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ABSTRACT

The Renewable Energy Directive 2001/77/EC (2001) introduced a system of Guarantees of
Origin (GOs) to be able to track the renewable electricity consumption in Europe. By
purchasing a GO which is an electronic certificate, 1 MWh of electricity can be claimed as
being from a renewable source. The purchase of GOs was made mandatory for any renewable
claim in the revision of the Renewable Energy Directive (December 2018).

The ultimate goal of this Master’s Thesis was to identify the impacts of GOs on the electricity
value chain, composed of five activities associated: electricity production, transmission,
distribution, trading and consumption. In order to identify the impacts, this Master’s Thesis
constructed beforehand a knowledge base necessary to understand the GO system. Broadly
speaking, the European Directives relevant to the GO system were analyzed, relevant published
academic research was reviewed, the practical use of the GOs in electricity tracking was
investigated and the GO market was described. In addition, the differences that prevail in the
implementation and the use of this system among the Member States were identified and
outlined by providing a comparison between Norway and Germany.

The literature review, other reliable online sources and a number of semi-structured interviews
with practitioners and renewable energy experts led to several findings. First, dealing with GOs
has become an extra task for the agents along the electricity value chain: the eligible electricity
producers receive and resell the GOs, the Transmission System Operator is in some cases
assigned as the Competent Body for GOs and electricity retailers have to purchase GOs to back
the electricity they sell to the customers asking for renewable electricity. Secondly, unlike the
wholesale electric power that has a single price, many types of GOs exist and are priced
differently depending on various characteristics (renewable energy source, location, age of the
power plant, etc.). Additional revenues provided by GOs to power producers and traders are
therefore largely varying and difficult to assess for the following reasons: (i) it depends on the
GOs’ characteristics, (ii) GO prices are very volatile and (iii) GO prices are not transparent to
market outsiders. The price paid by end-consumers for GOs is also difficult to estimate because
prices are not transparent to them and the GOs are often included in products offering additional
specificities, such as eco-labels for example. Thirdly, it was found that in today’s market the
impact of GOs on renewable investments is very limited due to their low price and to the fact
that renewable investments are triggered by governmental subsidies which are substantially
higher than the GO prices. Finally, regarding Norway and Germany, the major differences
identified are the issuing rules which impact a lot the volume of GOs traded in these countries
and in the market in general. The demand for GOs is also substantially different in the two
countries.
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1. Introduction
1.1. Context of emergence and introduction to the GO
system

Guarantees of Origin (GO) were introduced in 2001 driven by two major trends: the

liberalisation of the electricity market and the adoption of renewable energy sources (RES).

The European Commission began liberalising the electricity market with its 1996/92/EC
Directive which has been replaced by the Directive 2003/54/EC and later by the Directive
2009/72/EC (Pollitt, 2009). With the aim to create a common internal market, the Directive sets
out common guidelines for the generation, transmission, distribution and retail of electricity
(Council Directive 2003/54/EC, Art 1). The Directive called for an independent regulatory
agency for electricity in each Union’s country to be set up and emphasised the need for
competition in generation and electricity retail by requiring the decoupling of transmission and
distribution from the generation and electricity retailing (Pollitt, 2009). Thereby removing
entrance barriers for new generators and retailers by requiring Member States and national
regulatory authorities to facilitate cross-border access for both (Council Directive 2009/72/EC,
(8)). Regarding the transmission and distribution activities, the European Commission looked
to foster the establishment of a natural monopoly performed by an independent regulator
(Pollitt, 2009). Finally, its goal was the creation of an harmonised European electricity market
(Pollitt, 2009).

There was already considerable interest in the production of renewables prior to the electricity
market liberalisation. A few pioneering countries such a Denmark, Germany and Spain had
developed support schemes® before any European Policies on Renewables were enforced
(Bocquillon & Solorio, 2017). But the real shift resulted from the release of the Commission’s
Green Paper on renewable energy sources (RES) on the 20" of November 1996 (Bocquillon &
Solorio, 2017). Recognising the benefits of RES and the obstacles hindering their exploitation,
the Green Paper set out recommendations and fixed an ambitious objective consisting of
doubling the contribution of RES to the gross inland energy consumption in order to reach 12%
by 2010 (COM, 1996). The reactions from Member States’ agencies, industries, regional
associations, non-governmental organisations, institutes and professional associations, as well

as, extensive public debates gave birth to the White Paper one year later, in 1997. Following

1 A support scheme is a national governmental support used to foster investments in renewable energy in order to
meet the desired level of renewables in the EU (European Commission, n.d.c.). It can take several forms such as
a feed-in tariffs, tradable green certificates or a tendering procedure.



the Green Paper, the White Paper confirmed the target of 12% and enclosed strategies and
action plans to reach it (COM, 1997).

In the same year, the Kyoto Protocol was adopted, setting internationally binding emission
reduction targets for its members for the period 2008-2012. The protocol finally entered into
force in February 2005, after at least 55 parties accounting for at least 55% of the total carbon

dioxide emissions of 1990 had signed it, as agreed upon its establishment (UNFCC, n.d.).

Within this framework, the European Commission published its first directive on the promotion
of electricity produced from RES in the internal electricity market, namely the Directive
2001/77/EC. It is in the same directive that the GO system was introduced.

A GO is a tradable electronic certificate certifying the consumption of 1 MWh of renewable
electricity. It should not be confused with the Tradable Green Certificates (TGC) that are used
as a support scheme in some European countries. Unlike the GO system, which is voluntary,
consumers are compelled to buy a certain amount of Tradable Green Certificates to fulfill a

quota set by the government.

The Directive 2001/77/EC that spearheaded the GO system and fixed a target of 12% RES share
of the European Union’s gross consumption for 2010, was replaced in 2009. The Directive
2009/28/EC set a new ambitious target of 20% for 2020. Lastly, last December, the Directive
2009/28/EC was further amended into the Directive 2018/2001 with an even more visionary
target of a share of at least 32% of renewable energy by 2030. Member States have two years

to implement the new Directive, during which the Directive 2009/28/EC applies.

1.2. Research question

Major changes took place with the creation of the GO system. Two new directives (Directive
2009/28/EC and Directive 2018/2001) on the promotion of the use of RES were approved after
the Directive 2001/77/EC, with increasingly more ambitious renewable energy targets, as well

as bringing in some modifications to the GO system.

GO trading has continuously grown since its creation, partly driven by an increasing number of
European countries taking part in this market. Although, some flaws remain in the GO market,
the prospects are positive, and the demand and supply are expected to rise and might eventually

reach an equilibrium, after an historical oversupply.

