Industrial Cluster Sequencing
Process aims at delivering significant
value for money for the UK Government
by funding shared T&S infrastructure
amongst emitters and encouraging co-
location of projects around resources of
common interest. It also allows projects
within the supported clusters to be
expedited on an accelerated timeline by
securing government-subsidised grants
and revenue guarantee contracts
(including most of the other business
models outlined in this report) and
contributing further to value for money
by leveraging economies of scale,
knowledge sharing and co-location of
low-carbon infrastructure.

An unintended problem with the
accelerated timelines is that many
projects will be competing for similar
resources at the same time, which could
lead to potential market gaps in terms
of required equipment and skills, posing
delays in the project development and
impeding the value for money for the UK
Government through the scheme.
However, this could be mitigated
through wider government support for
skill development.

+/o/

The Track 1 clusters alone
represent 5-8% of UK GHG
emissions, meaning that
targeted support represents an
opportunity for significant deep
decarbonisation. However, there
has been criticism that this has
reduced focus away from other
areas of emissions in more
dispersed sites with less
available pipeline/ coastal T&S
options.

On an equitable level, this could
be evaluated positively or
negatively as the Sequencing
Process proportionally supports
as a priority area where the
majority of industrial emissions
are already located (which
could be seen as equitable) but
early Tracks do not create a
broader portfolio of cluster
types. The Sequencing Process
built upon the Industrial
Decarbonisation Challenge,
which provided money to
develop engineering studies for
a large number of CCS projects.
However, many of these projects
outside of formed clusters have
since seen reduced support,
and their development process
has been delayed, reducing the
equitable nature of the
Sequencing Process.

Industrial Clusters that are eligible
for the Sequencing Process are in
areas traditionally associated with
industrial employment, so there is
anticipated to be targeted
support for generating green job
growth in these communities.
These locations may already have
the opportunities in place for
industrial skills training,
transitioning, and development.
By including targeted support
through the sequencing process,
the co-benefits of the policy
instrument will be maximised.

There may be unintended
consequences from the Industrial
Clusters Sequencing Process for
dispersed industrial sites not
located in the clusters, which may
have to relocate to clusters as a
last option to receive early
support with decarbonisation.
However, Track 2 of the Industrial
Cluster Sequencing Process is
anticipated to include additional
support for road and rail CO,,
which could help to address this
issue.

Outside of the benefit of
widescale CO; reductions,
additionality in environmental
considerations was not an
eligibility nor scoring criteria for
either Phase 1 or 2 funding for
Track 1. Any additional
environmental benefits or harm
will be dependent on specific
projects, locations, and outputs.

Industrial Clusters will depend
heavily on transport and storage
infrastructure if carbon capture is
to play an important role in
decarbonisation (by many
industries it is viewed as essential
to meeting net zero
commitments). In many of the UK
clusters this infrastructure does not
exist, meaning the viability of the
projects depends heavily on
adequate and affordable transport
solutions being developed and
deployed (Phase 1). This creates a
potential “chicken and egg”
problem, as the CCS projects must
be confident on the success of
Phase 1 while they are beginning to
plan projects for Phase 2. The
separation in time between the two
Phases set out by the Sequencing
Process should help mitigate this,
but investment cycles in the
private sector may not align with
the Industrial Cluster Sequencing
Process’s timelines.

The accelerated timelines of the
Industrial Cluster Sequencing
Process also put significant
administrative stress on
government. The program has
already been delayed several
times, which could be a result of
unanticipated levels of interest or
because of the sheer size of the
program, which could bring
political pressure to delay the next
commitment for Track 2 due to
funding concerns.

The Industrial Clusters supported
through Track 1 of the Sequencing
Process alone represent some 5-
8% of UK emissions, with further
Tracks under the Sequencing
Process continuing to reduce
industrial emissions (which make
up approximately 18% of total UK
emissions).The Industrial Cluster
Sequencing Process therefore has
strong potential to achieve
substantial decarbonisation in the
UK, and enables knowledge
sharing within clusters with regard
to the deployment of ‘First of a
Kind’ projects, thus enabling wider
future decarbonisation.

The Clusters Program has a soft
end date of 2030, with the
anticipation that market forces will
continue to drive decarbonisation
beyond that. Within the 2030
timeframe, the clusters program is
expected to expand to new
regions, however there is still some
uncertainty in the specifics of
support (e.g. capex funding is not
currently fully outlined for Track 2)
which may prove a barrier to the
transformative potential of the
policy instrument.

Furthermore, although many of the
contracts in the Cluster
Sequencing Process will expire in
the 2030s, secondary support
within clusters (such as the
Government Support Package in
the CO2 Transport and Storage
Regulatory Investment business
model) will continue. The
infrastructure and early project
support funded through the
Industrial Cluster Sequencing
Process will have beneficial effects
which are expected to outlive the
program and transform the
sectors and projects that it is
supporting.

The CO2 TRI model was established to
provide a stable framework for the

In terms of economic effectiveness, the
privatised model that is set out in the TRI

As a privatised model, the
majority of the costs in the TRI

Providing a framework and
supplementary support for CO2

The T&SCos are expected to own
all relevant transport and storage

/o]

CO2 T&S networks that will be
enabled by the TRI have enormous
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investment and operation of CO2
transport and storage infrastructure.
This model is under enormous pressure
to meet the goals of the 10 Point Plan,
which aims for at least 2 industrial
clusters by the mid-2020s and 4 by
2030, capturing 20-30 MtCO2 annually
by 2030. The TRI model is therefore
critical to the decarbonisation of
industrial clusters in the UK.

The TRI model values “readiness” by
creating a Regulated Asset Base (RAB)
rather than a full government-owned
and operated model. In theory the
companies which already own and
operate pipeline and storage
infrastructure (likely to be mostly within
clusters) should be the earlier CO»
providers and transport and storage
companies (T&SCos). This meets the
temporal requirements of the business
model. However, there is a noted risk of
excluding or otherwise under-
representing more dispersed sites,
which may limit the policy’s
environmental effectiveness. These
dispersed sites have annual emissions
of c.20MtCO», compared to clustered
annual emissions of ¢.33MtCO..

The TRI model recognises the
importance of providing access to T&S
networks for dispersed sites, but does
not give any early support for ship, road,
or rail (non-pipeline transport, NPT)
other than a recognition that these will
be consulted on in the future, which
does not guarantee effectiveness in the
future. The TRI model will likely be
effective in achieving mitigation goals in
a short timeframe but may suffer in
diversity and overall decarbonisation
potential if long-term inclusion of NPT is
not accommodated, which would limit
its environmental effectiveness.

business model will minimise the costs
to the government, especially compared
to a full government-owned and
operated alternative model for CO2
transport and storage. The privatisation
of T&SCos may face several risks
(construction delays, underutilisation,
timing mismatch, leakage, stranded
assets). These risks are largely not fully
mitigated through the Government
Support Package (GSP) set out in the TRI.
This means that the successful
implementation of the T&SCos and TRI
model will be dependent on the
management of the infrastructure and
whether future users will provide the
levels of CO2 expected to meet
anticipated revenues. This will also
minimise the costs to the government
but may introduce risks over the
successful operation of CO2
infrastructure in the UK in the future.

model are borne by the T&SCo
whilst the majority of the
benefits are also received by the
T&SCo, beyond the cost to the
government of regulation and
investment insurances.

