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Abstract

The Energy Union is the culmination of over 10 years work by the European Union.
The energy union vision became a reality in 2019 and will come into effect in January
2020.

However there are still concerns over the policy development process or more
specifically the energy system design and market reforms that are considered. It
remains unclear how the energy mix options and selection decisions were made and
subsequently covered in the energy policy. More importantly it is necessary to
understand how energy modelling was used to form system design and market
reforms to support the Energy Transition. Therefore we need to research how the
policy was developed, what analytical and assessment criteria or methodology was
used and what analysis was completed before the policy was released. This is
important to know in order to effectively plan and implement the energy policy.

This thesis will answer the Research Question: What are the challenges and
opportunities for the Energy Union Policy Planning and implementation phase?

This was achieved and derived from the analysis and application of the Decision
Quality appraisal to review the policy to confirm: “Are we committed?” and “Will
we really take action?”

To undertake the work the researcher was fully immersed into the Energy Union
policy development process and through attendance at several workshops, seminars
and roll out events. By review of the abundant EU documentation and
communications it was possible to deconstruct the process and through observation
and abduction methods understand the mechanisms in play. After Unbundling the
Energy Union — the researcher then applied the “Decision Quality” framework
(Spetzler, Winter, & Meyer, 2016) to assess the policy process and determine what
supporting analytical tools to screen energy mix alternatives were used and if this
could be improved.

This process is necessary to understand the challenges and opportunities for the
planning and implementation phase of energy union policy, directives and
regulations. The results will focus on the “EU’s Commitment to action” and through
the application of the Decision Quality Framework determine if we are taking the
right action and prioritizing the correct infrastructure developments needed to support
the energy union transition to a zero carbon energy future.

An outstanding amount of work and effort was undertaken by the EU to deliver the
energy policy, and they should be applauded for these efforts. However in the spirit of
continuous improvement at this critical planning, approval and implementation
juncture, it was found that by applying the decision quality framework several
opportunities and challenges were identified. These could be leveraged or mitigated
from benefit and value approach to make good decisions through improved decision
and risk analysis assessment processes. That way decisions can be optimized, verified
and validated with respect to policy and infrastructure decisions pertaining to energy
grid design and market reform changes to support the energy transition.
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Introduction

In 2019 the European Union delivered the 4" Energy Status and then the Energy
Union became a reality after it launched a series of policies, directives and regulations
in support. The Energy Union — A cleaner energy for all Europeans was launched
(April 2019)!

Whilst the implementation of the EU 3™ Energy Package? is still the foundation of the
Energy Union and is still in final stages of implementation, the new Energy Union
policy, regulation and directives have been approved by the EC & will be approved
by the EP in July 2019 to compliment and replace earlier versions. These new
policies, regulations and directives need to be ratified by the member states within the
next 9-18 months, but plans to implement them have already started. The Market
Design still needs to be finalized but will soon to be ready for approval, but draft
proposals were released Dec 2018 and it is anticipated that the new Market Reforms
will be in place by Oct 2019.

By following this process the EU has boldly and readily adopted the challenges and
changes associated with climate change and acting on this developed the concept of
the Energy Union in response to the changes needed to support the transition. The
focus of the Energy Union through Energy transition is to deliver “clean energy for all
Europeans”. This is further aligned with the sustainable development goals and
designed to deliver: clean, safe and secure energy at affordable prices.

One of the main drivers in this transition is the need to reform the energy market to
support this transition. This market reforms are across the energy sector but
regulations and directives are mainly focused on the Gas and Electricity sectors (to
reflect changes to a hybrid grid and focus on electricity in the future to absorb heating
and transport energy demands).

These hybrid sector coupling of electricity and gas are the main mode of energy
supply and distribution in the European Union which are is set for expansion due to
ambitious interconnectivity and optimal energy mix to deliver a reliable, low carbon
and energy efficient product to meet growing demand and satisfy the sustainable
target of the UNIPCC and to comply with the COP21 Paris Agreement and the
committed Nationally Determined Contributions>.

The European Union’s Energy Union vision is ground breaking with respect to
changes anticipated in the transition and corresponding market reforms but this is not
without significant challenges to implement and govern. There is a general consensus
that the benefits and opportunities that it will deliver outweigh the risks and
uncertainties that we face.

"'EU A clean energy for all Europeans https://publications.europa.eu/portal2012-
portlet/html/downloadHandler.jsp?identifier=b4e46873-7528-11¢9-9f05-
Olaa75ed71al &format=pdf&language=en&productionSystem=cellar&part=

2 EU 3rd Energy Package https://ec.europa.eu/energy/en/topics/markets-and-
consumers/market-legislation/third-energy-package

3 Paris Agreement COP 21 http://www.cop21paris.org/about/cop21



https://publications.europa.eu/portal2012-portlet/html/downloadHandler.jsp?identifier=b4e46873-7528-11e9-9f05-01aa75ed71a1&format=pdf&language=en&productionSystem=cellar&part=
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https://ec.europa.eu/energy/en/topics/markets-and-consumers/market-legislation/third-energy-package
https://ec.europa.eu/energy/en/topics/markets-and-consumers/market-legislation/third-energy-package
http://www.cop21paris.org/about/cop21

Problem Statement:

The majority of the energy union policies regulations and directives were issued in the
first half of 2019 and now the planning and implementation phase will start in earnest,
so this is “hot off the press” so to speak. Therefore there is very little research and
formal analysis to compare current alternatives at this stage but we need to understand
what preceded the final stage so we can execute and comply accordingly.

It remains unclear how the options and decisions covered in the energy policy were
determined or more importantly what analysis was completed before the policy was
released. This is important to know before we implement and act on the policy.

On first impressions of the policy proposals* it is difficult to find any real measures,
routines or obvious application of decision analysis, option screening and selection
criteria that was applied. Did we make the right decisions? Can we implement it? Will
we focus on the policy that will support energy transition and market reformations
required?

If we can’t document, measure, compare and justify the selection, how can we
implement and monitor the impact and progress and therefore evaluate the policies
that are introduced (Peters, 2015).

This is of concern, as it is necessary part of the informed decision process. The real
test for any change or reform is in the implementation and realization of the said
benefits and without any decision analysis evidence it may indicate that the reasoning
and rationale behind the decisions are flawed (Bratvold, 2010). This could make the
implementation phase very difficult or delay progress on this critical and urgent task.
If it is not sufficient it will affect the project selection and approvals that we need to
undertake.

We need to investigate the decision analysis adopted to support the decision making
process pertaining to the Energy Union policy and to assess the process with respect
to the market reforms and changes proposed in the Energy Union. To do this we need
to understudy and understand the decision process that was adopted. This will be done
by analyzing the decision making process used in developing Energy Union policy,
regulations and directives by following their development and communications from
the EU using the Decision Quality Framework (Spetzler et al., 2016). To enable this
study it is necessary to understand how the Energy system and market works and
what changes or reforms are needed or proposed.

Fortunately there is an abundance of material on the EU websites (see References)
concerning Energy systems and Energy Markets and the EU has made this publically
available including all data and proceeds from public consultations, impact

4 EU 2050 vision and strategy https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:52018DC0773&from=EN



https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52018DC0773&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52018DC0773&from=EN

assessments and documented policy processes which allow for analysis®. It also lists
the respective history and revisions of policy so you can see the changes and impact
that the decision makers use to approve. In addition Eurostat has databases and
reports on progress, status and measurement of all indices and metrics associated with
the EU Energy policy. However it is difficult to navigate and follow the threads of
some of the development efforts. This thesis will attempt to trace and link these
threads to answer the research questions posed.

By the bureaucratic nature of the EU, it prides itself on the ability to produce policy.
However from the EU websites the process used to make decisions is not as
transparent or obvious at first. But this is well documented in books and papers so an
understanding of the decision process and systems is possible (Peterson & Bomberg,
1999; Wallace, Young, & Pollack, 2010). While there is a frenzy of workshops and
seminars surrounding the topic, there is little research and comment regarding the
recent deliveries from the Energy Union policy and processes, especially since the
majority of the governing documents and policies were released between Dec 2018
and May 2019. Therefore it is important that we immerse ourselves as a stakeholder
into the process in order to research and understand this process at this point in time
when the policy, regulations and directives derived from the EU decision process are
entering the ratification and implementation phase to ensure that it was sufficiently
well controlled and that due process was followed (see Research Methods for more
details).

It is the aim of this thesis to review the policy and decision process adopted by the EU
in the formation of the Energy Union — A cleaner Energy for all by applying a
decision quality control framework to the process and highlighting challenges and
opportunities that may present themselves in the planning and implementation phase
and to confirm commitment to action and if the appropriate actions will be taken as
planned (Spetzler et al., 2016).

Research Question

This leads us to consider the following Research Question in consideration of the
Energy Union Policy:

This thesis will answer the Research Question:

1. What are the challenges and opportunities for the Energy Union Policy
Planning and implementation phase?

2. Subsequently we will see if we are prepared for the Energy Union policy
planning and implementation phase to answer the question— “are we
committed” and “will we take action”%?

3> Models, policy and impact assessment https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:52016SC0410&from=EN

¢ Adopted from Making Good Decisions (Bratvold, 2010) and Decision Quality
(Spetzler et al., 2016)
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To answer these research questions the EU policy developed to date will be reviewed
with specific focus on the decision-making and assessment processes specifically
focusing on Energy Union Policies and Market Reforms that need to be realized.

These will be assessed against a Decision Quality framework in order to see if the
process is sufficient to ratify and implement and thereby support the correct energy
transition project portfolio and associated market design.

The focus of this thesis is to consider the strategic decision and policy development to
delivered in the form of the Energy Union through energy policy and subsequent
efforts to deliver a reformed market approaches to support the energy transition and
associated regulation and directive for the delivery of clean, secure and affordable
energy in the context of the European Union - Energy Union “Clean Energy for all
Europeans” programme’.