Yet, the GO system and its market seem to be solely directed to businesses, and the fact is that

very few citizens (end-consumers) understand the system, although as electricity consumers, it
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concerns everyone. The purpose of this Master’s Thesis is to construct the knowledge base
necessary to understand the GO system as of today. A clear understanding of the GO system
and its market is essential to understand the last revisions of the system introduced in the new
Directive and their likely effects. More specifically, this Master’s Thesis aims at identifying
the impacts of the GOs on the electricity value chain. The physical electricity value chain is
composed of four parts: the generation, the transmission, the distribution and the consumption.
After its production by a generator, the electricity is transported over long distances at high
voltage under the responsibility of the Transmission System Operator (TSO). The distribution
system operator (DSO) is then in charge of distributing the electricity, at a lower voltage, to the
end-consumers who consume it for heating, lightening, electronic equipment, etc. Besides the
physical electricity value chain, trading electricity is also a very important activity without
which none of the previously cited activities are economically viable. For that reason, this
Master’s Thesis considers electricity trading as part of the value chain and will identify how it
is affected by the GOs. The two key features of electricity are that its generation and
consumption happen almost instantly as the flow of electricity is continuous, and secondly that
it is also almost impossible to trace the source of electricity as it is impossible to distinguish
electricity generated from dirty or clean energy sources or to know exactly where the electricity
comes from. This is simply due to the fact that all electricity is fed into the grid, regardless of
the energy source it comes from. The only certainty is that the electrons forming the electricity
choose the shortest route from the point of generation to the point of consumption. Taking this
as the research focus, the research question was formulated as “What is the impact of the GO

system on the electricity value chain’?

Furthermore, despite the fact that it is a Europe-wide system, Member States have some
freedom in the implementation of the GO system which in turn leads to variations that affect
the electricity value chain. This Master’s Thesis aims to provide insights and clarifications on
how this works by using the cases of Norway and Germany to illustrate similarities and

differences.

1.3. Limitations and scope of the study

First of all, this Master’s Thesis focuses solely on the European Energy Certificate System
(EECS) GOs. Other types of certificates carrying the same function can be traded outside the

European borders but they are not addressed in this Master’s Thesis.



Secondly, Member States have two years from December 2018 to implement the new Directive
2018/2001 in their national legislation. The evolution of the GO market is thus bound by the
choices Member States make; and the GO market depicted in this Master’s Thesis is the
snapshot of the situation today which might not be representative in the years to come.
Furthermore, this snapshot is limited by the lack of data available. Unfortunately, the GO
market is not transparent, especially information about pricing. Additionally, prices are very
volatile and change from day to day. Hence, the pricing information presented in this Master’s

Thesis is limited.

The Master’s Thesis identifies the impacts of GOs on the electricity generation, transmission,
distribution, consumption and trading. The aim was to identify the transformation of the roles
of the various players in the electricity value chain, the impacts on costs and revenues generated
and if the introduction of GOs influenced the choice of power generation and/or consumption.
As previously mentioned, it was difficult to gain accurate information on costs and revenues in
order to assess their impacts, as the GO market and its pricing are not transparent and
additionally the prices depend on varying criteria. Thus this Master’s Thesis is intended to be

thorough exploration of the matter with the view to identify areas for a future research.

Finally, the choice of Norway and Germany as two examples was motivated by the fact that
Norway is the largest net exporter of GOs and Germany is the largest net importer of GOs.
Other interesting aspects are that these two countries have different rules regarding the energy

sources eligible for GOs, different national support schemes and different demand for GOs.



2. Methodology

2.1. Justification for the methodological choices

This research is exploratory and has been conducted using a qualitative methodology,
considered by Jacquemin (2017/2018) to be the most promising method for exploratory
research. A lot of information was gathered from company reports, academic papers and other
various online sources but specific information about the market was collected via semi-
structured interviews with market players in order to gain practical insights in the functioning
of the GO market. Adam (2015) describes the semi-structured interview method as asking open-
and closed questions to one person at a time, often followed by a series of questions to explore
how and why things happened in this way. Moreover, the discussion is not strictly bound to the
agenda and can lead to unexpected findings.

2.2. Construction of the sample

A sample of Norwegian and German companies playing different roles in the GO market and
in the GO system was collected. Norwegian companies were relatively easy to find whereas
German companies were more reluctant to take part in an interview. Eventually, we managed
to conduct interviews with four Norwegian market players (Becour, BKK, ECOHZ, Kinect
Energy Group) and two German market players (Innogy and a trader who wished to remain
anonymous). The market players sample is composed of four traders (Becour, ECOHZ, Kinect
Energy Group and the anonymous trader), two producers (BKK and Innogy) and one
Distribution System Operator (BKK). In addition, we conducted two interviews with the Issuing

Bodies of Norway and Germany (Statnett for Norway and UBA for Germany).

2.3. Interview methodology

As required by the semi-structured interview methodology, the companies were approached
with questionnaires prepared for each type of role. The questionnaires were slightly adjusted
for each respondent based on our research and their time availability. During the interviews,
other questions evolved as the conversations unfolded, but these were mainly focused on the
GO market or system in general and the precise role of the interviewee. Regretfully, we couldn’t
follow this methodology for all the companies as the two German companies preferred to

answer the prepared questionnaire directly.



2.4. Structure

The first chapter and the second chapter covered the introduction to the GO system and to the
Master’s Thesis, as well as the methodology applied in the thesis. The third chapter focuses on
the GO system as designed in the currently implemented directive. This chapter sheds light on
the purpose of the GO system and its design, which is necessary to understand the literature
review that is presented in the fourth chapter. The literature review gathers together the
published research conducted until now on GOs and helps to pinpoint some aspects of the GO
system that could impact the electricity value chain. Chapter five tackles the effective use of
GOs in the electricity disclosure (i.e. the disclosure of the shares of energy sources making up
the electricity consumption of end-consumers) and outlines the way GOs affect the
consumption statistics. The following three chapters more fully explore the GO market and
analyse the different players, pricing and volumes. A brief outlook based on the new directive
is then offered, as well as the expectations regarding the future GO price, likely tradable
volumes and the expected trading environment. Finally, the second last chapter gathers the
relevant information to identify the impacts on the electricity value chain and is followed by a

conclusion.



3. GOs in the European Directives

3.1. Definition

Although the term « guarantee of origin » was introduced for the first time in the Directive

2001/77/EC, it only defined in its subsequent Directive eight years later:

‘guarantee of origin’ means an electronic document which has the sole function of
providing proof to a final customer that a given share or quantity of energy was produced
from renewable sources as required by Article 3(6) of Directive 2003/54/EC; (Council
Directive 2009/28/EC, 2009, Article 2(j), p. 27).

The GO’s definition must be read together with the Article 3(6) of the Directive 2003/54/EC
which concerns the common rules for the internal market in electricity. The Article 3(6) of the
Directive 2003/54/EC, called « Public service obligations and consumer protection »,

describes the role of the electricity retailers and says:

6. Member States shall ensure that electricity suppliers specify in or with the bills and

in promotional materials made available to final customers:

(a) The contribution of each energy source to the overall fuel mix of the supplier
over the preceding year;

(b) At least the reference to existing reference sources, such as web-pages, where
information on the environmental impact, in terms of at least emissions of
CO2 and the radioactive waste resulting from the electricity produced by the
overall fuel mix of the supplier over the preceding year is publicly available.
(Council Directive 2003/54/EC, 2003, Article 3(6), p. 42).

In other words, the GOs have been created to enable electricity retailers to document the
renewable electricity they sell and therefore to help them to fulfill their obligation of disclosure

of all energy sources to the customers as required by this article.