In the TRI business model, the
government primarily provides
certain investment assurances
(through the GSP) with a
possibility of direct subsidies.
This is due to the anticipated
private ownership of the
T&SCos, and the hesitation
against over-subsidisation and
potential monopoly formation.
By providing assistance
primarily through the GSP, the
government acts as an
equaliser against some of the
risk which may
disproportionately affects
smaller T&SCos, which may face
more challenges with finding
insurance and higher risk due to
underutilisation.

Furthermore, the T&SCos have a
limit on their “allowed revenue”,
meaning even though there is a
risk of monopolisation of
infrastructure, there is a check
to their profits which ensures
that the benefits to the model
set out in the TRI will be shared.

T&S infrastructure has the
substantial co-benefits of making
other business models which rely
on CO2 T&S viable. For instance, a
stable T&S network provides a
pathway to storage and enables
carbon capture projects in the
Industrial Clusters Competition
Phase 2 to receive support
through their relevant business
models (DPA, ICC, LCHBM).
Without a pathway to storage, the
relevant CfD payments through
those other business models will
be challenging, as they all
specifically require the long-term
storage of CO2. Some projects
may prefer other CO2
sequestration options, but the
overwhelming number are
expected to use geological
sequestration through CO2 T&S
infrastructure.

infrastructure (albeit operated
under separate accounts), as it is
argued that this allows both
government and potential network
users to engage with an integrated
T&SCo and therefore reduces
delivery lead times and
commercial complexity. However,
this also restricts T&SCos to those
which already own and operate
relevant transport infrastructure
and storage sites. These
companies may be also operating
projects which will access the T&S
infrastructure. To mitigate potential
conflicts of interest, the UK
Government requires that T&SCos
are separate legal and financial
entities from their parent
companies. The institutional
requirements are therefore very
low to the TRI, beyond regulation
and investment assurances that
the UK Government provides to the
T&SCos.

transformative potential for the
UK’s decarbonisation. The
transport and storage aspects are
the final elements of multiple
supported projects through other
business models. However, CCS
has previously struggled with a
“chicken and egg” problem,
whereby T&SCos will not be
developed and invested in in the
absence of capture projects, and
capture projects will not be
created without T&S infrastructure.
The successful implementation of
the TRI model will address that
challenge, with the projects
participating in the Industrial
Cluster Sequencing Process
mitigating some of the risk of low
CO2supply typically associated
with T&SCos.

However, the government support
of CCS through the TRI model (and
upstream carbon capture
business models) could be viewed
as prioritising CCS as a preferred
decarbonisation strategy for
Industrial Clusters. This could be at
the detriment of alternative
decarbonisation methods, such as
fuel switching or electrification,
which may offer a more viable
long term decarbonisation route. It
is unclear at present whether
clusters are better served through
heavy investment in one primary
technology (CCS) or multiple
smaller but more diverse
investments in a wider range of
technologies/ practices.

+

The DPA serves the important function of
providing support for power facilities
implementing carbon capture,
facilitating abated dispatchable power
to address energy security risks in the
short- to mid-term. Emissions can be
reduced through the DPA from new and
existing facilities that would otherwise

The DPA provides value for money to the
government by segregating payments
between an Availability and Variable
payment, which allows the facility to
provide decarbonised dispatchable
power at times when it is most
economically effective for the facility
and therefore times where it is needed

As the DPA counterparty will be
the Low Carbon Contracts
Company, Ltd (a fully
government owned company),
the UK Government and
taxpayer will bear the cost of the
subsidy in the CfD model set out
under the DPA. However, the

/o]

In terms of co-benefits and side
effects, there are multiple
arguments for and against
subsiding power generation of a
non-renewable original, even with
CCUS installed. Generators and
project developers may not be
fully incentivised to transition to

The DPA relies on many
mechanisms from previous
subsidy schemes (such as
Availability/Variable Payments and
LCCC), which reduces the
institutional requirements by
following existing mechanisms. The
Low Carbon Contracts Company is

/o]

The DPA could enable short/mid-
term decarbonisation of
dispatchable power generation via
natural gas. However, it is currently
unclear what role natural gas will
play in the energy grid beyond
2030. While the short-term
contracts certainly indicate
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be providing unabated power. As other
renewable dispatchable energy sources
during the short- to medium-term will
still nascent, the DPA can be seen to
provide a critical solution to
decarbonise energy supply whilst
reducing energy security risks during
this timeframe, effectively achieving the
aim of supporting grid stability and
decarbonisation in the short to medium
term.

However, the DPA does not guarantee /
ensure long-term emissions reductions
beyond the length of the contract, nor
does it provide thresholds for
environmental standards on sourcing of
power generation with consideration of
supply chain emissions.

most on a grid level, avoiding over-
subsidisation by targeting higher levels
of support only when the facility is in
operation.

Whilst the DPA may lead to higher costs
of electricity generation from eligible
facilities relative to renewables
resources, it will lead to a minimisation
of costs for decarbonisation of the
electricity grid for the UK on a whole by
incentivising provision of dispatchable
abated power. Value for money is
further pursued by the government
through the Gain Share Agreement set
out in the DPA< which ensures that both
the user and the public counterparty
receive the benefits from the sale of the
generated power.

gain share agreement provides
favourable terms to the LCCC
based on the share of the risk in
the initial investment, which is
predominantly borne by the
private operator. Private
stakeholders expressed a view
that the gain share was unfairly
weighted towards the public
body in terms of risk, but this
does not reflect the level of
guaranteed support available to
facilities through the availability
payment that applies even if the
facilities were not to provide
dispatchable power at any
point during the project lifetime.

more long-term sustainable
solutions (there are merits behind
fuel switching or electrification
depending on supply chain
emissions), but the DPA also
allows these generators to act as
a low-carbon buffer in case of
times of particularly low
renewable generation e.g., instead
of switching on unabated natural
gas or coal fired power stations to
meet demand peaks.