Background and Motivation

Following a rebranding of Energy Policy as the Energy Union in 2014 (a term coined
by Donald Tusk) the European Commission issued a press release to highlight
changes to the Energy Union and to deliver a Market Design with a focus on
Consumers®. This market design was intended to transform Europe’s Energy system
and the press release detailed on how the system actors involved in “generation, trade,
supply and consume electricity” would be regulated and governed. It hinted at new
technology integration and changes in energy mix to meet the objectives of clean, safe
and secure energy.

“Energy and Climate Action” is one of the Top 10 EC priorities for 2014-2019°. What
started as Energy policy in the millennium (2008) was rebranded as Energy Union in
2014 and then efforts to produce policy merged with Climate and Environment in
2015. In addition the Energy Union is integrated with the Internal Market. The EU
Strategic objectives are captured as follows!’:

Strategy, Objectives and Policy Areas of the Energy Union is stated as follows:

e Securing energy supplies

e Expanding the internal energy market

e Increasing energy efficiency

e Reducing emissions and decarbonizing the economy
e Supporting research and innovation

"EU A clean energy for all Europeans https://publications.europa.eu/portal2012-
portlet/html/downloadHandler.jsp?identifier=b4e46873-7528-11e9-9105-
0laa75ed71al &format=pdf&language=en&productionSystem=cellar&part=

8 EU Market Reforms https://europa.eu/rapid/press-release MEMO-15-5351_en.pdf
°EU Top 10 Priorities https://ec.europa.eu/commission/priorities_en

10 EU Strategic Objectives https://ec.europa.eu/commission/priorities/energy-union-
and-climate_en
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To achieve a market reforms and enable a fully integrated grid and expanding the
market as mentioned above the following actions are identified and prioritized'!:
e New energy market design — to transform Europe’s electricity system and
market
e Empowering energy consumers — placing consumers at the core of the system
and markets and power to supply and demand energy
e Helping energy cross borders — interconnectors to allow energy to flow

To achieve this sector coupling (gas and electricity) and market coupling (cross-
border transmission and trading) reforms were intended and proposed to reorganize
how investments and operations within the power and energy system would be
decided and how to integrate new services and technology into these systems. It also
positioned a new regulatory approach to oversee the internal market through
maximized efficiency, minimized emissions and ensure competition and renewable
energy sources through increased cross border trade'2.

The reasons for the changes were justified by the imminent growth in the electricity
market due to changes in requirements for cross border capacity caused, but also in
order to accommodate the shift to renewable energy sources, coupled with anticipated
growth of the electricity services as it absorbed supply and demand volatility across
the union through storage and strategic reserves or spare capacity. The further
increase in energy demand is also anticipated from the transport, heat and
buildings/facilities sector as these systems electrify. All of this is compounded by
anticipation of the future disruption caused by the phasing out of fossil fuel plants
with high emissions'>.

To facilitate this the market needs to be more'*: flexible, by offering consumers
(industry and households) opportunity to participate actively in the market, triggering
generation investment opportunities, increasing efficiency and upgrading and
expanding infrastructure. Most importantly it wants to make the market more flexible
by integrating renewables more efficiently by pursuing near or real time trading,
eliminating regulation on prices and get to real energy price and cost by removal of
subsidies and energy incentives for polluting energy sources (i.e. coal and oil) and
better coordination and ease of integration of renewables. This is needed to establish
accurate investment opportunities and reduce consumer uncertainty or exposure
around energy prices'>.

' EU Market Design https://ec.europa.eu/commission/priorities/energy-union-and-
climate_en

12 EU long term strategy 2050
https://ec.europa.eu/clima/sites/clima/files/long_term_strategy brochure en.pdf

13 EU 2050 vision and strategy https:/eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:52018DC0773&from=EN

4 EU New Market Rules
https://ec.europa.eu/energy/sites/ener/files/documents/electricity_market factsheet.pd
f

15 Markets and Consumers https://ec.europa.eu/energy/en/topics/markets-and-
consumers/market-legislation/electricity-market-design
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To achieve this the Energy Union was supported by a market reform campaign to put
consumers and hence demand, efficiency and reduction management at the center of
the new model '. Illustrating how it would leverage new technology specifically
through the introduction of SMART Grids, SMART metering, SMART Homes,
dynamic contracts and increase in self-generation and renewed focus on self-
sustaining communities couple to storage and grid (MUSE Energy Euronews 21 May
2019). It puts the consumers at the center of the proposal to take control of their
energy use (efficiency, reduction and type). By giving them access to actual energy
costs they could change their behaviour, routines and manage their energy use and
reduce exposure in periods of high-energy spikes or periods of price volatility.

The progress has been rapid and revolutionary as far as policy process is considered:
from the initial launch of the 3 Energy package to birth of the Energy Union in 2014,
the market reform proposal in 2015 and following a public consultations, new
legislation proposals were developed in 2016 and delivered in 2018. And market
reform, renewables, energy efficiency directives followed in Nov and Dec 2018.
These have been finalized by the EC forwarded to the EP in May 2019 ready for
approval by Oct 2019. Ready to be enforced as of 01 Jan 2020. A list of the policies
and legislative progress is listed below!®. What is interesting to note is how long from
the process is from proposal, through negotiations, adoption and publication (approx.
2,5 years). Furthermore the legislation process in each member state needs to be
considered, which is anticipated to take a further 9-18 months).

European EU Inter- European Council Official
Commission institutional Parliament Adoption Journal

Proposal Negoliations Adoption B Publication

Energy

Performance in

Buildings

Renewable

Energy

Energy

Efficiency

Governance of
the Energy
Union

Electricity
Regulation

Electricity
Directive

Risk
Preparedness

ACER

Fig 1. Clean energy for all Europeans Legislative Progress
(https://euobserver.com/energy/144633)

16 https://euobserver.com/energy/144633
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The EU's two highest-ranking energy and climate officials boldly declared in April
2019 that the Energy Union had become "a reality"!”'®

"I am proud to stand here today, to present this package with one simple
message — the Energy Union has become reality," said Maros Sefcovic,
European Commission vice-president for the Energy Union, at a press
conference in Brussels.

"Four years after the October 2014 European Council [EU leaders' summit],
we can now say that we have completed the Energy Union," added his
colleague Miguel Arias Canete, EU commissioner for climate action.

So the EC Energy Union was as formally declared a reality. The directives,
regulations and reforms were put to vote early 2019 and rolled out within 3 months
(ca. July 2019)". Then ready for ratification by member states, the policies are
drafted to come into effect on the 01 Jan 2020 and to be ratified by the member states
as soon as possible.

Through compliance and governance with the policies, rules and regulations above,
investment and support to realize the infrastructure necessary to meet the national
energy and climate action plans of the different member states. This support is in the
form of Projects of Common Interest, Research and Design and Innovation efforts to
meet the energy system transition and climate actions.

The preliminary plans have been reviewed and approved by the EU subject to change
and comments as directed. The final national energy and climate plans are due in Dec
2019 and it is estimated that a budget and approval process based on these plans will
be completed within 9 — 18 months (coinciding with the new commissions EU budget
announcement).

17 EU Energy Policy https://eur-
lex.europa.eu/summary/chapter/energy/1801.html?root=1801

18 EU State of the Union Speech 09 April 2019 http://europa.eu/rapid/press-

release SPEECH-19-2073_en.htm

EU Energy and Climate Speech 09 April 2019 http://europa.eu/rapid/press-

release SPEECH-19-2072_en.htm

19 Clean energy for all https://ec.europa.eu/info/news/clean-energy-all-europeans-
package-completed-good-consumers-good-growth-and-jobs-and-good-planet-2019-

may-22_en
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https://ec.europa.eu/info/news/clean-energy-all-europeans-package-completed-good-consumers-good-growth-and-jobs-and-good-planet-2019-may-22_en

ENERGY
EFFICIENCY FIRST

ENERGY  aruuymrecmareo
ENERGY SECURITY U N I O N

SOLIDARITY AND TRUST ST RAT E G Y
RESEARCH,
INNOVATION AND
COMPETITIVENESS

DECARBONISING
Fig 2. EU State of the Union Facts https://ec.europa.eu/commission/sites/beta-
political/files/factsheet-energy-union-priority_april2019.pdf

To support this activity a set energy and climate policies with corresponding
directives, regulations and targets to deliver secure, sustainable, competitive and
affordable energy have been issued and budgets to support activity up until 2021 has
been approved.

Some of the achievements and ambitions of the Energy Union are listed below?° but
new budgets and project approvals based on the energy transition and climate action
plans for the period 2021 — 2025 and beyond are still to be approved and confirmed
(which will be the responsibility and focus of the new commission when they take
office 01 Nov 2019). To do this the EU will first need to collate and consolidate all
member states energy and climate action plans.