3.2. Purpose and utilisation

The Directive 2009/28/EC stipulates that GOs have been created for the « sole » purpose of
guaranteeing to end-consumers that the green electricity they purchase is effectively from RES
(Council Directive 2009/28/EC, 2009, Article 2(j), p. 27). Since the 27" of October 2003, all



Member States have to safeguard that any electricity produced from RES can be certified with
GOs upon a generator’s request (Council Directive 2001/77/EC, Article 5(1)).

This unique legislative purpose is further strengthened in Directive 2009/28/EC, which
specifies that GOs have no role to play with compliance to national target for renewable
consumption fixed in the same directive (Council Directive 2009/28/EC, Art 15(2)).

Beside the purpose defined in the Directive, other informal uses have appeared over the years
and through trading GOs. It also appears that retailers and companies often use GOs as a
marketing tool. As they are convenient for carbon footprint calculations, companies use them
to reduce the environmental impact of their production and activities in their sustainability
reports (Brockl, Pesola, Vehvildinen & Tommila, 2011). In response to growing environmental
concerns, retailers also build on GOs to offer differentiated products to consumers. By offering
eco-labels based on GOs or different GOs depending on the energy source or characteristics of
the production plant, consumers can choose the products that match their personal values, and
for example contribute to additionality or specific environmental projects (Brockl et al., 2011).
An eco-label for renewable electricity is more than just documenting the renewable source of
the electricity as they include other environmentally friendly criteria to be met. For instance,
additionality is a criterion often used in eco-labels, and is cited as a major reason why consumers
purchase GOs. A GO can be considered to be additional if the revenue it generates enables the
expansion of the current renewable capacity, and if this expansion would not have taken place

without the investment of these revenues (Haddon & Powers, 2017).

3.2.1. Eligibility criteria

According to the Directive 2009/28/EC, a GO is an electronic document corresponding to one
MWh of renewable energy, issued conditionally upon the request of an eligible producer
(Council Directive 2009/28/EC, Art15(2)). The eligible RES are: «wind, solar, aerothermal,
geothermal, hydrothermal and ocean energy, hydropower, biomass, landfill gas, sewage
treatment plant gas and biogases» (Council Directive 2009/28/EC, Article 2(a), p. 27). The
Directive 2009/28/EC extended the GOs system compared to the Directive 2001/77/EC by
introducing GOs for heating and cooling activities based on the RES. However, in this case, the
issuance of GO may be conditional to a minimum capacity. Moreover, since 2012, GOs can
also be issued for electricity produced from high-efficiency cogeneration, also called high-
efficiency combined heat and power production (Council Directive 2012/27/EU, Annex X).



In any case, the GO system is voluntary. It is thus left to the eligible power producers to decide
if they want to request GOs for their renewable production or not (Council Directive
2009/28/EC, Art 15(2)).

It is important to note that Member States (MS) have a certain freedom in the implementation
of the GO system. The Directive can be seen as providing guidelines and is interpreted
differently by the MS. As an example, the eligibility criteria vary considerably across MS. Some
countries have decided to use GOs to document all energy sources and therefore issue GOs for
non-renewable sources as well (e.g. Switzerland and Austria), others have decided to issue GOs
only for renewable sources; and some have decided to add that GOs can only be issued by
generators of renewable energy that do not benefit from a support scheme (e.g. inter alia France

and Germany).

3.2.2. Competent bodies

The issuance, transfer and cancellation of GOs are incumbent to one or more Competent Bodies
that can be freely appointed by each MS, as long as they are separated from the production,
trade and retail of electricity and have separate geographical obligations (Council Directive
2009/28/EC, (Art 15(2)). The Renewable Energy Directive also requires each MS or their
Competent Bodies to ensure the accuracy, reliability and validity of the GO system (Council
Directive 2009/28/EC, Art 15(5)). In most cases, the Competent bodies are the TSO, electricity

regulators or energy market operators (ECOHZ, n.d.a).

3.2.3. Informative content of a GO

The minimum information that a GO must provide is defined in Article 15(6) of the Directive
2009/28/EC:

6. A guarantee of origin shall specify at least:

(@) The energy source from which the energy was produced and the start and end dates
of production

(b) Whether it relates to:
M electricity; or
(i) heating or cooling;

(c) The identity, location, type and capacity of the installation where the energy was

produced



(d) Whether and to what extend the installation has benefited from investment support,
whether and to what extend the unit of energy has benefited in any other way from
a national support scheme, and the type of support scheme;

(e) The date on which the installation became operational; and

(f) The date and country of issue and a unique identification number (Council Directive
2009/28/EC, Article 15(6), pp. 34-35).

In the case of GOs for high efficiency cogeneration, the minimum information that must be
disclosed is defined in the Council Directive 2012/27/EC and can be found in the Appendix |
of this Master’s Thesis.

3.2.4. Lifecycle of a GO

The maximum lifetime of a GO is 12 months from the date when the physical energy unit is
produced. When the GO is bought to document the electricity consumption of an end-consumer,
it must be cancelled in the national registry. In the event that the GO is not used within the 12

month period, the certificate expires (AlB, 2018a).

3.2.5. Cross-border trade

In a nutshell, when an end-consumer (a private household or a company) decides to buy green
electricity backed with GOs, they pay extra for the green certification to the producers who
were granted the GOs. However, in reality, it is impossible to guarantee the buyer of renewable
electricity that what they receive is only from green sources since electricity from all sources
(including non-renewable) are fed into the grid, and there is no way exists to track electrons.
To put it another way, GOs ensure that the renewable electricity is effectively produced, but

not that it is physically consumed by the buyer (van der Linden et al., 2004).

Considering that GO trading is completely decoupled from the physical power trading, no
barriers should hamper their cross-border trade. For that reason, the Directive 2009/28/EC
requires MS to accept the GOs issued by another MS. Should a MS have a « well-founded doubt
about its accuracy, reliability and veracity » (Directive 2009/28/EC, Article 15(9), p.35), then
the Directive authorises the refusal of a foreign GO upon a notification to the Commission,
justifying the refusal. In case the Commission does not agree with the claims, they may require
the MS concerned to accept the foreign GO (Directive 2009/28/EC, Art15(10)).

A lack of clarity on the valid justifications for a refusal was presumed by experts to cast doubts

among market participants and national Competent Bodies on how to handle the cross-border
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transfers of GOs. Thus, this was considered as being a restraint to the cross-border trade (Veum,
Londo & Jansen, 2015). In that context, in order to harmonise the use of GOs and to facilitate
cross-border trade, the Association of Issuing Bodies (AIB), launched the European Energy
Certificate System (EECS) in 2007 (Veum, Londo & Jansen, 2015). Today it is composed of
23 active European Issuing Bodies (2019). The EECS system is the European Standard for GOs
(AIB, n.d.a). It aims at facilitating the cross-border trade of GOs by providing an established
electronic hub and by supporting the issuance, transfer and cancellation of the GOs (Veum,
Londo & Jansen, 2015). The EECS standards are governed by the principle and rules of
operations, which are implemented by each country by means of their “Domain Protocol” (AlB,
n.d.b) In fact, each country willing to take part in the EECS system and its electronic hub must
first set up a Domain Protocol defining how the EECS rules will be implemented in the country
and the latter has to be approved by the AIB before the issuance, transfer and cancellation of
GOs (AIB, 2018a).