Stakeholder engagement and
research showed that some
proponents argue that natural
gas generated power has some
merit in energy grids as a way of
addressing potential energy
security risks while renewable
generation capacity is
developing, however over-
reliance on natural gas buffers
could lead to the detriment side
effects on the development of
other low carbon dispatchable
solutions. This will be a balance
between energy carbon intensity,
availability of feedstock/ power
source, and cost.

also the counterparty to other
subsidy schemes, so there is
existing institutional knowledge
and expertise in these policy
mechanisms available for the DPA.
The DPA is also quite flexible in
eligibility, with new builds and
retrofits both eligible. This is to
reflect the “ready-made” nature of
the DPA to provide a short-term
(10-15 year) decarbonisation
solution rather than enact
foundational industrial changes,
which would have substantially
more significant institutional
requirements

Cost was one of the lowest-ranked
criteria for the DPA, reflecting the
focus of the UK Government on
other benefits from supported
projects. The UK Government has
indicated that they don’t want to
allocate money to projects that fail
- deliverability under the DPA has
been prioritised, an effective
measure to ensure that the DPA is
successful in its policy aims.

abated natural gas-sourced
dispatchable power in the
short/mid-term, it is unclear if this
share is expected to grow or shrink
with energy policy and external
supply chain influences, so the
transformative potential of the DPA
in the long term is likely to be
dependent upon the role of natural
gas in the UK energy grid beyond
2030.

However, in the short/mid-term
DPA contract period, other flexible
power generation and/or low
carbon energy storage means are
not yet to scale, meaning the DPA
provides one of the only
immediate and scalable low
carbon solution to energy security
concerns.

Stakeholders also suggested that
First of a Kind (FOAK) projects
could be assessed and supported
differently through the DPA to
encourage more innovative and
potentially less carbon intensive
dispatchable energy solutions for
the mid/long—term, which would
increase the transformative
potential of the policy instrument.

fo]

The ICC business model provides
support for both new-build and retrofit
CCS project, and CCS is expected to
play a critical role in meeting UK's net
zero targets. The decision within the ICC
model to provide both initial capex
investment/ support as well as ongoing
revenue support through a CfD model
grants mitigates substantial early
project financing risks and helps to
provide an initial emissions reduction
pathway across several high-emitting
industries, maximising the policy’s
environmental effectiveness.

However, the role of CCS when
compared with other decarbonisation
options is currently being debated, and
opponents argue that CCS it is not as
effective at promoting long-term

The ICC contract provides a substantial
volume of support to business model
stability. It offers an initial 50% capital
grant (at the time only guaranteed for
Track 1 projects), a capex loan
repayable over 10 years (dependent on
carbon captured), and revenue support
over 10 years which mitigates against
the additional operating expenditure of
the carbon capture equipment and CO»
T&S. However, the substantial support is
provided to incentivise the deployment
of carbon capture technology by
industrial users, who often have no
viable alternative to achieve deep
decarbonisation, so a balance between
value for money and effective
decarbonisation must be made.

Projects are made to
demonstrate that eligibility for
the capex co-funding is made
contingent on private funding
covering the rest of the capital
costs, ensuring that not all of the
costs are supported by public
funding and that the costs and
risks are shared with the private
sector/facility operator.
However, the taxpayer bears the
burden for the rest of the
contract not funded privately, as
it is funded in part through the
£1bn CCS Infrastructure Fund.

The ICC model also requires
installations to surrender free
allowances in the Emissions

The generic ICC contract has an
energy from waste specific
variation called the Waste ICC
Contract, in which biogenic (and
thus “negative”) emissions are not
counted when calculating the
applicable carbon reference
price. This means that captured
biogenic emissions result in a
larger difference between the
reference and strike price, and
thus a larger revenue support
payment. This could be
considered as one of the first
viable revenue mechanisms for
negative emissions/GGRs in the
UK, which could provide
significant benefits and impacts
to the future development of the
sector in the UK.

As the ICC contract is eligible for
fossil and biogenic CO,, as well as
combined heat and power,
capture as a service, and waste
management, there are a broad
range of applicable variations and
industries. While some sites may
be ill-equipped for a CCS retrofit,
the business model overall is quite
flexible with regards to existing
requirements, minimising the
institutional capacity required to
assess and maintain eligibility.

However, as with other policies and
business models implemented
under the Clusters Sequencing
Process, due to the scale of the
program there is sufficient

The ICC Contracts will be awarded
in Phase 2 of the Cluster
Sequencing Competition, meaning
the transformative potential of the
ICC business model will be
focused on CCS projects within
industrial clusters, some of the
highest emitting areas in the
country. These clusters are also
where a majority of point source
emissions most suitable for CCS
new builds and retrofits are
located. The timing of the projects
with the Clusters program means
rapid decarbonisation up to 2030
is prioritised and facilitated
through the ICC, maximising the
transformative potential of the

policy.
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emission reduction solutions for energy-
intensive industries than other low-
carbon technological solutions,
meaning that the ICC may not support
long-term emissions reductions or could
lead to overreliance on costly CCS
technologies. This reduces the
environmental effectiveness of the
policy instrument.

The overall environmental footprint of
the Waste ICC contract will also have to
consider the full LCA and supply chain
emissions of biomass and other
biogenic feedstocks. At present these
value chains are still unclear, so the
overall environmental effectiveness will
be dependent on the specific supply
chains of feedstocks; though the Waste
ICC model may incentivise negative
emissions such as BECCS, which would
make environmentally effective as a
decarbonisation policy.

Furthermore, the ability to negotiate
individual CfD strike prices for each
project helps to align key project needs
with specific government support. As
with many of the other business models,
following a CfD model ensures that the
government is not over subsidising the
supported facility. The additional capex
support provided through a loan
repayable on a £/tCO. captured basis
ensures that projects are not over-
subsidised with only simple grants.
Funding sources are thus expected to be
a mixture of grants, low-interest loans,
and private investment.

Trading Scheme (ETS), meaning
plants cannot profit both via ETS
compliance and through the
ICC from public funding. This
ensures that the benefits
through public funding to ICC-
supported installations are
limited.

institutional capacity to implement,
manage and monitor the ICC.

Eligible projects also have to prove
a “route to storage”. For those
capture projects outside of an
awarded cluster region,
connectivity to storage routes
proves challenging, and a solution
is not necessarily presented within
the business model, which
suggests that there are not
sufficient measures in place within
the policy to support the
implementation of capture
projects outside of awarded cluster
regions.

+

The LCHBM requires that hydrogen meet
environmental thresholds set by the Low
Carbon Hydrogen Standard (LCHS). This
helps ensure that the production of
hydrogen to meet the 10GW 2030 goal
does not include carbon with high direct
or residual emissions, maximising the
environmental effectiveness of the
policy instrument.

An issue with the LCHS is related to
projects that will source energy from the
grid. Months with higher grid carbon
intensity could threaten the eligibility of
projects under the LCHBM, which could
leave the issue of a stranded asset
unable to meet LCHS for support and
limiting the environmental effectiveness
of the policy. However, this risk is
expected to decrease upon broader grid
decarbonisation in the 2020s.