20 EU State of the Union Factsheet https://ec.europa.eu/commission/sites/beta-
political/files/factsheet-energy-union-priority april2019.pdf
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ACHIEVEMENTS IN THE 5 DIMENSIONS OF THE ENERGY UNION

1. Energy Security

- Enhanced resilience of the European energy system by preventing and managing gas crises

« Continued efforts to diversify external supply sources and new arrangements to ensure increased
solidarity and regional cooperation [e.g. southern gas corridor]

- Over 30 projects of common interest implemented + 75 more to be implemented by 2022

- €3 .4 billion in connecting Europe facility energy funding since 2014

- €1.3 billion from the European fund for strategic investment (EF5I)

- EU public funding in energy infrastructure has leveraged total investments of around €50 billion

2. The internal energy market

- More robust infrastructure increasing fluidity of the network

- Integration of isolated and disconnected regions [e.g. Baltics, Iberian Peninsula]

« Making the grid fit for an increased share of renewable energy

« Putting the consumer at the heart of the energy market

- Market coupling - reduced and more equal energy costs for consumers throughout Europe

= Over the past seven years, day-ahead market coupling alone has rendered a benefit of approximately €1
billion per year to European consumers

3. Energy Efficiency

« New energy efficiency target of at least 32.5% by 2030

« New energy performance of buildings rules aiming at decarbonisation of building stock by 2050

« Clearer and simpler energy efficiency labelling rules help households save almost €500 per year

- Between 2014 to 2020, €18 billion from the European structural investment fund are allocate to energy
efficiency

« There are 900.000 jobs in the energy efficiency sector in Europe today

« €2.5 billion Horizon 2020 funding for the period 2018-2020 to decarbonise the EU's building stock

4. Decarbonisation

- The EU was instrumental in brokering the Paris Agreement and making it operational

= The EU has put in place a comprehensive legislative framework to achieve at least 40% emission
reduction by 2030

- New renewable energy target of at least 32% by 2030

- 4 million ‘green jobs' in the EU today, 1.4 million jobs in the renewable energy sector

- Decarbonisation strategy “clean planet for all” for a climate neutral Europe in 2050

- 17.5% of final energy consumption in Europe came from renewable energy in 2017

5. Research and Innovation

- Under the revised EU Emission Trading System the Commission set up the Innovation Fund, which will
pool together resources amounting to around €10 billion to support the demonstration of low-carbon
technologies and processes

- Loans from the Innovfin Energy Demonstration Project financial instrument of Horizon 2020 have
provided €107 million loaned to 4 first-of-a-kind energy demonstration projects since 2016

= With the strategic action plan for batteries, the Commission adopted a comprehensive set of measures
to develop an innovative, sustainable and competitive battery production chain

Fig 3. EU State of the Union Facts https://ec.europa.eu/commission/sites/beta-
political/files/factsheet-energy-union-priority_april2019.pdf

To arrive at this point an energy policy and applicable regulations and directives have
been proposed by the EC and already approved by the EP, now the ratification phase
will commence with significant infrastructure development projects already approved
which are required to deliver the Energy Union vision(Wallace et al., 2010). Whilst
we can celebrate arriving at this stage, the ratification and implementation phase is
still in progress and consolidation of approved projects of common interest to be
confirmed?®!. This will be undertaken to better understand the methods used to arrive
at and embark on the Planning and Implementation phase and how the infrastructure
projects will be selected based on the policies outlined by the EU.

It is also essential to address what needs to be done to finance and execute the
projects. This study will focus primarily on the Energy Union and energy market

2l EU PCI Project http://europa.eu/rapid/press-release IP-19-561 en.htm
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design, we will need to review preparations up to the planning and implementation
phase i.e. PCI projects for infrastructure to facilitate the Energy Market Design and
Energy Union vision, this is the most difficult step in order to secure success if
decisions and assessment analysis is not effective.

To do this we will complete a decision quality review of the decision process that was
followed and focusing on challenges or opportunities in the planning and
implementation phase. To facilitate this investigation a decision quality framework
will be used to analyze the decision process (Spetzler et al., 2016).

Relevant and
Reliable
Information

Clear
Values and
Tradeoffs

Creative
Alternatives

Sound
Reasoning

Appropriate
Frame

Commitment
to Action

Fig 4. Decision Quality Framework (Spetzler et al., 2016)

The reason that this framework was selected as it can deal with complex and difficult
transition processes and review the decisions and changes that are required in order to
comply with the new legislation, regulations and directives. By considering the
elements of the Decision Quality Process, will allow us to focus on the history and
considerations taken into account and subsequent opportunities and challenges to plan
and implement the policy and also allow an opportunity to measure its effectiveness.

From a strategic point of view we need to understand the status of the energy system
now (Where are we?). What the vision is (Where are we going!), and how we are
going to get there! Through this approach we can appreciate what changes are
planned to realize this vision and through implementation of the energy policy we can
understand what it will take to get there (i.e. decide on a pathway, breakdown into
manageable tasks and design a phased approach or strategic route to suit. Therefore
we need to understand the scope and context of the planning process to compliment
the implementation phase.
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To achieve this objective we need to understand how energy systems work and how
they are modeled, we need to know how a power grid is designed, how it will change

to meet future requirements and how it works and how it will be controlled,

specifically regarding market reforms we need to understand how the energy market
works today and what reforms are planned, and in addition we need an outline of how

policy in the EU is made and most importantly how policy is implemented and

monitored. For readers who are not familiar with the grid and development a more
detailed description in the next chapter.

Energy Systems & Energy Grid Design Overview

Energy Systems and Models represent a simplification and overview of the Energy
system supply and demand: supplied, converted, consumed, drivers. They also give an
overview of external and internal factors. The IEA gives a good overview of the

process (IEA World Energy Outlook, Klaus Mohn, 2016):

I,_ CO,-prices | — | | .

Supply

Coal
Prices
0il

Trade

Gas
Production

Biomass R

L _ Energy flows e J { |

Source: Intemational Energy Agency (2016). World Energy Model: Model documentation (http://www worldenergyoutlook, org/weomodel/),
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Fig 5. World Energy Model (IEA adapted from Energy Economics, Klaus Mohn)

This model is also modeled using three typical scenarios to reflect policy trends: New

Policy (adopted or proposed commitments e.g. Energy Union), Current Policy

(Business as Usual, 3™ Energy Package) and a sustainable development scenarios
which offer more aggressive low carbon pathway solutions to achieve zero carbon as
soon as possible (i.e. to address climate change, clean air and ease of energy access).

According to (Herbst, Toro, Reitze, & Jochem, 2012) energy model pathways and
scenarios allow the models to build on energy flows and adapt to reflect on exogenous
assumptions (energy prices, economic growth, population and demographics, energy
prices, climate policies). These models can often develop representative strategic

pathways and possible solutions to achieve clean, secure and affordable energy
objectives and the abatement costs associated or indeed used to highlight

consequences if steps to limit carbon are not taken (i.e. climate damage and projected
loss or incidents and possible events).
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Global warming relative to 1850-1900 (°C)

Observed monthly global £
mean surface temperature £

Likely range of modeled responses to stylized pathways

h net zero in 2055 wi

reduced after 2030 (grey inb,c&d
ue in b & c) result in a higher
probability of limiting warming to 1.5°C
No reduction of net non-COz radiative forcing (purple ind
results in a lower probability of limiting warming to 1.5°C

Fig 6. Relative Global Warming & Model Pathways (IPCC SR15 Climate Change??

Note the scales of the likely responses on the right hand side of the diagram?2. This
gives us a spread of possible outcomes. It must also be noted that the model itself only
represents a 66% chance of remaining within the 2DS, so already we are not confident
of achieving this, i.e. 33% chance we will not. This is significant and must be
communicated more readily to the public and be reflected by all researchers, analysts
and modelers alike®*. These probabilities of remaining within the temperature affect
the carbon budget remaining — this is very important to consider when distinguishing
between the temperatures, urgency to act and energy mix to achieve zero or net zero.
Below is the carbon tracker model for 2018%*:

22 https://report.ipcc.ch/sr15/pdf/sr15_spm_final.pdf

23 https://cicero.oslo.no/no/posts/klima/well-below-2¢

24 https://www.vox.com/energy-and-environment/2018/1/19/16908402/global-
warming-2-degrees-climate-change
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Carbon Countdown

How many years of current emissions would use up the IPCC’s carbon
budgets for different levels of warming?
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Fig 7. Carbon Countdown (Carbon Tracker retrieved from VOX??)

As stated in research (Herbst et al., 2012) these factors are considered in the Energy
System Models to develop insight and overview of trends and changes. They are not
accurate and contain error. They are complex in nature and may also be used to
establish perspectives and support opinions whereby parameters are modified or
changed to suit stakeholder bias and heuristics. Often the data used in the models is
closed source and not accessible so it is difficult to replicate, reconstruct or probe.
Quite often used for projections and to analyze behaviour of the different energy mix
and used to understand energy system behaviour if restrictions to any of the factors
are modified or targets or limits applied.

Models are used in energy policy groups to establish “perspectives, feasibility and
impact of future energy demand and supply” *Typical models are classified as top
down, bottom up or combinations thereof (Hybrid or linked models). Linked models
can be soft or hard wired (which allows for transfer of data and results between

25 https://www.vox.com/energy-and-environment/2018/1/19/16908402/global-
warming-2-degrees-climate-change
26 Equinor Energy Models and Market Lecture March 2018
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models either automatically or manually). Hybrids are built with both Top Down and
Bottom Up and are extremely complex and difficult to run.

Top down

Addresses interplay between energy sector and
total economy; less emphasis on intra energy
sector developments; little energy technological
detail

Bottom up

Addresses intra energy sector developments;
rich in energy technology detail; ignores
feedback from energy sector to total economy

Computable general
equilibrium models

Partial equilibrium models

Linked models

Optimization models

Econometric models Simulation models
Game theory models

Input-output models _

Accounting frameworks

Hybrid models

System dynamics models Multi agent models

Herbst et.al.: Introduction to Energy Systems Modelling  http://www.sjes.ch/papers/2012-II-2.pdf

Fig 8. Energy System Models ( Equinor 2018, adapted from (Herbst et al., 2012))

Top down models as described in the literature (Herbst et al., 2012) are normally
classified as macroeconomic models which are predominately used by Policy makers
to simulate sector specific future energy demands and address and capture interplay
between economy and energy sector economic growth but do not capture intraenergy
sector development. They also rely on exogenous drivers or external factors such as
energy prices and financial policies. They “do not adequately address the
development of technology or considered sufficiently detailed to address specific
sector policy”. For example model used to evaluate economic costs of CO2 taxes or
Emission Trading System or Feed-In-Tariffs for Renewable Energy Sources. Popular
examples are: MERGE, E3ME to calculate GDP for EU (mainly used for investment).

Bottom up models (Herbst et al., 2012) are categorized as techno-economic, process-
orientated models that look at market penetration or cost of changes. There can
accommodate technical detail and design configuration and controls but cannot
“project economic, social or net impact for society”. That said these models could
consider feasibility of major changes to the energy system but ignore feedback from
the energy sector or economy. For example the POLES (Prospective Outlook on Long
Term Energy System) model used by Enerdata, MARKAL or TIMES optimization
models for international world markets or PRIMES Energy System Models with
macroeconomic modules as used by the EU.