A comprehensive schema of the GO system can be found below in figure 1. Note that this

schema is based on the example of Norway where the Issuing Body is Statnett.

The customer has
The physical power delivered to the not bought GOs
customer is the same

" The customer’s GO payment goes back |
"\ -Jtorenewable power producers ____|

The customer has
bought GOs

power
producer

National GO-registry

GO is issued » GO is cancelled . ™
Statnett

International transfer through the AIB Hub i

Figure 1. The GO system (Oslo Economics, 2018, p. 10).

3.3. Implementation of the GO system in Norway

In Norway, the GO system is established exclusively according to the EECS. The regulatory
authority for the GO system is the Norwegian Water Resources and Energy Directorate (NVE)
(Brockl et al., 2011).

Any producer willing to register for EECS GOs must first apply to the NVE which carries out
the role of production registrar and auditor. If necessary, the production device is inspected to
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ensure that the requirements of the Norwegian regulations on EECS GOs are met (Statnett SF,
2018). The application automatically generates a GO license valid for five years. Once the
producer has acquired the license, it is forwarded to Statnett that takes care of its registration in
the Norwegian Central Energy Certificate System (NECS) (I. M. Clausen from Statnett,
personal communication, February 20, 2019, Appendix B). As a matter of fact, on top of being
the TSO in Norway, Statnett undertakes three other functions related to the GOs. It is the
Competent Body for EECS GOs, i.e. they administer the EECS GOs, it is also the Issuing Body
for EECS GOs (meaning that it manages the EECS registration database (NECS) and its
interface with the EECS transfer system, the AIB HUB) and finally, it is the Measurement Body
in charge of the collection and control of measured volumes of energy used in financial
settlements (Statnett SF, 2018).

After the generator and its installations have been registered by Statnett, the generator can
decide to use a proxy to handle the GOs on his behalf. Most of the time, a proxy is a trader but
it could also be another generator. If he decides to use a proxy, he must sign an agreement with
the latter beforehand and notify Statnett which will then issue the GOs directly to the proxy
instead of the generator (I. M. Clausen from Statnett, personal communication, February 20,
2019, Appendix B). In fact, three types of account holders prevail in the NECS registry:
generators, production aggregators (managing the installations in the registry and the issued

GOs for owners who have given them power of attorney) and traders (Statnett SF, 2018).

GOs are automatically issued by Statnett every Monday for the weekly production dating back
to three weeks. For instance, the GOs corresponding to the production week one are issued in
the week four (I. M. Clausen from Statnett, personal communication, February 20, 2019,
Appendix B). This is due to the fact that Statnett only receives the meter values for all
production devices from the Elhub 15 days after the real production. This time is used to make
any corrections or to settle any disputes (I. M. Clausen from Statnett, personal communication,
February 20, 2019). I. M. Clausen describes the Elhub as « the Norwegian data hub for all
aggregated data or meter data in the Norwegian power market ». The latter came into operation
in February 2019 (I. M. Clausen from Statnett, personal communication, February 20, 2019,
Appendix B, p. 92.)

Norway has historically been the largest issuer of GOs. In 2018, GOs were issued for hydro,
wind and biomass but GOs can be issued for other types of renewables and non-renewable
sources as well (I. M. Clausen from Statnett, personal communication, February 20, 2019,
Appendix B). However, the Combined Heat and Power GO system has not been implemented
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yet in Norway (AIB, 2018b). It should also be noted that no distinction is made between
installations benefitting from a support scheme and those who do not.

Every GO issued can be transferred to another account holder. To do this, the seller has to
initiate the transfer in the NECS, which will then happen automatically to the new account
holder. All international transfers must go through the AIB hub. The cancellation of GOs is also
performed by the relevant account holder, and Statnett makes sure that each GO is cancelled
only once (I. M. Clausen from Statnett, personal communication, February 20, 2019, Appendix
B). If GOs are not used within 12 months from the date at which the corresponding physical

energy unit was produced, they expire automatically in the NECS (Statnett SF, 2018).

In return for its services and the use of the NECS, Statnett charges an annual fee of €2,569.75
as well as €0.0036 for each MWh of GOs exported, imported or transferred internally. This
very low transaction fee applies to the first movement of GOs from an account to another.
Should a GO be transferred several times, only the first transfer will be charged. The exchange
rate used for the transactions is 0.10279 NOK/EUR (AIB, 2018f).

Finally, Statnett is also in charge of the creation and modifications of the domain protocol for
Norway and it is a member of the AIB (Brockl et al., 2011).

3.4. Implementation of the GO system in Germany

Similar to Norway, the German GO system has been established in line with the EECS rules
(RE-DISS 11, 2015).

The Competent Body for EECS GOs is the Federal Environmental Agency (UBA). UBA is also
the Issuing Body and therefore administers the EECS registration database and its interface
with the EECS transfer system. The registry of GOs operated by UBA is called
Herkunftsnachweisregister (HKNR) (Umweltbundesamt, n.d.a) and has been used since
January 2013 (Umweltbundesamt, 2018). However, unlike Statnett, UBA is not the authorised
Measurement Body responsible for the collection and verification of the measured volume of

energy. This responsibility rests with the grid operators of the plants.

An owner of renewable power facilities willing to receive GOs must register in the HKNR
registry. It is only when the data has been verified by UBA that the account is activated and that
the producer can register its installation(s) (Umweltbundesamt, 2018). After that, he can make
a request which he can decide to do every month or for a long-term period. If the production

information has been approved by the grid operator and sometimes also by an environmental
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verifier, GOs are automatically issued by UBA every month provided that no governmental

support is granted and that the request is uniquely for RES (Umweltbundesamt, 2018).

Besides producers, four other types of actors can be registered in the HKNR, namely traders,
electricity retailers, service providers and environmental verifiers. Nevertheless, only the
producers, traders and electricity retailers have a proper account (Herforth, 2015). Each account
holder may appoint one or several service providers to exercise diverse functions on their
behalf, such as account maintenance, trading, issuing and the cancellation of GOs. (C. Herforth

from UBA, personal communication, February 28, 2019, Appendix C).

Unlike in Norway, only the traders are allowed to import and export GOs through the AIB Hub.
For internal transfers however, installation operators do not need to go through a trader
(Herforth, 2015). The traders are forbidden to cancel any GOs, this right lies with the electricity
retailers (Umweltbundesamt, 2018). This aspect is a major difference between Germany and

Norway. We recall that in Norway, the traders can also cancel the GOs for their clients.

As stated in the Directive, 12 months after the production of the corresponding electricity, the
GOs expire. The expired volume is then communicated to the Federal Association of the
German Water and Energy Industries that will include it into the German Residual Mix

calculation which we will describe in the next chapter (Umweltbundesamt, 2018).

When it comes to the fees charged by UBA, the system is a bit more complicated than in
Norway. Different annual account charges prevail for the maintenance of an account: the annual
fee charged to users of an account with a turnover lower than 2,500 GOs per year is €50, for a
turnover between 2,501 and 15,000 GOs the annual fee is €250, between 15,001 and 500,0000
it is €500 and for those with a turnover above 500,000 GOs, the annual fee amounts to €750. In
addition to annual fees, other fees are charged in connection with the issuance, recognition,
transfer and cancellation of GOs are: €0.01 for the issuance of a GO, €0.01 for the internal
transfer of a GO, €0.01 for the transfer of a GO to, or from a foreign account as well as €0.02
for the cancellation of a GO. Finally, the registration of an installation costs €50 and the
appointment of an installation to a new operator or to a new account of the same account holder
costs €10 (AIB, 2018f).