The LCHBM incentivises multiple
technologies, increasing the
effectiveness of the policy instrument by
not specifying a defined production
technology. However, the LCHBM is not
strictly technology agnostic — it supports
and incentivises both green and blue
hydrogen production but leaves out
other production routes such as

The LCHBM CfD mechanism includes a
dual reference price where the
reference price is the greater between
the reference natural gas price and the
achieved hydrogen sales price.
Therefore, as long as the hydrogen
producer is producing, they are
protected against low sales prices. From
the UK Government's perspective, using
a CfD model with two reference prices
ensures value for money by reducing
over subsidisation and accounting for
changes in the market value of the
hydrogen produced, whilst reducing
volatility for project developers.

The use of natural gas prices as one of
the price floors is justified on a value for
money perspective despite the recent
volatility and price crisis as industry is
still using natural gas as their preferred
feedstock/fuel and it is the closest
example of fuel to hydrogen that we
currently use at scale.

The reference price and CfD
model helps to equalise the
distribution of the costs and
benefits through the LCHBM as
the reference price is the
greater between the reference
natural gas price and achieved
sales price. The governmental
support tapers off as the sales
price increases above the strike
price, i.e, as hydrogen
production becomes an
inherently profitable venture.
This protects the taxpayer from
over-subsidisation by reducing
the costs of public funding when
the sales price is high. However,
there is no provision for a gain
share mechanism under the
LCHBM for when prices are
significantly higher than the
strike price, unlike in CfD models
used for renewables in the UK.
The sliding scale of volume
support allows for a higher level
of price support on initial
production volumes whilst the
level of price support tapers off
as volumes increase, offering
protection from over-
subsidisation. Offtake risk is also

lo]

Projects applying to the LCHBM
are weighted on a 20% basis on
the economic co-benefits of the
project, so there is adequate
provision for co-benefits
associated with the project. The
real co-benefits of each project
will vary with relation to
employment opportunities, supply
chain growth, technology
development, etc.

There could be a risk of over
subsidisation of hydrogen
production over other low carbon
options through the LCHBM,
holding negative implications for
alternative technologies and
sectors, but the benefit of focusing
on hydrogen is that it scales very
quickly to market readiness, which
will be required for the hydrogen
economy in the UK to take off.

A challenge not addressed
through the LCHBM is how to
support dispersed hydrogen
production sites that are not
connected to transport and
storage infrastructure, which is a

The LCHBM is facilitated through
the Cluster Sequencing Process,
ensuring effective access to
Governmental oversight and
support, and providing ample
institutional monitoring and
resources to support successful
projects through the LCHBM. The
LCHBM is also integrated into the
NZHF applications, minimising the
institutional requirements for both
schemes

However, the LCHBM is heavily
linked to the LCHS, which through
the LCHBM must be self-reported.
This is arisk that is not addressed
effectively at present for early
projects under the LCHBM, as there
are risks about effective monitoring
of the carbon emissions
associated with supported projects
if the emissions are to be self-
reported and there is a vested
economic interest by producers to
meet the LCHS.

The LCHBM is designed to support
national hydrogen production over
its most vulnerable stage, which is
the period of lower hydrogen
prices which make unsubsidised
commercial business models
untenabile, kickstarting the growth
of the hydrogen economy in the UK
alongside the NZHF and supporting
transformational change in
emissions trajectories.

Hydrogen could be one of the
primary low carbon energy vectors
and fuels in a decarbonised UK
economy, therefore this policy has
substantial transformative
potential if it succeeds in scaling
low carbon hydrogen production
and insulates those producers
from significant early project risks.

The LCHBM is informed based on
significant engagement with
stakeholders and has
demonstrated interest and
investment from the private sector,
which increases the likelihood that
the policy will have a substantial
and transformative impact on
emissions trajectories
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pyrolysis and gasification, which could
play a role in future hydrogen
production.

managed by the producer, with
the government not providing
purchase guarantees under the
LCHBM.

general issue with the Cluster
Sequencing Process.
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Annex 2. Portfolio of case-stories on lessons learned
from MCA criteria and national policy cases

This Annex serves as a supplementary component that provides information to bolster
the main content presented in the section 3. Readers will find more in depth insights on
the evaluation criteria used in this report and case studies analyzed. This section
provides a portfolio of Boxes illustrating policy cases against each of the criteria used in
this report.

Environmental effectiveness

Developing and implementing effective policy instruments need to take into
consideration their environmental effectiveness. ‘[Glood policy actually delivers on the
goal that it is intended to meet’ (Johansson et al,, 2018, p. 34). Industrial decarbonisation
policy has a twofold objective, to deliver climate mitigation while supporting industrial
competitiveness (Skjoerseth, 2021). Environmental effectiveness was ranked as Fairly
Effective, in average, suggesting overall this was an important component in policy
design in the selected countries. The Netherlands, Sweden, and the UK scored
consistently higher in this category than Belgium and Spain.

Further efforts to improve the environmental effectiveness of the regressive tariffs in the
Dutch Energy Tax, implementation of the Net reverse auctions to support BECCS’ in
Sweden, and the UK’s Industrial Carbon Capture Business Model® are required to level up
the environmental effectiveness criteria from “Fairly Effective” to “Effective” in these three
policy packages.

In Spain, the limited scope of GHG's covered by carbon taxes, the free allowances under
the EU ETS, and regressive tariffs for energy taxes make the Spanish policy package
underscore in the environmental effectiveness criterion. In Belgium, the Energy Transition

7 This policy is the most ‘fit-for-purpose’ due to the large biogenic CO2 emissions in Sweden. Once scaled-up,
it has potential to reduce 23.7 Mt of CO2 territorial emissions. Underperformance risks continue hindering BECCS
scalability, since pre-qualification criteria and hon-compliance penalties are not included in the auction’s
design. Distribution of responsibility across the entirety of CO2 value chain is often blurred (i.e. carbon
transportation). Therefore, environmental outcomes are uncertain, even if the potential is high.

8 However, the role of CCS when compared with other decarbonisation options is currently being debated, and
opponents argue that CCS it is not as effective at promoting long-term emission reduction solutions for
energy-intensive industries than other low-carbon technological solutions, meaning that the ICC may not
support long-term emissions reductions or could lead to overreliance on costly CCS technologies.
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Fund®, the EU Innovation Fund®, and the Flemish Climate Fund deserve some
considerations to level up the overall environmental effectiveness of the Belgian policy
package. Addressing the environmental effectiveness of these instruments, in the
Spanish and Belgian packages might help levelling up their package evaluations from
“Fair” to “Fairly Effective”.

A deeper dive into the case of Sweden provides an example of a fairly effective
evaluation on the environmental effectiveness of the Swedish package (Box 1), while a
case of Spain (Box 2) illustrates how the implementation of available instruments may
hinder environmental effectiveness.

Box 1. Sweden: Lessons from an Environmentally Fairly Effective package.

Since most industrial carbon emissions in sectors such as cement, steel,
petrochemicals, and refineries in Sweden are concentrated among a few major
players in a geographically defined locations, a limited number of large investment
projects can achieve a high degree of environmental effectiveness. Industrial policies
such as the Industry Leap may contribute to such Investments.