From the energy systems and models it is possible to introduce different scenarios and
transition options to arrive at or derive changes and opportunities to reconfigure the
system or the energy mix to ensure that supply meets demand and restrictions on
emissions, efficiency and decarburization can be met.
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Energy Systems

Before we can understand the energy market and models, we need an overview of the
energy system and to understand the design and role of the grid in this context if we
are going to look at market reforms.

If we look at the Sankey diagram for the EU below (Eurostat 2017) we can consider
the energy flows in the System. Imports/Exports to Final Demand and consumption.
This is an accumulated flow of energy from source, through conversion to

Stock draw
168 235 GWh
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[ ] 6752 951 GWn

Transformation losses
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Fig 9. Sankey Energy Flow diagram for EU28 (Eurostat 2018)

From Total Supply on the Left Hand Side, we can then see visually the energy mix.
Using the legend colours scheme we can then see the energy mix and by considering
the transformation we can see the portion used for electricity and the subsequent
losses in grey (this is an area to consider for efficiency improvement and capture for
as storage in another form of energy such as heat or gas or used for some other
alternative, application or use). As we can see from the blue and orange lines the
energy flow is predominately fossil fuel (ca 80 %), the transformation is equivalent to
the conversion to final demand through refining and processing facilities. This is used
for transport, industry and exports.

In the lower part of the diagram we can see on the transmission to electricity

significant losses and the red line is the electrical power we produce for transmission
and distribution that also exhibits some losses until it reaches final consumption.
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Hence the policy focuses on integration to renewables, decarbonization and energy
efficiency. Electricity is also one of the sectors which is easier to decarbonize
compared to agriculture, aviation or shipping, or some aspects of heavy road transport
or facilities (buildings) and industry (steel and cement), however as this power system
of the future may absorb transport and heating sectors and the fact that it may be
combined with gas grid in future makes it worthy of our focus on decarbonization
efforts.

Electrical Grids

So how does a typical grid look for electrical system? (Coley, 2008). We need to
consider supply fuels that enter the power plants and are converted into electricity.
How this high voltage ac and dc electricity is carried and fed to consumers. It is also
important to not where renewable energy sources actually connect to the grid as this
affects grid design and operation and control. What is also important to note is the
boundary between Transmission and Distribution as these are separate entities and
assets in the system, which play an important part in the market design, and show
which subsequent energy transactions are possible.

Furthermore interconnectors need to be considered at the transmission networks (and
not in the distribution networks). This also affects the grid design and operation
depending on how we wish to design and operate. All of this needs to be considered
while maintain stability in the grid (i.e. maintaining the frequency at 50 Hz +/- 10%,
this is known as grid inertia and is affected when changes in load or demand require
more or less supply and the frequency changes that occur during this process need to
be strictly controlled to maintain the frequency at prescribed levels).

22



600 - 1700 MW

Nuclear Plant

Extra High Voltage
' 265 to 275 kV
(mostly AC, some HVDC)
=150 MW

o Medium Sized
Industrial Power Plant - BCO W E Power Plant
. 110kV and up

Coal Plant
=200 MW v dro-Electric Plant

Factory
= O Distribution Grid
Low Voltage
50 kV up to
‘@ @ @ el g T
(),
City
Power Plant

C ity Notwork

- @ @ @ @ |subsumons "'-’Ggw . ndustrial

é é % Solar Farm
Rural Network

S

Wind Farm

Fig 10. Typical Current EU Grid (Wikipedia)

From the diagram the grid is structured to facilitate production and delivery of
electricity through several stages (Harris, 2006):

Energy sourcing (fuel supply or renewable)

Power generation (transformation) Generation Companies
Network transportation (HV) Transmission System Operators
Energy distribution (LV) Distribution System Operators

Consumption (used) by customers and industry
Demand management (to enable correct supply to meet demand)

Nk W=

Additionally to facilitate this flow we need to consider (Harris, 2006)
8. System Operation and Independent System Operators

Supply Management (supply vs. demand) Wholesale and Retail Markets



9. Market Operation Trading, Energy and Capacity Markets (*trading and
contracts, this will be discussed in more detail in the next section)

10. Metering

11. Disposal & Decommissioning

12. Environmental Impact

Gas Grids

The gas grid is similar to the electricity grid and forms part of the energy grid; we
need to consider the gas grid (currently a natural gas grid reaching over most member
states).
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Fig 11. Typical Gas Grid (Google)

But looking to the future grid we also need to consider the heating and transport
energy requirements that will be absorbed into electricity service and alternative
energy sources, therefore we need to introduce the move to develop a hybrid grid
complete with conversion and storage facilities and new products envisaged
including: blue and green gas, batteries and Power 2 various gas and energy carriers
such as Hydrogen. In addition we need to consider new fuel source entrants and
energy technologies. This is best summarized in the following diagram.
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So combing the systems into a hybrid grid and combining electrical, heating and

T
-

transport requirements and addressing storage facilities we have the following system.

Which will become the basis of future grid design.
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Fig 13. Hybrid Grid (Google Images)
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Future Hybrid Grids and Energy Systems

Now we have a better understanding of the current grids and opportunities we can
look to the layout of the future grid (Heinberg & Fridley, 2016) in its entirety to better
understand the complexities and opportunities that are envisaged. It is very important
to use the energy system and grid design outlined above and builds on the changes
and innovations below to be able to look into the future concepts and changes that
will need to be accommodated (and realized through policy compliance). Special
attention to the colours coding is necessary to understand the system boundaries of the
various energy supply, conversion and consumption patterns and how the energy
sources interact with one another in the market.

The concepts below introduce a sustainable and clean concept — from renewable
integration in the form of generation, storage, alternative fuels, storage of energy and
the concept of carbon capture and storage is built into the system which will further
reduce the carbon footprint of the system and help drive to net zero or neutral
operation when this technology and transport and storage issues are resolved.
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Although the above sketch is considered on a local regional level for a country in
Europe this is a simplification and many of the power sources and conversion, storage
and application supporting Energy Transition. It could be depicted as interconnected
regions and links to neighbouring countries. This will require cross border
transmission and markets that will be covered in the Energy Market theory later.

This can also be better explained if we consider the advent of interconnectors between
the different countries which constitutes market coupling which will lend to the
formation of a super grid or electrical reticulation in the future where generated
capacity surplus to local requirement can be transmitted and distributed by
neighbouring local distribution grid.

The accommodation of intermittent renewables will also benefit from this
arrangement until storage issues are resolved. The future grid also introduces gas
market coupling which looks beyond natural gas as a fuel for power production but
also addresses heating and services supplied directly by gas and in future scenarios
where power will be used to create gas as an energy form and also a storage.
Notwithstanding these opportunities it will require a complex control and operating
system that is more dynamic and responsive than the grids we operate at the moment.

The future electrical interconnection will look like this in 2030 (i.e. 15%
interconnectivity where electrical power can flow both ways — i.e. bi-directional
flows, this adds to the flexibility of the power system response and storage or
capacity). Also at the end of this section is a diagram of the gas network. This may be
expanded or converted for alternative gas use in the future.
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Fig 15. EU 2030 Electrical Transmission Interconnectors (ENTSO-E 10 year network
development plan?)

Similarly the current gas grid can be adapted or lines superimposed to create a gas
grid network on top of the existing gas grid in Europe. Again some lines and storage
facilities or infrastructure will be modified for P2X or new systems or gas
interconnectors installed. Also interconnection between electrical and gas grids is
envisaged.

27 www.iea.org/etp/nordic
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Europe’s gas-pipeline network

Fig 16.Planned EU Gas Grid and New Projects (Retrieved from Google)
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Energy Power Economics and Markets

Following on from the previous section it is important to understand the electricity
market and competition models in play from such a system and design. There are

various configurations reflecting the generating, wholesale, transmission, distribution,

retail and customers or consumers (Kirschen & Strbac, 2004)

Generator Generator
A 4 h 4
Wholesaler/ > Wholesaler/
transmitter < transmitter
|
v v
Distribution Distribution
company company
v v
Customer Customer
(a) (b)

—J Energy sales
---9 Energy flows within a company

Fig 17. Monopoly Electricity markets (Kirschen & Strbac, 2004)

Which through market liberalization was unbundled to avoid monopolies in

accordance with their internal market rules. But some countries do allow introduction

of Independent Power Producers (IPP) to operate alongside generator companies
especially when trying to integrate new renewable energy sources (RES).

Furthermore if we consider wholesale and retail between the actors in the system this
can be adapted to reflect as follows (Kirschen & Strbac, 2004). Where consumers buy

direct from distribution companies (disco) who purchase wholesale from the
generator companies. Or where consumers can choose their suppliers, this latter
approach is the type of model that the EU would like to implement across Europe.
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Fig 18. Retail Competition Model (Kirschen & Strbac, 2004)

From a fundamental point of view Energy Economics (Kirschen & Strbac, 2004)we
can see it is based on the intersection of supply and demand curves, but adopted to
factor in supply based on generation, capacity and distribution of energy to meet the
variable and timely demand represented by the consumer. By using volumes of
quantity of energy against price and plotting the supply and demand curves and
considering the intersection of the S&D we can set a market price (Kirschen & Strbac,
2004). The plan is for excess supply to be used to produce energy carrier fuels (H2)
and or transferred to other parts of the grid where there is unsatisfied demand
(through interconnectors).

4 Price

Demand curve

Excess supply

T2

* ~
=
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Supply curve Unsatisfied demand

v

Quantity

Fig 19. Standard Energy Supply and Demand Curve (Kirschen & Strbac, 2004)

However with changes in demand and load profiles and multiple configurations of
grid design, operation and factoring in resilience and robustness of the supply grid to
meet the variable and fluid and changing on the demand side requires significant
management, putting the two together to determine price we can start to appreciate
that this picture becomes complex (Harris, 2006).

31



Furthermore by considering policy and by introducing the subsidies and state aid
instruments for various energy sources, the use of long and short run production and
contractual arrangements market trading and accommodating changes in the market
lead to a very complex arrangement (Harris, 2006).