Like Statnett, UBA is also a member of the AIB and is thus in charge of the design of the

Domain Protocol (Umweltbundesamt, 2018).
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4. Literature review

The topic of GOs has so far received relatively little attention in academic literature.
Nevertheless, the few papers addressing this topic have allowed us pinpoint relevant aspects of
this system and its market. This literature review aims to retrace the academic research
conducted about GOs and to group the main ideas by theme with the purpose to understand the
state of the scientific research on GOs as of today and to gain insights into the different angles
of the GO system and its market. In fact, six themes emerged from our research: (1) the role
and the use of GOs in electricity tracking, (2) the design of the Directive 2009/28/EC and the
role of GOs in this Directive, (3) the perspective of Norwegian consumers on the GO system,
(4) the impact of GOs on renewable investments, (5) the role of GOs in the company’s

Greenhouse Gas Protocol accounting method, and (6) the performance of the GO market.

4.1. The role and the use of GOs in electricity tracking

This topic was raised in 2007 in a study conducted at the European level. Lise et al. (2007)
called for the introduction of a common tracking system for power generation attributes.? It was
surprising that the Renewable Directive 2001/77/EC at the origin of the GO system did not
specify the detailed design of the GO system, nor the role of GOs in the electricity disclosure.
As a result, the EU Member States developed various initiatives regarding GOs and their
disclosure which actually hindered the development of a common tracking system (Lise et al.,
2007).

Lise et al. (2007) also emphasised that the tracking system should be able to cope with the
different types of support schemes prevailing at a national level, and with the development of
the market structures, generation technologies and physical networks. Therefore, they upheld
the need to replace the implicit tracking system that was in place based on various statistics
used by the electricity retailers, by an explicit tracking system. They described two possible
options. The first one was a contract-tied tracking where the electricity attributes are tied to the
electricity contracts and included the GOs to be transferred alongside the electricity contracts.
The second one was a de-linked tracking system which suggested that GOs should be
transferred independently to the electricity sales, implying an unbundled accounting system for

the transfer of generation attributes. The major disadvantage with the contract-tied tracking

2 The generation attributes are the disclosed indicators, namely: the energy sources, the related CO2 emissions
and radioactive waste (Brockl et al., 2011).
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system comes from the fact that not all the electricity is traded through bilateral contracts. In
fact, a growing amount is traded on the spot market and via power exchanges where there is no
direct link between the seller and the buyer. The volumes are anonymously traded implying that
the original generation mix of the electricity traded also cannot be traced. The de-linked
tracking system, on the other hand, seemed to solve this problem as it foresaw that the GOs
would be transferred independently of the physical contracts. Consequently, they promoted the
de-linked tracking as an accurate and transparent method. They also raised awareness on the
importance of defining clear geographical borders, the prevention of undesired double counting

and the use of a register for the issuance and cancellation of GOs.

Their paper has outlined the need to define the role of GOs in electricity tracking more clearly
and since then, different projects have been launched by the European Commission to provide
a common European tracking system and to support MS in the implementation of the Directive
2001 and 2003 on the Internal Energy Market and Renewable Energy. The latest version of a
common electricity tracking system has been developed in the REDISS Il project and was
funded by the Intelligent Energy Europe Programme (European Commission, n.d.a). As

recommended by Lise et al., the method is based on a de-linked tracking system.

4.2. The design of the Directive 2009/28/EC and the role
of GOs in the Directive

This second theme concerns the extensive discussions that arose during the development of the
Directive 2009/28/EC. In fact, the Directive 2009/28/EC and the GO system presented in the
chapter three is the result of extensive debates and discussions that took place over two years.
The debates were mainly focused on the establishment of flexibility mechanisms allowing MS
with a renewable deployment deficit to purchase the renewable deployment surplus of other
MS. The target market share of 20% electricity from RES by 2020 was approved by the
European Council in 2007. This 20% share was intended to be achieved by imposing individual
targets to the MS based on their GDP. Since it did not reflect the RES potential of the Member
States, the idea was to allow them to partly fulfil their target in other Member States
(Klessmann, 2009).

The Commission’s first draft proposed the trade of GOs between private market actors where
the GOs would be used to prove the compliance with the national RES target. In order do so,
the Commission suggested that MS extend their national support schemes for foreign renewable

electricity generation. In that respect, a renewable generator would be able to decide from which
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MS’s support scheme to benefit, this choice implying the accounting of the GOs from his
production for the individual RES target of the MS offering the support scheme (Klessmann,
2009). Arguments in favor of this proposition were the following: (i) higher flexibility for
private parties to invest in low-cost RES project abroad, (ii) exploitation of the cheapest RES
potentials in Europe, (iii) stimulation of RES market dynamics and (iv) the achievement of
Europe’s 20% RES target at lowest cost. On the other hand, the following drawbacks were
identified: (i) the reduction of the cost-effectiveness of the feed-in tariffs and premium supports
(both support schemes are kinds of subsidies whose levels depend on the production
technology) due to a resulting common European GO price, (ii) windfall profits for low-cost
RES generators and (iii) high transaction costs hindering all but large actors to benefit from the
GO trade (Klessmann,2009).

Taking this into account, the Commission’s proposal in January 2008 suggested to allow the
exchange of GOs between governments (in addition to the exchange between private actors)
but with certain conditions for both types of exchanges. The government trading of GOs would
be optional whereas the GO trade between private parties would use a common European
standard. Nevertheless, a system of “prior authorisation” would allow MS to restrict the GO
trade or even completely step aside from it if they wished to do so. The latter option was heavily
criticised, as it was viewed as violating the principle of free movement of goods and hence
illegal (Klessmann, 2009).

In May 2008, the Parliament recommended some modifications: the GOs would have no role
to play in measuring MS’s compliance with the RES target set by the EU, which would be based
on energy statistics instead. These energy statistics could be possibly bought or sold for target
compliance and as requirement for the transfer of renewable statistics, the selling MS would
have to over comply with its interim target of the past two years. Tradable Transfer Accounting
Certificates (TACs) would replace the GOs for complying with the stated EU target leaving the
GOs only as the disclosure of generation as originally intended in the Directive 2001/77/EC. In
addition, the Parliament recommended to give MS the opportunity to agree on joint projects
where a MS could invest in RES projects in another MS and use the associated renewable
statistics for its target compliance. Finally, MS would also be able to choose to adopt jointly
targets to comply with the common EU target and could use a common support scheme or open
their support scheme for the renewable production of the other MS that they would have an

agreement with. Simply put, the Parliament’s proposal supported the preservation of MS’
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control on their support schemes and emphasised the need for compliance with the interim

target as a prerequisite for using flexibility mechanisms (Klessmann, 2009).