Sweden adopted the Climate Act under the National Climate Policy Framework, which
makes national climate neutrality goals legal binding and not depending on political
changes. The policy package exhibits overreliance on negative emissions and BECCS,
although BECCS have a lot of potential domestically. The available policy instruments
can stimulate BECCS adoption, but much depends on the implementation of the Net
reserve auctions. With the recent change in government, more willingness is noted to
consider CCS for fossil fuel processes, including in industry, as well as enhance nuclear
energy.

Voluntary partnerships, such as Fossil Free Sweden, are examples of bottom-up
approach towards industrial decarbonisation. They can be helpful also in fostering
coordination within value chains. Several demonstration projects funded by EU
Innovation Fund - although limited in its amounts — proves useful for Swedish
companies. Although effectiveness of ETS price signals has been undermined for a
long period, the recent rise of ETS price may the case of inclusion of negative emissions
even more compelling for Sweden. At the same time carbon tax does not apply to
industrial emissions; sectoral exemptions prevent carbon leakage.

% The Fund supports energy transition within the federal competences, i.e. (i) renewable energy sources in the
Belgian exclusive economic zone of the North Sea and biofuels; (ii) nuclear energy applications; and (iii)
security of supply and grid balance.

1° The complex financial requirements constrain technologies adopters from relying on the EU Innovation Fund.
Outcomes of applications are uncertain, which also make it more difficult to attract additional capital.
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Box 2. Spain: Lessons from an Environmentally Moderate policy case

The environmental effectiveness of the Spanish policy case to decarbonise the
industry is moderate and it is mainly weakened by its current structure of energy and
carbon taxes. Carbon Taxes (only to fluorinated gases which account for 3% of the
total GHG emissions) and the tax component of specific fuel taxes (e.g. electricity 2%,
gas 5%) are both marginal. Moreover, these taxes do not levy the carbon content of
electricity or gas. Instead, they tax units of consumption. Carbon and Energy Taxes are
perceived as environmentally ineffective for two reasons. The low coverage and rate
of the taxes do not translate into incentives to reduce emissions. Moreover, the current
decarbonisation technologies are limited and do not provide decarbonisation
alternatives to industries.

The EU ETS is the main instrument supporting the industrial decarbonisation in Spain.
Nevertheless, it deserves further considerations as a key player in delivering
environmental effectiveness to the Spanish policy case. The EU ETS covers 40% of the
total emissions in Spain, and the industry is responsible for 16% of the total emissions
in the country. Efforts to increase the coverage of the EU ETS in Spain are yet to be
placed (both in direct and indirect emissions).

As a result of the increasing energy prices in 2021 and 2022, indirect emissions under
the EU ETS benefit from a €2.9 bilion scheme to compensate energy-intensive
companies. Although necessary to cushion competitiveness, this compensation does
not aim at reducing (indirect) emissions by industry nor at economically accounting
for them.

In principle, the design of the EU ETS clearly delineates what, when, an how emissions
need to be reduced. Nevertheless, the environmental effectiveness depends on details
of its implementation. The current industrial competitiveness support versus
protecting the environment debates raises question around the environmental
effectiveness and therefore the transformative potential of the EU ETS.

Economic effectiveness

‘The policy should be cost-effective both in the short and long-term, i.e, meet the goal
at low cost. It is here interpreted as a policy that encourages a low-cost mitigation
pathway while keeping administrative costs at a low level’ (Johansson et al,, 2018, p. 34).
The economic effectiveness of the cases was evaluated as Fairly Effective in the way
they address mitigation from a low-cost perspective, suggesting overall this was an
important component in policy design in the selected countries. Spain, the Netherlands,
and the UK scored consistently higher in this category than Belgium and Sweden.

Further efforts to improve the environmental implications of the economic effectiveness
of the regressive tariffs schemes in the Dutch and Spanish energy taxes is suggested. In
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Spain, the low coverage tariffs, and rates of energy taxes on industrial consumers are yet
to internalise the social cost of industrial processes. In the UK, the Net-Zero Hydrogen
Fund requires to observe the extent to which the instrument delivers climate objectives
at a low mitigation cost in the long-term. Addressing these observations could help to
level up the economic effectiveness criteria from “Fairly Effective” to “Effective” in these
three policy cases.

Both Belgium and Sweden could level up their economic effectiveness by revising their
industrial subsidy programmes. Sweden could further revise its Industry Leap and
Climate Leap instruments. Addressing these observations could help to level up the
economic effectiveness criteria from “Moderate” to “Fairly Effective” in these two policy
cases.

A zoom into the cases of Sweden (Box 3) and the UK (Box 4) provide insightful examples
on how the former has been ranked as “Moderate” and the latter as “Fairly Effective”,
against the economic effectiveness criterion. To whom the benefits and costs are
targeted to, either by design or unintentionally, is a question addressed in the following
heading.

Box 3. Sweden: Lessons from an Economically Moderate policy case.

Market dynamics alone is insufficient for decarbonisation. While there is a growing
voluntary carbon market and willingness among industrial stakeholders to adopt low-
carbon technologies, government policies are necessary to support technologically
feasible and economically viable options for national industrial decarbonisation. Deep
collaboration between private and public stakeholders is therefore required. Thus,
regulatory interventions and long-term policy support are needed to make
economically effective technologies with low maturity viable.

BECCS has significant potential in Sweden due to existing use and availability of
biomass being widespread. Applying the Net reversed auctions to BECCS moves in the
direction of economic effectiveness. However, unlocking this potential requires robust
economic incentives, such as through the implementation of these auctions, which
translates into CDR being a costly subsidy policy for the public sector. The existing
policy instruments supporting CCS and BECCS still face a gap between the actual
policy and the required incentive structures. Reverse auctions provide a cost-effective
solution for implementing interim BECCS policies by promoting price discovery
through competitive bidding. By fostering price competition among bidders, negative
emissions can be achieved at the lowest cost possible. This approach is particularly
advantageous at the initial stage, as the companies developing the technologies are
likely to have the most accurate understanding of the actual costs associated with
BECCS (ibid). However, the specific costs incurred by bidders in the Net reversed
auctions for BECCS are still largely unknown.

Industrial Leap foresees large scale subsidies made available for emissions reductions
project in industry and CDR projects. These subsidies can be economically effective to
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the extent that they can induce learning and thereby reduce technology costs.
However, they may not be technologically neutral, as well as they may not always
reduce emissions at the lowest cost.

Box 4. The UK: Lessons from an almost Economically Effective policy case

The Net-Zero Hydrogen Fund (NZHF) was the only instrument in the UK’s policy case
that did not rank as effective against the economic effectiveness criteria.