All of this whilst simultaneously balancing the endogenous intricacies and then
considering the external fuel prices and geopolitical externalities (exogenous) to deal
with i.e. the introduction of carbon tax and emission trading schemes and we can see
that we need tools and coordination to control (Wallace et al., 2010). This will need a
series of models, technologies and dispatch and control tools and systems to help
solve this phenomenon. The electrification and development of a hybrid gas and
electric grid with storage is key to this.

'I Production
[==y]
Macro networks
Contracted (electricity grid)
energy
flow
—-/k Distributed networks
(low voltage
distribution)
”
Supply

Fig 20. Energy Flows, markets and transmission (Harris, 2006)

While Natural Gas will continue to be traded as a commodity, due to the
electrification of the hybrid grid with introduction of Hydrogen as an energy carrier.
The grid will mainly continue to trade on the basis of the energy only market system.
(Electricity Markets) and a similar model will be in use for sector coupling (gas &
electric — whereby electricity will be used to produce gas for ancillary services, stored
as strategic reserve or used to generate electricity. Note the time line across the
trading and position of the various market systems (Harris, 2006).
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Fig 21. Electricity Markets and Trading Options (Harris, 2014)

While many market designs exist. Energy has predominately been settled by a
combination of market designs which reflect the complexities of the design, operation
and control of the grid to manage supply to match demand. The EU have given
directives, proposals and regulation to unbundle the energy market®®. To appreciate
total overview of the market is best captured in the following diagram. It is important
to consider how energy will be traded with respect to asset and grid operation (lower
part of the diagram) against the market functions (top half of the programme). This is
to highlight the energy flows and capacity or strategic market functions.
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il peakers maintenance

Fig 22. Electricity Market Designs and Asset Management (Harris, 2006)

28 EU 3rd Energy Package https://ec.europa.eu/energy/en/topics/markets-and-
consumers/market-legislation/third-energy-package
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To break down the monopolies and ensure competition in the market a series of steps
were taken to reform the market these are described as: Unbundling, Liberalization
and integration of Electricity and Gas Grids to address Heat, Transport, and
Electricity expansion requirements including efforts to introduce Storage. This will
increase electricity demand that currently makes up approximately 20% of the energy
system today but will rise to approximately 50% in 2050 of the total internal energy
market in the EU. The products could be traded as follows (Harris, 2006)

Capacity
" markets
Bundled Unbundled - Exchange
centrally centrally Pool Bilateral .
managed managed

a Location
markets

Fig 23. Unbundling the Energy Market and Trading Systems (Harris, 2006)

But with the focus on consumers and SMART technology and the introduction of
demand side management to coordinate fluctuations there are steps to develop the
market to trade in near real time response. So supply will also need to be flexible to
match the demand®. This requires grid and market reforms to managing existing
assets and building new facilities and interconnecting infrastructure.

29 Market Retail http://europa.eu/rapid/attachment/MEMO-15-
5351/en/Retail%20Market.pdf
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Theoretical Basis

To support the research we need to understand the Theory to be used for Policy
development and for the purposes of the research objectives focus on decision-making
rational choices and decision and risk analysis and how to accommodate uncertainty

We also need to introduce the decision making analysis that was used by using the
quality appraisal approach (Spetzler et al., 2016) so we can analyze the policy to
arrive at challenges and opportunities in the planning and implementation phase.

Public policy, decision-making and rational choices

Given the focus on Energy Policy, Regulation and Directives it is equally important
that we address this process as it is instrumental in the decision making process to
ratify and implement the policy (Peterson & Bomberg, 1999).

The public policy framework lends itself to a policy cycle which is related to the
applied to problem solving such as design of an integrated market which meets
climate change requirements (Howlett, Ramesh, & Perl, 2009).

The policymaking cycle consists of 5 distinct stages (Howlett et al., 2009) supported
by considerations where we are addressing energy or dynamic issues (Peters, 2015):

Agenda Setting — importance and problem recognition

Policy Formulation — forecasting, solutions and recommendations
Decision Making — choice of solution by advocacy/approval
Policy Implementation — putting policy into effect

Policy Evaluation — monitoring and evaluation the policy impacts

M

Why have energy public policy? As stated by (Wallace et al., 2010) this allows for
intervention in failing markets where instruments such as subsidy, investment,
emission targets or trading and taxes need to be introduced to rectify or correct the
market*®. This is readily applied to socio-economic nature energy markets with
external environmental constraints to enable the market to function more effectively
and efficiently to address sustainable objectives i.e. access to clean, secure and
affordable energy (Wallace et al., 2010).

Policy can also assist with highly technical and complex political (geopolitical) issues
where energy and environmental policy is positioned. Specifically when trying to deal
with climate change this could be categorized as “wicked” or “super wicked”
problems (Peters, 2015):

Problem is difficult to define

Problem multi causal/attributes and interconnected
Sensitive to change and impact

No clear choice or consensus on approach

30 Directive market electricity https://data.consilium.europa.eu/doc/document/PE-10-
2019-INIT/en/pdf
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e Intervention consequences
e Multiple actors and socially complex

Super wicked problems (associated with climate change or CO2), which can be
considered the most serious Market Failure ever and it could lead to Government
Failure scenarios if we do not deal with it as described by the Stern Review 2006 and
2016 3!. These problems and efforts to avoid political failure can be associated with
climate change and abatement efforts are compounded by (Peters, 2015):

Time running out

No central or weak authority (no authority to manage problem)
Same actors causing the problem seem to solve it

Future discounted radically so contemporary solutions less valuable.

In addition these policies can assist where certainty and risk prevails, whereby policy
can mitigate or reduce investment risk, ensure security and help manage uncertainty
(through support mechanisms to meet targets and objectives) (Peters, 2015).

It is equally important to assess the alternatives or solutions available in developing
policy. This will help with the selection and development of policy and adoption by
analyzing the policy proposals set out by the EU Energy Union. The policy
development within the EU for Energy normally follows the policy cycle as follows
(Howlett et al., 2009).

3 o

 Problem recognition
Recogmzmg that a problem
or need exists.

Agenda-setting
Placing the problem on
the public agenda.

Formulation
Designing a response.

Fig 24. The Policy Cycle (McCormick, 2017)

31 Stern Review http://www.lse.ac.uk/GranthamInstitute/publication/the-economics-
of-climate-change-the-stern-review/
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Decisions regarding the energy policy are normally governed by rationality,
maximizing utility with known preferences and ability to make rational choices
between options and that the consequences and impact of the decisions are
understood. The application of rationality can be supported by decision science
whereby able to quantify the payoffs and accommodate uncertainty or establish likely
costs and associated benefits for any set of probabilities or order of events. This will
be discussed in more detail in the next section (Peters, 2015).

Decision Analysis and Risk Analysis under Uncertainty
Decision making under uncertainty:

Decision-making regarding the adoption and implementation of policy for change and
the proposed solutions needs to be understood. The effect of how we handle decisions
regarding policy and market design, which trigger investments with high risk
(investment analysis, market design and environmental impact) and large
uncertainties (scope, emissions control, scope and scalability, policy, technical
readiness, legislation and changes in grid or energy system design etc.). It is a
challenge as outcomes and consequences are difficult to predict.

But decision making, decision analysis and risk analysis constitute a tool and
methodology to be employed when confronted with alternatives or need to analyse a
scenario against a series of options. What is important is to consider the stakeholders
and values, strategy, targets, preferences and performance measures combined with
analysis including cost benefit analysis and cost effectiveness (where metrics cannot
be monetize) (Aven, 2015).

This analysis needs to be used by the decision maker so that various alternatives can
be considered and the strength, weaknesses or limitations of the analysis understood
so that the decision maker can perform a review and judgement accordingly. This
involves difficult considerations when considering weighting of factors and
deliverables subject to uncertainty and risk (Aven, 2015). The information required
and developed here is typically the type of information that can be included in a
Business case (and refined as you move beyond feasibility, concept selection,
development and project execution).
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Fig 25. Model for Decision Making under Uncertainty (Aven, 2015)

Where risk and decision analysis need to be carried out so an informed decision
regarding policy can be made (Aven, 2015):

Values, Goals Preferences or Criteria

Decision or Problem

Analysis and Evaluations

Management Review

Decision (including plan for implementation!!)

Decision Making Methodology:

As (Bratvold, 2010) points out we need to consider a process or methodology to
facilitate the aim to make good decisions to capture the decision analysis referred to
in the above diagram is a methodology that captures all of the considerations above to
meet the analysis and information requirements of the decision maker. Thus a
thorough and logical decision making methodology is required this is especially
necessary when we are considering hard and complex decisions (Clemen & Reilly,
2013).

Through this decision making methodology the analysis to support the necessary
calculations and weighting of objectives can be considered and the alternatives
compared. It will be possible to quantify the uncertainty and update probabilities or
consider a range of values and probabilities through model simulation and analysis
(Bratvold, 2010)

The methodology is captured in the diagram below and represents a much more
structured and analytical approach to decision making (Bratvold, 2010).
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Fig 26. Decision Making Methodology (Bratvold, 2010)
Good Decision Framework can be described as follows (Bratvold, 2010):

Phase 1 Structuring — Framing:
1. Define the decision context (decision, decision maker and feasibility)
2. Set objectives/criteria — by which each alternative can be evaluated and
identify any conflicts between objectives
3. Create/identify the alternatives (choices)

Phase 2 Modeling — Evaluating:

4. Calculate expected payoff of each alternative based on how well it meets
objectives (as measured on their attributed scales)

5. Weigh the objectives according to their relative importance in
distinguishing between the alternatives

6. Calculate an overall weighted value for each alternative and provisionally
select the best - the one that provides the highest value (including Real
Option Evaluations)

Phase 3 Assessing and deciding:
7. Assess tradeoffs between competing objectives (e.g. Cost Benefit or Cost
Effectiveness or Expected Net Present Values)
8. Perform a sensitivity analysis to test the robustness of the decision to the
information that produced it.