One month later, Germany, Poland and the UK made a joint proposal. Essentially, their joint
proposal was identical to the Parliament’s proposal except it differed on two aspects: they
asked (i) to drop the use of TACs as a proof for target compliance and (ii) the withdrawal of the
achievement of the interim target as a prerequisite for taking part in the flexibility mechanism,
justifying that this would allow MS to enter into agreements directly and eliminate the risk that
a MS would not be able to achieve its interim target while waiting to enter into an agreement
(Klessmann, 2009).

The final decision, resulting in the Directive 2009/28/EC presented in the previous chapter was
taken by the European Parliament and the European Council in December 2008. It was decided
to abandon the use of GOs for compliance with the EU target and only use statistical transfers
for that purpose. In addition, the Directive 2009/28/EC allows the use of joint projects between
MS, joint projects with third countries and joint support schemes without any preconditions
(Klessmann, 2009).

Klessmann (2009) assessed the different flexibility mechanisms that came up during the
negotiations under various criteria. No optimal mechanism stood out from her study. Regarding
the GO proposals, the unrestricted GO trade only between private parties initially proposed,
appeared to perform very well on providing flexibility, involving private parties and fostering
a harmonised RES support in Europe. However, the opposite was also true regarding the
freedom left to the MS to optimise their support schemes and exploiting their national RES
potential. This option was also likely to overcompensate low-cost RES generation technologies
and to not represent the local costs and benefits of the RES technologies. Klessmann also
considered the negative criteria as too important and the rejection of this option as reasonable.
The restricted GO trade (between private parties and governments under certain conditions)
yielded similar results but less pronounced. Here, she found that the performance is contingent
to the restrictions in effect which generates according to her legal uncertainties playing out

against this option.

Finally, regarding the options that were approved in the final Directive, namely joint projects,
joint support scheme and statistical transfer, Klessmann’s results reveal that overall their
performance on the creation of flexibility and the exploitation of low-cost RES potentials is

lower than with GO trading and largely depends on their implementation by the different MS.
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Their strong advantage is however that they preserve the use of national support schemes
(Klessmann, 2009).

Nilsson et al. (2009) similarly describe the policy discussions and processes that led to the
proposal of the GOs as a flexibility mechanism and its abandonment in the final Directive but
it differs as they studied the interest groups’ standpoints in greater detail and considered the
way competing policy frames lead to the discussions that took place. In a nutshell, they found
that the decision not to include GO trading for target compliance had been driven by three
factors on a short-term basis: (i) stronger incentives of the opponents regarding the proposal,
(i) stronger alliances on the opponents’ side and (iii) more apparent and univocal positions and
messages opposing the proposal. In the long-term, two other factors also contributed to the
rejection of the GO trading: (i) the considerable experience gained with the feed-in tariffs, there
were concerns that over time the GOs would have undermined their efficiency and (ii) the
security of supply and innovations that were slowly taking precedence on the internal market

agenda.

Finally, a similar assessment method was used by Ragwitz et al. (2008). The latter studied the
advantages and drawbacks of GO trading at a company level and at a government level. Their
study was made in the context of the draft proposal of the Commission and hence prior the
extensive discussions that followed the draft publication and rejection of the GOs proposal.
They concluded that GO trading at a government level compared to at a company level was
more adaptable to the national support schemes, more efficient with respect to the promotion
of RES-E generation, would avoid windfall profits, induce lower transactions costs and be more
politically feasible. Hence, they recommended to use government and not use company-based

trading of GOs as a flexibility mechanism.

Although, the GOs have ultimately no role to play in the RES target accounting, the papers
mentioned in this literature review help to understand the genesis of the GO system and the
ideas behind its design. Interestingly, the new Directive on GOs, officially published in
December 2018, has not had similar attention and no academic paper on it has been published

yet.

4.3. The perspective of Norwegian consumers on the GO
system

The third theme addressed in the academic literature is the view of the Norwegian end-

consumers towards the use of GOs for disclosure purposes. Aasen et al. (2010) focussed on the
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Norwegian businesses’ perspective of the EU disclosure system. More precisely they studied
views on the effectiveness of the disclosure scheme with regard to enabling informed choices
of consumers about electricity retailers, based on the generation attributes of the electricity they
offer, and secondly on how stimulating the purchase of green electricity supported a secure and
sustainable electricity system. Those two aspects are the two last objectives of the disclosure

system defined by the European Commission (2004) (as cited in Aasen et al., 2010).

They conducted semi-structured interviews to analyse three main aspects impacting the
effectiveness of the disclosure, namely general or consumer-specific information, placement
and layout of the disclosure information and trust in the information. The interviews revealed
that most of the small and medium size firms were interested in the disclosure information but
the latter was not motivating them to purchase GOs. And no large company were interested,
they did not trust the environmental impact and the purchase of GOs was not generally part of
their environmental strategy (Aasen et al, 2010). Secondly, the authors claimed that the
placement and layout of the disclosure information was a failure in Norway. The electricity
disclosure information was available on the electricity bills via a link and the respondents did
not use it to look up this information on the Internet and many did not even see the link. Aasen
et al. (2010) suggest to use a comprehensive chart with the disclosure information on the front
of the bill.

Finally, a general lack of trust was seen as strongly undermining the effectiveness of the
disclosure. One of the reasons was that the proportion of electricity corresponding to the
Norwegian GOs exported was disclosed as from “unknown origin”. Since this information was
not specific to any customers, it looked incorrect and casted doubts (Aasen and al., 2010). Aasen
et al. (2010) urge that this problem should be rapidly solved. Besides this information
presentation, companies expressed their distrust in this disclosure system in general. Since 99%
of the electricity generation was renewable at that time, they did not see any utility in promoting
a green product in Norway and pointed out that energy savings should be supported instead.
What is more, they considered that as long as the revenues from the GO sales were not
reinvested in new renewable projects, the GO system only resulted in extra earnings for the
producers (Aasen et al., 2010). This study was clear about the negative view Norwegian
businesses had regarding the GO system. However, as this study dates back to 2010, their

opinion could have changed since then.

What did Norwegian households think about GOs? This question was raised in 2012 by Winther
and Ericson who analysed it with an experiment with a Norwegian power company who offered
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GOs to 5000 of their customers. It appeared that the disclosure information was hardly read by
households. In their opinion all electricity retailers are profit-maximising firms so they assumed
that all information in addition to the price on the bill would be promotional. Winther and
Ericson claim that the relationship and the trust between an electricity retailer and its customers
can be challenging when it comes to using information to change the energy behaviour of the
consumers. Just like businesses, private households stated that the disclosure information was
difficult to understand and was unreliable (Wither and Ericson, 2012). Moreover, private
households also kept thinking about electricity in physical terms and thus could not conceive
that the electricity that they consumed was not renewable without the purchase of GOs, due to

the large share of renewables in the Production Mix.

In this regard, the authors advised the Norwegian authorities to: (i) provide clearer and easier
to understand information about the GO system and its role and (ii) to improve the promotion
of renewable programmes by providing comparative websites and promotional campaigns.
They further warned that the GO system could become a failure because foreign consumers
buying the Norwegian GOs rightfully claim that their consumption is renewable and so do the
Norwegians consumers thinking of their electricity consumption in physical term and claiming
their electricity consumption as being identical to the Norwegian Production Mix and hence not
buying GOs. This obviously does not incentivise the generation of renewable electricity. They
concluded that the Directive may have assumed that consumers would use the disclosure system
as an anchoring point for action and advised paying more attention to the consumers’
motivations. As of today, the Norwegian’s end-consumers’ perspective seems to have remained
the same given the low GO consumption in Norway. However, the disclosure problem related

to the exports of GOs has been corrected and is not disclosed as “unknow” anymore.