The NZFH has a total allocation budget of £240m, which will increase to £500m at a
future date. This is likely not enough money to achieve the UK’'s 10GW target of
hydrogen production capacity by 2030. However, the NZHF only provides support
through early CAPEX funding, minimising the governmental support available to
projects by including a requirement for the rest of the CAPEX funding to be provided
through private investment.

In the event of market instability or volatility in the equivalent carbon price set by the
UK ETS, which would compromise the ability of the scheme to help achieve cost-
effective decarbonisation over the long term, cost containment mechanisms such as
increasing the number of allowances auctioned within one year or releasing
allowances from the New Entrants’ Reserve helps ensure that the effectiveness of the
UK ETS will be maintained without requiring additional investment/action from the
government.

Whilst a carbon tax regime could achieve mitigation objectives and the UK's net zero
target in a more economically effective way, by providing revenues which could be
used for other policy instruments related to industrial decarbonisation, a market-
based approach is better suited to the UK. This is because whilst there is a strong policy
drive from the UK government to decarbonise, market forces are seen as more
politically acceptable and have more support. An approach which involves more
direct market intervention could risk being altered by future governments,
compromising the ability to achieve cost-effective industrial decarbonisation in the
UK.

The Economic Effectiveness of the NZHF is linked to its Transformative Potential.

Hydrogen produced through projects supported by the NZHF have the potential to be
used in domestic transport and fuel switching applications, contributing to
decarbonisation pathways for multiple sectors and industries. However, the longevity
of the projects supported through the NZHF will depend on the individual business
models of each project and the long-term hydrogen market in the UK, which the NZHF
does not make any provisions to address. The transformative potential of the projects
supported through this policy may therefore be limited.
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The UK Government has indicated that the first round of projects supported
(particularly projects which will utilise grid-supplied electricity) may not offer the
largest emissions reductions initially but will do when the electricity grid is further
decarbonised; the NZHF aims to ensure that the UK hydrogen economy will have taken
off ahead of this point, increasing the future transformative potential to have an
impact on the UK’'s emissions trajectory. To enable a larger transformative potential,
there could have been more strict criteria over additionality, but the goal of the NZHF
is not to directly deliver the maximal emissions reductions but rather to support the
development of the UK's hydrogen economy.

Distributional effectiveness

Economic costs and benefits of applying policy instruments might not necessarily get
distributed equally among different societal groups or sectors (see Zachmann et al.
2018). Distributional effects relate to ‘the fairness of the instrument in distributing
emission rights, compliance costs and benefits among entities (countries/sectors) for
accomplishing GHG emission reductions’ (Vaillancourt and Waaub, 2004; Konidari &
Mavrakis, 2007). This has implications on the wider fairness of an instrument in terms of
what groups or sectors carry the burden of the instrument and who harvests its benefits.
For instance, benefits and burdens might affect differently to public purses, different
industries, consumers, and taxpayers (Baranzini et al,, 2017).

This criterion was ranked as Moderate, suggesting this could be an area of improvement
in future policy design. The Netherlands and UK scored consistently higher in this
category than Belgium, Spain, and Sweden. A zoom into the cases of Sweden (Box 5)
provides insightful examples on how a policy case is Moderate with regards to
distributional effectiveness (and how to level-up). A zoom into the case of the UK (Box 6)
elaborates on what made its policy packages stand up in terms of their distributional
effectiveness or what is yet to be addressed to level up the UK package’s evaluations.

Box 5.
Sweden: Lessons from a distributionally Moderate policy case

Generously allocated substantial financial resources to the industry in form of subsidy
programmes inevitably impact various parts of Swedish society, underscoring the
importance for the Swedish government to improve societal acceptance of industrial
decarbonisation policies. The distributional performance of the Swedish policy mix
could improve if more private financing being committed for industrial
decarbonisation. Other factors that can improve distributional outcomes are more
explicit strategies for SMEs and for a just transition, also by better implementation of
e.g. the Climate Leap or similar policy instruments.
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Box 6. The UK: Lessons from a distributionally Fairly Effective policy case

One trigger point to level up the distributional effectiveness of the UK’s policy case is
by targeting the Industrial Cluster Sequencing Process instrument. This instrument
received the lowest evaluation within the distributional criteria.

The Industrial Cluster Sequencing Process recognises that broader infrastructure for
CO; and H, transport and storage (T&S) is needed to connect supply and demand to
enable industrial decarbonisation at scale. Although its environmental effectiveness
is maximised through the Sequencing Process by enabling clusters to act as effective
‘stepping stones’ for decarbonisation, whereby a high amount of CO, [H, is captured
or produced in one areq, leveraging shared infrastructure and economies of scale,
there is a downside.

An unintended problem with the accelerated timelines is that many projects will be
competing for similar resources at the same time, which could lead to potential
market gaps in terms of required equipment and skills, posing delays in the project
development and impeding the value for money for the UK Government through the
scheme. However, this could be mitigated through wider government support for skill
development.

Additionally, the Track 1 clusters alone represent 5-8% of UK GHG emissions, meaning
that targeted support represents an opportunity for significant deep decarbonisation.
However, there has been criticism that this has reduced focus away from other areas
of emissions in more dispersed sites with less available pipeline/ coastal T&S options.

On an equitable level, this could be evaluated positively or negatively as the
Sequencing Process proportionally supports as a priority area where the majority of
industrial emissions are already located (which could be seen as equitable) but early
Tracks do not create a broader portfolio of cluster types. The Sequencing Process built
upon the Industrial Decarbonisation Challenge, which provided money to develop
engineering studies for a large number of CCS projects. However, many of these
projects outside of formed clusters have since seen reduced support, and their
development process has been delayed, reducing the equitable nature of the
Sequencing Process.

Co-benefits & side-effects
Climate change mitigation policies can have effects on other objectives, either positive
co-benefits or negative side-effects(Mayrhofer and Gupta 2016; Karlsson et al. 2020).
Conversely, impacts on emissions can also arise as side-effects of other policies. For
instance, there can be various interactions between climate change mitigation and the
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Sustainable Development Goals (Liu et al. 2019). For the Ells 7" and 9t SDG's become
relevant in this analysis as they can benefit from more affordable and clean energy, and
contribute to innovating the industry and its related infrastructures (transport and
storage). This criterion was ranked as Fairly Effective, suggesting overall this was an
important component in policy design in the selected countries.

Spain, the Netherlands, and the UK scored consistently higher in this category than
Belgium and Sweden. A zoom into the cases of Spain and the Netherlands provides
insightful examples on how a policy case is “Fairly Effective” with regards to co-benefits
effectiveness (Boxes 7 and 8).

Box 7. Spain: A Fairly Effective combination of co-benefits and negative side-effects

The policy case of Spain presents a combination of both co-benefits and negative
side-effects. For example, the EU ETS additional scheme to compensate energy-
intensive companies for higher electricity prices places co-benefits in protecting the
local industry while observing a just transition towards decarbonisation. A just
transition is crucial since the processes of decarbonisation might rise questions
around social justice at wide. Although the ETS is perceived as mainly the only
instrument being used to decarbonise the industry in Spain, it is also viewed as not
having co-benefits with other policies or instruments. Having free allowances in place
prevents carbon leakage and supports European competitiveness. However, free
allowances also prevent attaining deeper emissions reductions from the Ell.