It is important to consider the methodology above as this represents the phases and
building blocks for any decision-making and introduces the tools and techniques
required to support good decisions. This is the type of analysis and applications we
need to see if a thorough and systematic decision making process has been followed
(Clemen & Reilly, 2013). If we consider the decision we need to consider what is a
good decision (Bratvold, 2010). This could be better understood if we consider the
Decision Quality (Spetzler et al., 2016).
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Decision Quality

Most people refer to the outcome of a decision making process as a measure of how
good a decision is. But we can’t control or know the outcome at the time of decision
making (Bratvold, 2010)but we can control or appraise the decision quality(Spetzler
et al., 2016). Therefore an appropriate framework for this thesis will be to use the
decision quality appraisal.

But first lets understand what constitutes a good decision (Bratvold, 2010): It can be
summarized as the best decision given the information and strength of knowledge to
hand (Aven, 2015). We need to consider that a good decision is logically consistent
with maximizing the value of the decision given that (Bratvold, 2010):

Alternatives have been created or identified

Decision Maker’s objectives and associated weights are assigned
Forecast payoffs based on information we have

Decision Makers preferences for payoffs, as specified by the value
functions.

By keeping the above methodology and definitions in mind we can consider the
quality of our decisions by considering if the decision has (Bratvold, 2010): been
framed correctly, do we have alternatives, have we got relevant and reliable
information, have we established clear values and tradeoffs, has sound reasoning been
applied, but most importantly is there a commitment to action have we realized all the
value on offer through the alternative selected (Bratvold, 2010).This decision quality
framework will be discussed in more detail below.

What do we

know? 3
Meamngful, What
Reliable
What are our consequences
choices? do we care
about?

Doable

p=1

Elements

of Decision
; 5
" Quality _
Appropriate Correct

Frame R easoning Are we thinking

What is it straight about
that we are this?
deciding”?

to Action
Will we really

take action?
Fig 27. Decision Quality Framework and Elements (Bratvold, 2010)
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Decision Quality Appraisal Outline (Bratvold, 2010):

1. Helpful and Appropriate Frame (What is it that we are deciding? And equally
what are we not deciding?)

Creative Alternatives (What are our choices?)

Useful Information (What do we know?)

Clear Values and Tradeoffs (What do we care about?)

Sound Reasoning (Are we thinking straight about this?)

Commitment to follow through (Will we really take action?)

Sk

6 Dimensions of High Quality Decision is central to the chain of decision model
which evaluates the quality of decision making through the following dimensions
(Bratvold, 2010) and the descriptions were summarized from descriptions given by
the same author and promulgated by the Strategic Decision Group (SDG) and
reiterated in the book Decision Quality “Value Creation from Better Business
Decisions” (Spetzler et al., 2016):

1. Helpful and Appropriate Frame: Context as to what needs to be decided, and
equally important what is not being decided. At this step it is also important to frame
what will be taken as given and are the assumptions clearly specified. This will help
solve the correct problem.

2. Creative Alternatives: These are necessary to ensure that high quality decisions are
made. Here we need to consider what the choices are, are alternatives feasible
(doable), do the alternatives solve the problem, how broad are the alternatives. If there
are no alternatives there is no decision (note: do nothing is an alternative but needs to
be justified and consequences need to be quantified and this approach must also be
assessed for quality).

3. Useful Information: Here we need reliable and relevant information where it is
important to consider: what do we know, is all the important information available, is
the information unbiased, how accurate other similar assessments have been, what
information we would need if more time, finance and resources were available. Given
what we know, it is equally important to understand what we do not know,
information can be wrong, incomplete or unknown (or implications if consensus not
reached).

4. Clear Values: Here we need to be able to define and measure the criteria and value
of the alternatives i.e. NPV, DCF, payback and lifecycle against compliance and
regulation and balance investment against returns. Essential to address consequences
we care about, tradeoffs made and if these are measurable (considering similar
scenarios). Ranking and sensitivity of criteria will aid this process while alignment
with strategy and governance or assurance requirements. Reducing uncertainty and
increasing confidence surrounding the decision enable this. These values may not
have an economic value and there may be a tendency to ignore intangible indicators
(such as: global, national, government or corporate reputation, health or safety).
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5. Sound Reasoning: This is how to combine: alternatives, information and values to
arrive at a decision. Justifies the reason (and business case). Look at all dimensions to
decide which one brings most value. Requires more that instinct and intuition.
Requires modelling. Important to reflect: Are we thinking straight about this? Need
clarity and transparency. Not sufficient to use a deterministic model which ignores
uncertainty and key dependencies. Also deterministic approach may lead to a false
belief in accuracy and impact or relevance. Goal is to create a clear, transparent and
understandable recommendation that maximizes value of the decision maker.

6. Commitment to follow through: This dimension moves the decisions into execution
or implementation phase, Best decision must be implemented. If not committed the
follow through is not undertaken, put on hold, deferred and as a result will not achieve
best result (it is also important to quantify the “no action” or “do nothing” scenarios).
We need to consider objectively: is the recommendation appropriate and feasible,
how will the decision be communicated, how can the organization support the
decision and is there an implementation plan (this comes back to strategy alignment).
Success at this stage requires: resource allocation and tenacity to see it through and
flexibility to overcome obstacles and change.

Once we have reviewed the EU Energy policy development and understand the needs
and challenges of the implementation phase we can also see if the decision quality
framework and methods above could help improve the process this will be undertaken
later in the Analysis section.
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Research Methods and Methodology

Unbundling the Energy Union - applying the decision quality framework and
supporting analytical tools to understand the challenges and opportunities for the
planning and implementation phase of energy union policy, directives and
regulations. “Commitment to action — Will we take Action?”

To answer the Research Question:

What are the implementation challenges and opportunities for the Energy Union
Policy Planning and implementation phase — as derived from the analysis and
application of the Decision Quality appraisal to confirm: “Are we committed?”
and “Will we really take action?”

Research Strategy ((Blaikie, 2000): Mixture of Inductive, Deductive, Retroductive
and Abductive but mainly achieved through observation and participation as a
“Stakeholder” in the policy planning and implementation phase and applying Project
and Portfolio experience to quality control the process.

e Review Energy System and Market design Stakeholder Requirements — Inductive
through Observation (Secondary Data and documentation analysis and
observation through participation at seminars and workshops). Review of the
European Energy Union Policy development.

e Review and compare Energy System Models, configurations and results or
alternatives. Also consider assessment quality to support the Decision Makers in
order to make correct choices to effectively implement the Energy Union
proposals — Deductive through Observation (assess model, model results and
combinations thereof and quality assessment checks to support robust decision
making for policy planning and implementation)

e Apply the Decision Making Methodology or Frame work — Retroductive Analysis
through application of framework (and check project assessment and decision
analysis processes and to check to see if analysis accommodates Uncertainty and
Risk/Opportunity into models and subsequent analysis thereof)

e Throughout the research analyze Decision Quality of the above with specific
focus on implementation of energy union measures — Abductive through
observation (to understand the mechanisms and workings of the decisions
regarding policy to support grid design and market reforms to help create
framework for hybrid grids select correct market design to support energy
transition)

Research Methods:

Qualitative approach. Stakeholder, Risk and Decision Analysis review in a
Qualitative approach by applying Decision Quality Framework and see if
modelling, analysis and decision making when developing energy policy
includes appraisal of the Decision Assessment and Risk/Uncertainty
management in a Qualitative manner.
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By considering the decision making methodology we can review the decision
process by applying the decision quality framework, from this we can derive
the various grid design and market design options and understand the
modelling, technical and economic analysis through energy system modelling
(types and scenarios) we can consider the options or alternatives and how the
best option was selected.

Through the decision quality framework we can critique the policy cycle
focusing on readiness for the planning and implementation phase. This will
enable us to retrospectively understand the context and structuring of the
problem, appraise the modelling methods and review the assessment
processes. Simultaneously checking to see if the risk and uncertainty
management and analysis that will be needed has been addressed and
considered in implementation phase.

To do this the research activity plan is to:

1.

Further to the literature review and information gathering focusing on EC and
EP Energy Union Policy Development and Decision Making efforts: including
review of communications and publically available documents from concept
through to launch and to review just how effective policy and processes are
(also to understand the merging the energy, environment and climate policies)
Attendance at a series of Energy Workshops and Seminars focusing on Energy
Markets to support transition following the EU Policy, Regulations and
Directives

Attendance at EU arranged Infrastructure and Project Proposal and Grid
configuration gatherings and events that are working to implement the policy.
Complimented by Detailed Risk and Decision Making training and understudy
of Decision Quality and Strategic Decision making guidelines and application
of Risk and Decision Analysis appreciation.

As part of Information gathering and understanding of challenges and opportunities
and the opportunity to ask questions and network, attended a series of seminars and
workshops geared for the stakeholders across the energy policy spectrum:

1.

Risk and Decision Making Analysis online training and webinars 2018
(including @Risk, SIPMath, SDG Webinars and review of Society of
Decision Professional Conference proceeds)

Attend the Ensystra Energy Transition Business Economics and Market
Design Workshop, Edinburgh UK, Jan 2019

Attend the Infrastructure Workshop Scottish & Southern Energy SHE
Transmission Upgrade Workshop Feb 2019, Edinburgh, UK

Energy Transition Week Attend Capacity Markets Workshop and follow the
Energy Transition Conference Trondheim Mar 2019

Webinar Strategic Decision Making Workshop and Decision Quality
presentation (SDQ Climate Change presentation) April 2019

Attend and present at the Carbon Intensive economies and sustainability
workshop, Is CCS coming to the rescue? UiS, Stavanger Norway 11 April
2019

44



. Follow the EU Energy Union Announcement and Draft Regulation and

Directive Review Launch and Communications review Dec 2018 - May 2019

. Energy Policy Research Group Capacity Market and Market Disruption

Seminar Cambridge, UK, 9-10 May 2019

. Follow Live Feed from the EC 2019 Infrastructure Forum, Copenhagen,

Denmark 23-24 May 2019 (Implementation Workshop)
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Results

By following the process for energy policy development and the launch of the clean
energy for all Europeans package and subsequent release of regulation, directives and
framework for energy it is necessary to review the policy development process
including all decision points and approval processes together with the grid design and
market reforms used by the EU. This will assist to capture all the planning and
implementation challenges and opportunities, which will later be derived from review
Decision Quality Framework stages applied to EU Energy Union, to enable this
analysis it was necessary to review the following to develop research results for
analysis:

Decision Making and Governance in the EU and Energy Union

Policy Making in the EU focusing on Energy Policy in particular

Energy System Modelling used by the EU and R&D groups supporting the EU
Technical & Economic Assessment Techniques used by the EU to support
decision making and assess model outputs and how alternatives for projects
and energy mix are assessed against grid design and market design

e Market Designs — Internal Market Design and Energy Market Reforms in the
EU and assess selection and application effectiveness.