4.4. The impact of GOs on renewable investments

As touched upon in the third theme, the impact of GOs on renewable investments queried by
the Norwegian consumers and business, constitutes the fourth theme of this literature review.
Here also with a focus on Norway, the possible interaction between the GOs and the
Elcertificates has been studied (Raadal et al., 2011). This research was done in the context of
the upcoming participation of Norway in the Elcertificates system together with Sweden in
2012. The Elcertificates system is the joint support scheme used by Sweden and Norway still
prevailing today. It consists of Tradable Green Certificates granted to renewable generators
under certain conditions per MWh of renewable production, that can then be traded just like the

GOs. The differences are that this system is mandatory, and that end-consumers are compelled
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to buy a certain amount of Elcertificates to fulfil a quota set by the government (Energy Facts
Norway, n.d.). The focus of this paper was to see if the GOs could generate a sufficiently high
demand for renewables to increase the renewable capacity, which would in turn result in more
production eligible for the Elcertificates and as a result in an excess of Elcertificates on the
market. This excess supply of Elcertificates could then potentially push the governments to
increase the quota obligations, in order to increase the demand which would in the end trigger
new renewable investments again. They concluded that GOs have the potential to increase the
renewable capacity in the long term if their price is sufficiently high. However, the GO price
was too low at that time and hence would have no impact compared to the stand alone

Elcertificates system (Raadal et al., 2011).

A similar study was conducted in the Netherlands, this time focusing on the environmental
effectiveness of the electricity labelling system (Mulder and Zomer, 2016). The study showed
that in 2014 one third of the electricity supplied by an average Dutch electricity retailer was
renewable (34%). As only 10% of the electricity production in the Netherlands was effectively
renewable, the remaining 24% would be ensured by importing GOs. In view with the small
price difference between the grey and green electricity, Mulder and Zomer (2016) came to the
same conclusion as Raadal et al., namely that the GO price was too low to play a role in
increasing the RES capacity. They further concluded that GOs seemed to be mainly a marketing
instrument for retailers. In order to improve the effectiveness of GOs in increasing the
renewable production, they recommend as a reasonable solution to limit the issuance of GOs
uniquely to new renewable installations so as to incentivise new investments and reduce the

need for subsidies.

4.5. The role of GOs in the company’s Greenhouse Gas
Protocol accounting method

From an environmental perspective, the fifth theme focusses on the potential role of GOs in
reducing greenhouse gas emissions, and more specifically on the use of GOs in the Greenhouse
Gas Protocol (GHG Protocol). The GHG Protocol is the most commonly used greenhouse gas
accounting standards worldwide (Greenhouse Gas Protocol, n.d.). Brander et al. (2018) recently
studied the market-based method approved in the GHG Protocol to measure the emissions
related to the corporate electricity purchases, called “Scope 2 emissions” and concluded that
this method fails to measure the electricity consumption-related emissions genuinely and hence
may not lead to effective climate change mitigation efforts. Generally, two methods prevail to

calculate the Scope 2 emissions. The first method is called the “locational” or “grid average”
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method and consists in dividing the total emissions related to the electricity generation in a
specific area by the total volume of electricity distributed in that area during a specific period
(Harmsen and Graus (2013) as cited in Brander et al, 2018). The second method is “market-
based” and allows a company to use an emission factor corresponding to the electricity
produced by a generator with whom the company has an agreement with. For instance,
following this second method, a company having an agreement with a hydropower plant can
claim its electricity consumption as 100% renewable and thus free of emissions. The
instruments used in such contractual agreements can be Renewable Energy Certificates (RECs),
GOs, utility green tariffs or Power Purchase Agreements (PPAs) (Brander and al., 2018). As
stated in the GHG Protocol, companies are requested to use both methods to report their Scope
2 emissions but are free to pick one method to report their supply chain emissions and to
measure their progress towards their emission reduction target (Sotos, 2015). Two issues
regarding the market-based method were brought up (Brander et al., 2018), these were: (i) the
protocol does not lead to additional renewable investments and (ii) it has a negative effect on
the accuracy and relevance of GHG inventories. The first problem comes from that there is a
large volume of renewable generation available for contractual agreements at a very low price.
Combined with a high demand elasticity, the market for contractual emissions factors is very
unlikely to increase the investments in renewable installations because the prices needed to do
so are too high compared to the current price of the contractual emission factors and the demand
for such a price would absent due to its high elasticity (Brander et al., 2018). The probability of
contributing to additionality is further reduced because as of now (2019), the renewable
investments are triggered by national support schemes. The remuneration from the support
schemes has historically been higher than the GO market price and therefore, they expand
beyond the threshold at which the demand for contractual emission factors (and indirectly the
demand for GOs) could have an impact on investment. Their findings are consistent with the
findings of Raadal et al (2011) and Mulder and Zomer (2016) which had shown that the GOs
had at that time no impact on increasing the renewable capacity. Brander et al (2018) illustrate
the second problem (i.e. the negative effect of the market-based method on the accuracy and
relevance of GHG inventories) by mean of the following example: Company A buys contractual
emission factors to cover its total electricity consumption. They report an emission-free
electricity consumption in their supply chain reporting, as well as a resulting decrease in their
overall corporate emissions of 30%. A similar Company B chooses to invest in an energy
efficiency programme which enables a reduction in its electricity consumption and hence in the

related emissions of 10%. According to the GHG accounting method, Company A has
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demonstrated a higher performance although its real physical consumption was unchanged and
no additional renewable electricity was produced, meaning that no reduction in the emissions
released in the atmosphere took place. On the contrary, Company B has reduced its
consumption and therefore also reduced its emissions. This proves that using the GOs in the
GHG Protocol does not necessarily lead to emission reductions. The authors end up with two
recommendations to be adopted in the ISO-standard (a standard for organisational GHG
inventories) which was under revision at the time of writing. First, they advocate the use of the
locational grid average method as the only method to report the electricity consumption-related
emissions. Secondly, they recommend that measures effectively contributing to additionality
be reported distinctly to the corporate GHG inventory and be measured by a consequential
accounting method.

A second study focusses on how the GHG Protocol and the EU framework of GOs influence
the choices of electricity and district heating as well as of combined heat and power production
(CHP) (Nordenstam et al., 2018). The CHP technology is the simultaneous production of
electricity and useful heat from the same energy source (ENERGY.GOV, n.d.). The use of the
excess heat released contributes to CO2 emissions reduction compared to electricity production
only (Nordenstam et al., 2018). However, it was found that the GO system, as well as the GHG
Protocol reporting method, can in fact lead to higher CO2 emissions when the CHP-based
District heating is influenced by inter alia preventing the CHP production and hence failing to
exploit its emissions-reduction potential (Nordenstam et al., 2018). In fact, they found that the
GHG Protocol method does not take into account the emissions reduction derived from the use
of the heat from the CHP electricity production. As a result, depending on the District Heating
system, the GHG Protocol method can in some cases incite District Heating producers to forgo
CHP electricity production because doing so allows them to achieve lower emissions factors
and hence incites businesses to use contractual emissions factors from District Heating in their
corporate GHG inventory. Moreover, here again this study confirms the previous findings about
the failure of GOs to contribute to additionality. They claim that the inability of GOs to generate
investments in new RES facilities as well as inability to recognise the emissions reduction
potential derived from CHP production together constitute a second deterrent to the CHP
production.