On the other hand, the design of the Strategic Fund observes positive side-effects. The
scope of the instrument aims at supporting related key growth areas to
decarbonisation. Among others, it aims at supporting education and training, health,
R&D, ICT, innovation, renewable energy, and energy efficiency. However, its evaluation
marked as ‘it depends on details of implementation’ since it is yet to prove its
effectiveness in the long term. This is a prevalent perception by stakeholders in Spain.

On a similar note, the Recovery and Resilience Plan provides pivotal interventions that
aim at increasing economy’s resilience by addressing different societally dimensions
beyond sustainability. The Plan supports the decarbonisation of the energy sector. It
incentivises such transformation with an investment of €6.1 billion supporting clean
technologies and infrastructure, and the development and use of renewable energy
sources. Although such investments do not aim directly at the industry, the Plan aims
at decarbonising energy sources and having as a side-effect renewable energy load
to power the industry (see SDG 7 Affordable and Clean Energy and SDG 9 Industry,
Innovation, and Infrastructure). However, its evaluation scored as ‘it depends on
details of implementation’ since it is yet to prove its effectiveness in the long term. This
is a prevalent perception by stakeholders in Spain.
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Judging Carbon Taxes against this criterion becomes difficult since there is a non-
explicit Carbon Tax in Spain. Carbon Taxes ranked negative in most of the criteria. On
a similar note, energy taxes lack a substantial tax component of the total prices of
energy and gas. Both, energy and carbon taxes constrain having a higher
environmental tax revenue and budget. Therefore, it places a negative side-effect on
potential environmental-related expenditure. Moreover, the characteristics of these
instruments do not support transitioning towards cleaner energy nor transforming the
industry (SDG 7 Affordable and Clean Energy and SDG 9 Industry, Innovation, and
Infrastructure). It is actually perceived as sending a low carbon price-signal to
industries at the cost of keeping local industry competitive.

Mission-oriented programmes supporting the development of infrastructures for
hydrogen might consequently contribute to enable either RET and CCS developments
in the future.

Similarly, renewable CfDs aim to address the additional costs of generating renewable
electricity as compared to conventional energy generation. Although this instrument
does not support the industry directly, it spills its effects on facilitating the industry to
decarbonise. It aims at promoting sustainable industrialisation by means of
increasing and supporting renewable energy use (as developed in the policy
objectives of the 7th and 9th SDG's).

Box 8. The Netherlands: A Fairly Effective combination of co-benefits and negative
side-effects.

The Carbon Tax has been judged against the criterion of co-benefits and side-effects
as “depends on details of implementation”. The tax burden might steer industries to
look for the lowest cost of operation. This might have consequences on investments
going abroad and therefore running the risk of potential carbon leakages. One of the
Big Four international business consultancy firms explains that ‘[d]ue to the high
investment costs, large industrial parties are looking decades ahead when planning
their investments. Based on the total expected costs over the depreciation period,
companies make an analysis of whether an investment can be made profitable.
Companies are currently already wondering whether they will be able to make major
maintenance investments here.” or initial investments somewhere else
(PricewaterhouseCoopers, 2022). A policy whose aim is to have a co-benefit might
also turned out to deliver negative side-effects in some cases, as discussed.

The current configuration of the energy tax and surcharges are an example of both,
co-benefits and negative-effects branching out as effects of an instrument. Their
current preferential tariffs consequently incentivise the use of natural gas instead of
electricity making the former more affordable. On the other hand, after removing the
exemptions to energy tax and surcharges, the instrument delivers co-benefits in two
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ways. First, if renewable, energy inputs to industry will directly end up as close to zero
emissions as outputs (depending on the scope and sourcing). Second, when
industries’ choice is to keep on using natural gas as energy input, the tax revenue
might help financing renewable energy projects or any other initiative to decarbonise
the industry.

The SDE++ has two sides of the coin. Initially, as originally designed in 2008, the
instrument was designed to support renewable energy transitions. Lately, it has
broadened up its eligibility criteria to consider sustainable energy transitions options
beyond renewable energy technologies. Since 2020, CO,-reducing options other than
renewable energy also qualify for the subsidy. This instrument becomes particularly
interesting for CCS, as one of the technologies supported by the Dutch policy case.
Such expansion of technologies qualified can be seen as both positive and negative.
On one hand, the instrument evolution affects positively to having a more diverse
portfolio of decarbonisation options. On the other hand, decarbonisation options have
to compete to obtain a share of the total SDE++ budget.

Institutional Requirements
To guarantee that policies and instruments are effectively implemented, institutional
prerequisites need to be considered. For instance, such requirements might include the
implementation of institutions and mechanisms to monitor actions, emissions, and the
enforcement in case of non-compliance (Jewell & Cherp, 2020).

This category was ranked as Fair, suggesting overall this could be an area of
improvement in future policy design. Spain, the Netherlands, and Sweden scored
consistently higher in this category than Belgium and the UK. To arrive at “Effective”
institutional requirements policy cases, interventions are needed as shown below in the
cases of the UK (Box 9) and the Netherlands and Sweden (Box 10).

Box 9. The UK: Emerging Institutional Requirements. Areas of improvement to level-
up Institutional Requirements to a Fairly Effective evaluation.

The UK case provides an example of emerging Institutional Requirements going along
with its emerging policy instruments. The UK ETS is still a nascent scheme, only having
begun in 2021, and stakeholders expressed the view that the UK was not sufficiently
ready for the transition point from the EU and UK ETS, which led to short term volatility
in the carbon price set by the UK ETS.

The UK industry was also given significant time to "ease” into the UK ETS, which is
reflected in the allocation level of free allowances and the decision to not apply a
cross-sectoral correction factor for the period of 2021-2025. This may have also

PU Page 66 1.0

This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 884418



cu

reflected a lack of institutional capacity to transition directly from the EU to the UK ETS
with all measures intact. In the long term, stakeholders raised questions about the
future resourcing of the scheme if or when it extends to include other sectors and/or
a change in thresholds.

The Industrial Cluster Sequencing Process instrument contributed to lowering the
Institutional Requisites criteria in the policy case of the UK. Industrial Clusters will
depend heavily on transport and storage infrastructure if carbon capture is to play an
important role in decarbonisation (by many industries it is viewed as essential to
meeting net zero commitments). In many of the UK clusters this infrastructure does
not exist, meaning the viability of the projects depends heavily on adequate and
affordable transport solutions being developed and deployed (Phase 1). This creates
a potential “chicken and egg” problem, as the CCS projects must be confident on the
success of Phase 1while they are beginning to plan projects for Phase 2. The separation
in time between the two Phases set out by the Sequencing Process should help
mitigate this, but investment cycles in the private sector may not align with the
Industrial Cluster Sequencing Process’s timelines.