Decision Making and Governance in the EU

To understand how policy is developed it is important to review how the EU makes
decisions selects alternatives and develops policy, this is particularly important if we
are to use the decision dialogue frame work in combination with the decision quality
framework in the analysis section as described earlier:

As described by (Nugent, 2010) the EU operates under the authority described by the
EU Treaty of Lisbon, signed up by member states of the EU in 2009, and through the
treaty the voting systems and policy and governance responsibilities for the various
sectors, including energy, environment and climate, are established. The normal
pattern for policy making and decision making follows the format: the Commission
proposes a policy on behalf on the European Council (designed by the commission to
meet their objectives and mandates issued by the European executive council), the
parliament advises on the member state or various party requirements and once the
commission has developed the policy via the various directorate general bodies it is
sent on to the council for approval before release (Wallace et al., 2010). After the
council approves it the commission on behalf of the council forwards this to the
European parliament and Council of ministers (normally agreed by co-decision) for
vote and if successful will be legislated after consultation with the council and the
budgets agreed accordingly, this is captured in the schematic below.
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Fig 28. European Organizational RACI Chart (ec.europe.cu)

But due to the integration and expansion of the EU and following the signing of the
Lisbon Treaty, a more cohesive policy approach to Energy was found necessary and
as a result the voting by “Unanimity” (all agree). This was later changed to a
“Qualified Majority Voting” (keep a 2/3rds majority in favour) regarding issues
concerning energy and associated policy instruments. This voting mechanism for
energy was introduced in 2014. It tends to favour the larger member states or those
holding larger quota of votes (representative quotas) — this step was seen as necessary
after serious setbacks to the introduction of taxes concerning and market instruments
struggled to win the vote and subsequently these proposals were withdrawn. However
they will be approved now that the voting mechanism has changed to QMV (Wallace
etal., 2010)

But overall with respect to Energy and Climate Action the move to Qualified Majority
Voting will make it easier to facilitate Decision Making in the EU and in addition
overcome the resistance to Energy taxes and Carbon Taxes in the future which is an
essential part of the decarbonization strategy. As a result it may be more difficult to
get member states to ratify and implement the energy system transition and climate
actions but that may be why the EU is pushing for a bigger regulatory and governance
role in the future and also to introduce investment and financing incentives for
member states who comply with the policy and align to the strategy of the Energy
Union.

Previously policy development responsibilities regarding Energy was normally a
combined and collective effort between the EU and the member states, but due to
climate action and decarbonization of the energy system this has moved up the agenda
for the EU and is currently receiving a lot more of attention (Wallace et al., 2010). As
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a result a much bigger resource group has been created and the EU has took the lead
through the commission to develop the policy and that has developed the proposal to
create an integrated energy system and also opted to build up a more formidable
regulatory body to govern the cross border nature of the system. Thus new energy
policy, directives and regulations have been developed with specific focus on an
energy union including grid and market regulation responsibilities®2.

Correspondingly regarding the nature of the policy involvement, there will be a move
from the regulatory, governance and inter-state cooperation to one of considerable
reliance on legal regulation and EU Energy, Environment and Climate Action groups
concerning compliance and governance. This will also enable the ability to coordinate
the development, infrastructure and budgets that are needed to facilitate the transition.

The policy processes adopted by the EU are based on the treaty conditions, although
the energy policy is mainly designed to comply with the principles of the integrated
internal market, there is need to address external trade with respect to fuel (e.g. LNG
supplies) and technology resources or services (Solar, Wind and Hardware) to support
the transition phase and in to meet energy security requirements (diversification due
to geopolitical issues).

Policy Development in the EU

The EU, through the commission’s activities, has adopted the policy cycle as its main
framework for policy development where Energy, Environment and Climate issues
are concerned. (Wallace et al., 2010). To date the EU have completed the policy
proposals based on an Energy Union and these are ready for the planning and
implementation stage of the cycle.

w——

Feedback ’
Agenda-setting

Implementation Policy
formulation

Policy
decision

Fig 29. The EU Policy Cycle (Wallace et al., 2010)

32 https://ec.europa.eu/energy/en/topics/markets-and-consumers/market-
legislation/electricity-market-design
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However this cycle has received criticism if it is not sufficiently populated and the
sequence is not followed, this can affect the quality of the problem to be addressed
and scoping of the issue and agenda setting, the policy formulation in response may
be lacking where development and comparison of feasible alternatives and selection
criteria against objectives set out earlier in the policy process are not applied (which
in turn affects the policy and issues to be addressed). This in turn affects the
implementation and effectiveness of the policy. In addition during the implementation
phase further negotiation and bargaining with respect to strategy and measures to be
taken to comply with the policy are required between internal members, the
commission representative bodies (DG Climate and DG Energy) and the European
executive (European Commission and European Parliament) before it is legislated.
These support assessment negotiations are required to help support the policy
compliance through capital projects and operational research and systems support
(Nugent, 2010).

In addition the policy process helps with: experience transfer, interface management,
standardization, codes, regulations and knowledge transfer is key to the energy
transition. This will become important in the implementation of the policy (where
competence and technology readiness, adaptability and security and handling of
sensitive system information and vulnerabilities or resilience or robustness is
considered or required). While they follow the policy cycle they employ four types of
EU frameworks for policy process, the energy union makes use of all four depending
on the application (Nugent, 2010):

e Community method — awareness and climate issues, shared competences

¢ Intensive transgovernmentalism — emissions control, market and sector
coupling, trading and contracts. Also standardized system design and controls.

e Open Coordination — research and innovation, open source collaboration

e Centralized Decision Making - After the initial use of community, open and
transgovernmentalism the EU resorts to centralized decision making with
respect to energy policy and implementation by, by collating plans and
proposals a selection of common interest projects are considered and awarded
support, this is especially important when we consider the policy planning,
implementation and associated CAPEX budgets and approvals are to be
determined and considered (e.g. Projects of Common Interest) the European
Central Bank or European Investment Fund that will partially finance these?>.

The policy process may seem diverse in its approach but it also needs to take into
consideration the various maturity levels of the different member states (based on
current energy and system status) **; these will be complimented by imminent
delivery of member states Energy and Climate action plans which will be reviewed
and consolidated by the EU, this affects the decisions with respect to energy mix
alternatives and the need to upgrade and modify grid or readiness to interconnect
(synchronizing and balancing issues). In addition the policy needs to accommodate
domestic choices regarding energy mix and different priorities with respect to Energy

(safety, security, competence and current upgrade plans and strategies). Therefore the

3 CBAEU
https://ec.europa.eu/regional_policy/sources/docgener/guides/cost/guide2008 en.pdf
3% EU Maturity Mapping EU Member States

49


https://ec.europa.eu/regional_policy/sources/docgener/guides/cost/guide2008_en.pdf

although the targets are set, the method each member state uses to contribute to
collective achievement (portfolio approach) leaves some flexibility and options for
timing projects and long term strategy decisions (or deferrals or application of real
options in cases where technology readiness/affordability or return on investment or
value of benefits, information or flexibility needs to be considered) (Bratvold, 2010).

Energy Policy in the EU

With respect to Energy Union the EU Energy policy is aimed at (Wallace et al.,
2010):

e Ensuring the functioning of the energy market

e Ensuring security of energy supply in the Union

e Promoting Energy efficiency and energy saving and development of new
and renewable forms of Energy

e Promoting the interconnection of energy networks

To achieve these aims requires decision-making. This is normally based on
Rational choice of the alternatives on offer as long as they are aligned with
strategic direction of the EU and offer good value (Wallace et al., 2010).
Thereafter the appropriate policy, directives and regulations are drafted, proposed
and approved based on a vote held by the European Parliament in co-decision
with the Council of Ministers.

The introduction of taxes, cap and trade schemes and carbon price (with carbon
floor price) are planned. This is specifically geared to enable energy taxes, carbon
taxes and penalties that will be enacted and applied in the future. Non-compliance
to the Energy Policy including state aid and internal subsidies will result in
investigations fines, warnings and withholding of finance or investment — hence
the regulatory arm of the EU Energy Union known as ACER has been
strengthened (i.e. stick instruments) (Wallace et al., 2010).

As described by (Peterson & Bomberg, 1999)energy policy, legislation and
regulation, the European Council first raises priorities and sets the agenda for
issues to be addressed. These issues are then delegated to the respective
Commission entity responsible to resolve during the appointed period of council
tenure currently operating in 2014-2019 (e.g. delegated by the EU president to
Council Commissioners of Energy and Commissioner of Energy and Climate
Action, further these orders or objectives are delegated to the respective
Directorate General and their teams to resolve and collaborate. This organization
is responsible to develop policy and legislation for adoption by the Parliament (if
successful) this is best described by the diagram below>’

35 Master Thesis L D’hont https://lib.ugent.be/fulltxt/RUG01/002/480/358/RUGO1 -
002480358 2018 _0001_AC.pdf

50


https://lib.ugent.be/fulltxt/RUG01/002/480/358/RUG01-002480358_2018_0001_AC.pdf
https://lib.ugent.be/fulltxt/RUG01/002/480/358/RUG01-002480358_2018_0001_AC.pdf

PRIMARY LAW ARTICLE 194 TFEU SHARED COMPETENCE
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Fig 30. The Energy Union: Interfaces and Organization (MSc RUG L. D’hont
2018) https:/lib.ugent.be/fulltxt/RUG01/002/480/358/RUGO1 -
002480358 2018 0001 AC.pdf

In addition as described by (Wallace et al., 2010), while the energy mix and

exploitation of natural resources is left to the decision of member states, they will
find that they still need to comply to restrictions in emissions and meet specific
pre requisites of compliance or evidence of transition, this is very important if
they are to be awarded: subsidies, grants or concessions and access to investment
funds or support for the development of national energy plans and strategy (i.e.
carrot instruments).

Further explained by (Wallace et al., 2010), if the issues are of a significant

complex, multi-attribute and diverse nature (e.g. Energy Transition and
Environmental impact or mitigation) a member state stakeholder representative

team is established (e.g. Energy Union) in addition supported by dedicated

specialist groups or competent cells e.g. Energy Network Transmission Operators
for Electricity and Gas, ENTSO —E and ENTSO-G*® and in addition the
appointment of various expert organizations or personnel to advise and develop

36 Regulation market electricity https://data.consilium.europa.eu/doc/document/PE-9-
2019-INIT/en/pdf

15 ACER governance https://data.consilium.europa.eu/doc/document/PE-83-2018-

INIT/en/pdf
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policy proposals (e.g. Energy Transition and Climate Action support teams). To
promote governance compliance arm of the various commissions is established
(Agency for the Cooperation of Energy Regulators).

Once policy becomes legislation is ratified and it becomes law and then it needs to
be legislated by the member states, in parallel plans for infrastructure
development have been reviewed and approved the European Investment Bank
can support projects that can further economic and social cohesion which
contribute to the economic development. Normally with respect to Energy this is
reserved for capital spending on innovation and infrastructure developments. The
projects must support innovation and contribute to competitiveness, introduce
advanced technology and integrate at a European level. More specifically Projects
of Common Interest (PCI Projects) should be of interest to several member states.
The energy transition and infrastructure plans are well suited to these conditions
and are high priority and constitute 100% finance of capital projects or enter a
Joint Public Private Partnership where possible. In addition the EU under a
separate scheme known as the European Invest Fund - this fund can finance
development projects on a smaller scale by attracting up to 40% of the required
funds from the EIB and supplement addition to this source of funding, can
allocate EU budget by way of the Cohesion Fund in the form of a grant to supply
up to 30% of the support required. The remainder is obtained from public and
private investment (up to 30%) (Nugent, 2010)

To facilitate research and innovation the H2020°” fund has been established by the
European Commission, specifically focused on Energy transition and innovation
in technology required to support these efforts. This constitutes a majority of the
funds for Research and Innovation in the European Union. Plans are already
underway to allocate a second fund to cover the 2021-2027 implementation
phases (where it is not used for capital investment)

What is interesting to note is that it seems that options and alternatives are only
analyzed after a selection has been made and for project approval purposes,
although the Impact Assessment does include analysis of cost of damage against
cost of abatement it does not apply any rigorous assessment of alternatives or
various energy system configurations. Thus we may have policies that do not
capture the best representation for value or meet objectives, preferences or
priorities based on analysis. While we have reviewed Impact Assessments and
Model results from the EU, there is no comparison or assessment of alternatives,
or project approval routines with respect to Energy, however there is a Regional
Development framework that addresses project appraisal that captures this
depicted below3®.

37 H2020 http://ec.europa.eu/research/participants/docs/h2020-funding-guide/cross-

cutting-issues/climate-sustainable-development en.htm
38 Funding
https://ec.europa.eu/regional_policy/sources/docgener/guides/cost/guide2008_en.pdf
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| 1.Context analysis & Project objectives |

|

| 2.Project identification I

| 3.Feasibility & Option analysis |

|

4 Financial analysis:
- Investment cost
- Operating costs and revenues
- Financial return to investment

- Sources of financing
- Financial sustainability
- Financial return to capital

| If FNPV>0 If FNPV<0

The project does not require EU
financial support
(exception: productive investments
under state aid regulations)

The project does require EU
financial support

5.Economic analysis:
- From market to accounting prices
- Monetisation of non-market impacts
- Inclusion of additional indirect effects (where relevant)
- Social discounting
- Calculation of economic performance indicators

If ENPV<0 | ‘ If ENPV>0 ‘

The society is better off with the project I

The society is better off without

the project
(exceptions: projects with significant I
non-monetary benefits such as

6.Risk assessment
ailtural values, biodiversity, . i A
- Sensitivity analysis

landsc pe) s : . +
P - Probability distribution of critical variables

- Risk analysis

- Assessment of acceptable levels of risk

- Risk prevention

Fig 30. European Regional Policy Project Appraisal
https://ec.europa.eu/regional_policy/sources/docgener/guides/cost/guide2008_en.pdf

EU Project Approval form used for financing and support of infrastructure projects.
But this is done after the policy process is complete i.e. in the implementation phase,
so begs the question, do we have the right policy? This approach may have ruled out
or neglected many of the alternatives, or alternatively combined too many without
filtering the options that we should be assessing early in the process.

This process is also tied into the budget allocation or financing phase. €180 billion has
been budgeted until 2021 (mainly for R&D and Infrastructure Projects and
administration), new budgets will be developed when the new commission is in
office, but it is projected that*® 2% of GDP is required for infrastructure (€480 billion)
per annum 2022 — 2035 and increased to 2, 8% (€550 billion) 2035 onwards to
achieve net zero carbon in 2050 (Please Note: These figures do not include transport

39 4th State of the Energy Union https://ec.europa.eu/commission/sites/beta-
political/files/fourth-report-state-of-energy-union-april2019_en_0.pdf
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replacement costs)*’. What is not known is what projects or scopes are included
within this budget. And it seems low compared to the estimates of individual member
states (e.g. net zero decarb estimated at £1 trillion for the UK)*'.

Energy Union Policy and Decision Making Policy Analysis

Energy Policy was created to provide: affordable, secure and sustainable energy for
all citizens initially started via the 3™ Energy Package This package was especially
significant regarding the unbundling of monopolies and the infrastructural needs of a
new systems and focus on connectivity efforts, towards the end of 2014 and the
formation of a new Commission the Energy Union was proposed with the need to
review energy regulation and directives pertaining to market design, security and
integration of renewables. The targets for 2020 were set in 2008 and a plan to achieve
these set in motion*2. This was summarized in the 4™ state of the Energy Union:

Greenhouse Gas Emissions Renewable Energy Energy Efficiency
2020 2030 2020 2030 2020 2030
-20% | 2-40% 20% 232% 20% |232.5%

Climate in EU-funded Interconnection C02 from :

programmes 2014-2020

2020 2030 Cars [ Vans l Lorries
..2020 | 2030 10% | 15% — . N—
20% 25% —37.5%‘ -31% | -30%

Fig 31. Energy Union Targets (4" state of the Energy Union®")

But the scope has been further widened and supported by objectives agreed at COP21
in 2015 culminating in the signature of the Paris Agreement that the EU supported
and presided over. To that end the original 3™ energy package introduced in 2009 was
expanded and enlarged and now the focus is on implementation to accommodate
environmental impact, emission targets and climate objectives.

%0 Energy Infrastructure Forum 23 & 24 May 2019 Copenhagen, Denmark, streamed
live and available through link on YouTube https://www.youtube.com/watch?v=-
mygMqgXncKs

UK Government leaked announcement before committing UK to Net Zero by 2050
42 EU Energy Union https://ec.europa.eu/commission/sites/beta-political/files/euco-
sibiu-energy union_and_climate change policy.pdf
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The result, following a public consultation®®, the launch of a new market proposal in
2016, involved a dramatic push for low carbon energy transition. This was quickly
followed by the introduction of a “clean energy package for all Europeans”** with
updated stretch targets for 2030 were established in 2016. It was around this time that
a unified approach between the Energy Union and Climate Action was formally
formed. Thereafter this was also expanded to include internal market and
competitiveness into the policy development™.

Nearly 2 years later in the release of new directives for electrical and gas systems
were published with a huge public consultation campaign to rally support and
awareness. In addition the European Commission called for measures and efforts to
attain a climate neutral economy and energy system by 2050 and this was branded “A
Clean Planet for All"**.

In the background to these developments Horizon 2020 (2014 — 2020)*” continues to
address the research and innovation requirements campaign to enable solutions to
meet infrastructure and technology needs. As a result of these efforts and results the
Energy Union was able to put forward proposals and scenarios to deliver an integrated
energy market directive in 2018*. This culminated in the delivery of the 4™ State of
the Energy Union* and subsequent claim that the Energy Union of the EU has been
achieved in 2019. (NB Targets, Main Objectives and removal of subsidies for energy

# Consultation new market design
https://ec.europa.eu/energy/en/consultations/public-consultation-new-energy-market-
design

& Consultation energy security https://ec.europa.eu/energy/en/consultations/public-
consultation-risk-preparedness-area-security-electricity-supply

4 EU Energy Union https://ec.europa.eu/commission/sites/beta-political/files/euco-
sibiu-energy union and climate change policy.pdf

4 EU Clean energy for all Europeans https://publications.europa.eu/portal2012-
portlet/html/downloadHandler.jsp?identifier=b4e46873-7528-11€9-9105-
O0laa75ed71al &format=pdf&language=en&productionSystem=cellar&part=

% EU A clean planet for all
https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733 en.pdf

47T H2020 http://ec.europa.eu/research/participants/docs/h2020-funding-guide/cross-
cutting-issues/climate-sustainable-development _en.htm and EU H2020
https://ec.europa.eu/inea/en/horizon-2020/projects/h2020-energy/system-modelling

8 Market Reform https://europa.eu/rapid/press-release MEMO-15-5351_en.pdf
& Market Retail http://europa.eu/rapid/attachment/MEMO-15-
5351/en/Retail%20Market.pdf

4 EU State of the Union Facts http://europa.eu/rapid/press-release. MEMO-19-
1875_en.htm

EU 4th State of the Energy Union https://ec.europa.eu/commission/sites/beta-
political/files/fourth-report-state-of-energy-union-april2019_en_0.pdf

EU State of the Union Speech 09 April 2019 http://europa.eu/rapid/press-
release_ SPEECH-19-2073_en.htm

EU Energy and 