The accelerated timelines of the Industrial Cluster Sequencing Process also put
significant administrative stress on government. The program has already been
delayed several times, which could be a result of unanticipated levels of interest or
because of the sheer size of the program, which could bring political pressure to delay
the next commitment for Track 2 due to funding concerns.

The CO, Transport and Storage Regulatory Investment Business (TRI) Model is a fairly
effective and promising instrument that ranked particularly lower in its Institutional
Requirements criteria. For instance, T&SCos are expected to own all relevant transport
and storage infrastructure (albeit operated under separate accounts), as it is argued
that this allows both government and potential network users to engage with an
integrated T&SCo and therefore reduces delivery lead times and commercial
complexity. However, this also restricts T&SCos to those which already own and
operate relevant transport infrastructure and storage sites. These companies may be
also operating projects which will access the T&S infrastructure. To mitigate potential
conflicts of interest, the UK Government requires that T&SCos are separate legal and
financial entities from their parent companies. The institutional requirements are
therefore very low to the TRI, beyond regulation and investment assurances that the
UK Government provides to the T&SCos.

As the ICC contract is eligible for fossil and biogenic CO,, as well as combined heat
and power, capture as a service, and waste management, there are a broad range of
applicable variations and industries. While some sites may be ill-equipped for a CCS
retrofit, the business model overall is quite flexible with regards to existing
requirements, minimising the institutional capacity required to assess and maintain
eligibility. However, as with other policies and business models implemented under the
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Clusters Sequencing Process, due to the scale of the program there is sufficient
institutional capacity to implement, manage and monitor the ICC.

Eligible projects to the ICC contract also have to prove a “route to storage”. For those
capture projects outside of an awarded cluster region, connectivity to storage routes
proves challenging, and a solution is not necessarily presented within the business
model, which suggests that there are not sufficient measures in place within the policy
to support the implementation of capture projects outside of awarded cluster regions.

The LCHBM is facilitated through the Cluster Sequencing Process, ensuring effective
access to Governmental oversight and support, and providing ample institutional
monitoring and resources to support successful projects through the LCHBM. The
LCHBM is also integrated into the NZHF applications, minimising the institutional
requirements for both schemes. However, the LCHBM is heavily linked to the LCHS,
which through the LCHBM must be self-reported. This is a risk that is not addressed
effectively at present for early projects under the LCHBM, as there are risks about
effective monitoring of the carbon emissions associated with supported projects if the
emissions are to be self-reported and there is a vested economic interest by
producers to meet the LCHS.

Box 10. The Netherlands and Sweden.
The Netherlands: Insights from a Fairly Effective case of Institutional Requirements

To observe the compliance of the objective of the Carbon Tax and the SDE++
instruments, the Dutch government has compliance mechanisms in place. Such
mechanisms monitor whether or not receptors of the Carbon Tax observe obligations
to emit to the limit of allocated free allowances or to pay for the exceeding emissions
(or obtain additional permits through auctions instead). For the SDE++, receptors of
the instrument are required to observe compliance of the proposal sent to obtain the
resource within the following 6 years after approval (originally 5 years). Effectively
putting in place mitigation policy instruments, is ultimately aimed to enable a
transformational change in the current system.

Sweden: Insights from a Fairly Effective case of Institutional Requirements

Although Sweden has a well-developed national climate policy framework supported
by several institutions, an ambiguous distribution of tasks across public authorities still
remain in place. For example, the SEA and Swedish Environmental Protection Agency
(SEPA) sometimes face overlapping strategies and tasks. As well, regarding policy
instruments, institutional support remains limited, particularly for BECCS; CDRs emerge
as bottom-up initiatives though. Overarching institutions responsible for monitoring,
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reporting, and verifying assessments along the entire value chain of BECCS, as well as
a common certification system, are not yet in place.

Transformational Capacity

Transformational change is a process that involves profound changes resulting in
fundamentally different structures (Nalau & Handmer, 2015). Climate change mitigation
policies can be seen as having transformative potential if they can fundamentally
change emissions trajectories, or facilitate technologies, practices or products with far
lower emissions (Hermwille et al,, 2019). Along these discussions, the average evaluation
scored as Moderate in terms of Transformative Potential, suggesting this could be an
area of improvement in future policy design. The Netherlands, Sweden, and the UK
seemed to score consistently higher in this category than Belgium and Spain.

The Netherlands, Sweden, and the UK ranked as “Fairly Effective” policy cases in general.
The three countries seemed to score consistently also as “Fairly Effective” in the criteria
of Environmental Effectiveness and Transformative Potential. Belgium ranked as Limited
and Spain ranked as Moderate policy cases overall.

To arrive at “Effective” transformational capacity cases, the next box offers insights on
how a transformative potential could level up.

Box 11. The Netherlands: A Fairly Effective Transformative Potential

In the wider sense, the Dutch policy case design places the balance between sticks
and carrots to incentivise the deployment of a diverse portfolio of technology-based
decarbonisation options. In general terms, the case benefits from a strong
transformative signal which aims to tackle decarbonisation from different entry points.
It aims to increase the share of renewable electrification of sectors (including the
industry). It targets to support alternative energy options such as hydrogen to
potentially generate electricity. It aims to reduce emissions and to capture the still-
hard-to-reduce emissions. It aims to take short-terrn measures to power business-
as-usual industrial processes. For example, by means of developing further options for
renewable gas and heating.

The Dutch policy case presents a comprehensive transitional path in the
decarbonisation of the Dutch industry. Along with scientific discussions as developed
in Hermwille et al., (2019) and Nalau & Handmer (2015), transformative change is a
process that involves profound structural changes resulting in a fundamentally
different re-structuration. The design of the Dutch policy case can be seen as having
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the transformative potential if in practice its instruments fundamentally change
emissions trajectories, or transform patterns and practices production, supply, and
consumption.

For example, the SDE++ aims to transform the energy system (by supporting
renewable energy and decarbonisation technologies. Specifically for industries, the
instrument supports a broad portfolio of technology options to trigger a
transformation of current industrial practices (renewable electricity and gas, low CO,
heat, and low CO, production).

Considering the SDE++ as an economic incentive to bear the costs of specific
supported technologies, such transformational capacity would not be complete
without a Carbon Tax that pushes emitters to transform their industrial practices first.

Nevertheless, having exemptions or preferential tariffs to energy tax and surcharges
constrains the transformative capacity of the Dutch policy case regardless of the
contributions of captured carbon. The IPPC refers to transformational change as the
characteristic of an instrument(s) to provide the momentum and resources to break
through systemic regimes (IPCC, 2022). In a system which is characteristic for being
reliable on non-renewable sources to power industrial activities or preferential energy
tariffs, a transformational policy case is required to break through such paradigm.
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