4.6. The performance of the GO market

Finally, the last theme is the performance of the GO market. This was recently analysed by

Hulshof and al. (2019). The paper assessed the performance of the European GO markets by

24



evaluating (i) the share of certified renewable electricity, (ii) the churn rate, (iii) the price
volatility and (iv) the share of expired certificates. The analysis was conducted in 20 European
countries and revealed an increasing use of GOs and most countries indicating the increasing
importance of the GO market. However, the performance of the GO market was found to be
still very weak due to a poor liquidity and a high price volatility. In addition, the significant
share of expired certificates throughout the years suggested a continuous oversupply in GOs.
Finally, they pointed out the positive influence of common international standards and the

adoption of public certifiers on the market volumes (Hulshof et al., 2019).

To sum up, reviewing the academic literature has led us to the identification of six general
themes: (1) the role and the use of GOs in electricity tracking, (2) the design of the Directive
2009/28/EC, (3) the perspective of Norwegian consumers on the GO system, (4) the impact of
GOs on renewable investments, (5) the role of GOs in the company’s Greenhouse Gas Protocol
accounting method, and (6) the performance of the GO market. The first theme revealed that
the method to use for electricity disclosure used to be unclear. The GOs had been introduced in
2001 as an electricity tracking tool but no official method on the use of GOs for electricity
disclosure had been developed by the European Commission at that time (Lise and al, 2007).
The second theme retraced the different propositions that were made regarding the design of
the Directive. In spite of fierce discussions about the use of GOs for renewable target
accounting, it was decided in the Directive 2009/28/EC that the GO system should only be a
tool for documenting the renewable electricity consumption as foreseen at its conception
(Klessmann, 2009). Regarding the third theme, it was shown that Norwegian businesses and
private households did not trust the GO system and did not make use of it (Aasen et al, 2010;
Winther and Ericson, 2012). This was not the case of the other European countries as it was
shown that the Dutch consumers were largely buying GOs which enabled them to reach a
renewable consumption of 34% in 2012 despite a renewable generation of 10% (Mulder and
Zomer, 2016). The failure of GOs to contributes to additionality was raised in the fourth and
fifth theme. It was found that GOs could have an impact on renewable investments if they
trigger a level of demand at a sufficiently high price (Raadal et al, 2011; Mulder and Zomer,
2016). Moreover, although, it was shown that the use of GOs suggested by the market-based
method of the GHG Protocol was not leading to additionality (Brander et al, 2018), it was
indirectly pinpointed that the willingness to comply with the GHG Protocol was leading a lot
of companies to buy GOs to calculate their GHG inventories. A growing demand for GOs was

also highlighted by Hulshof et al (2019) in their analysis of the performance of the GO market.
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All these findings outline that the demand for GOs is not homogenous across businesses and
private households and neither across countries. Finally, regarding the performance of the GO

market, Hulshof et al. (2019) also identified a poor liquidity, high price volatility and historical
oversupply of GOs.
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5. Impact of GOs on consumption statistics through
electricity tracking and disclosure

Electricity disclosure has been introduced in the Internal Energy Market Directive and compels
electricity retailers to disclose the share of each energy source in its fuel mix. Electricity
retailers must disclose the previous year’s fuel mix in the electricity bills or in a similar
document made available to the customers (Council Directive 2003/54/EC, Art 3(9)). The
purpose, in the light of liberalizing the electricity market, is to offer customers the information
about their purchase and the choice to buy specific electricity sources, such as renewable
electricity for instance (AIB, 2015).

GOs is the most used system for renewable energy tracking. However, it carries a risk of double
counting. Double counting or double disclosure happens when the same electricity attributes
are allocated to two different end-users. Therefore, the Directive 2009/28/EC prescribes GOs
to be issued only once for each unit of energy produced (Article15(2)). For the same reason, as
a GO can be freely transferred between different holders, the physical energy originally linked
to the GO that has been sold cannot reported as renewable energy (Council Directive
2009/28/EC, (52)).

An important concept that comes into play in terms of electricity disclosure is the Residual Mix
(RM). The AIB defines a country’s RM as «the shares of electricity generation attributes
available for disclosure, after the use of explicit tracking systems, such as GO, has been
accounted for» (AIB, 2018c, p.1). The generation attributes mentioned in this definition are the
disclosed indicators, namely: the energy source, the related CO emissions and radioactive
waste (Brockl et al., 2011). In the same way, the RM represents the typical consumption mix

of a consumer buying unspecified electricity (Brockl et al., 2011).

The notion of double counting and the significance of the RM is illustrated in the schema below.
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Figure 2. The idea of the Residual Mix (Aalto et al., n.d., p.8).

The consumption share of a country that is covered by GOs or other reliable tracking systems
is the consumption explicitly tracked and the remaining consumption is the untracked
consumption. It is clear from the above figure that if the untracked consumption is disclosed
uniquely based on the Production Mix, the renewables attributes being explicitly tracked will
be disclosed twice. Therefore, it is essential to disclose the untracked consumption based on the
RM corresponding to the Production Mix corrected with the explicitly tracked attributes (Aalto,
Klimscheffskij & Lehtovaara, n.d.).

However, given the international character of the electricity market, using independent national
RM is insufficient. Indeed, in order to be accurate, the RM calculation must be based on the
national and international statistics for electricity generation and should take into account
imports and exports of physical electricity, imports and exports of GOs and other certificates

for tracking electricity as well as bilateral contracts (Brockl et al., 2011).

5.1. Residual Mix calculation methodology of the REDISS
Il project

The European Commission supported several projects (E-TRACK I, E-TRACK II, REDISS |
and REDISS-11) to develop a reliable RM calculation methodology. The most recent version
was developed during the REDISS-I11 project. Although the use of this method is not binding,
the European Commission advocates the use of this method by the MS and the AIB publishes
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the RM of its members every year using this method. The REDISS Il Residual Mix calculation
method is described in detail here below.

An important concept that comes into play in this calculation methodology is the European
Attribute Mix (EAM). The EAM was created to respond to the need « to balance out deficits
and surpluses of disclosure information compared to the electricity consumption in each
country » (Timpe et al., 2012, p. 3). In this respect, countries exporting more GOs than physical
electricity can use the data from the EAM instead of having to disclose the share of electricity
as « unknown » (Timpe et al., 2012, p.3). As a reminder, the concept of “unknown” origin
comes from the Directive 2009/28/EC that stipulates that if GOs are transferred between
countries independently of the physical power, the exporting country cannot disclose the
physical electricity associated to the exported GOs, as renewable energy. This prevails in order
to avoid double counting. Therefore, since the renewable electricity volume is disclosed in the
GO’s importing country, the exporting country has to disclose the corresponding physical
energy as either «unknown» or according to the attributes of the EAM. Disclosing part of the
electricity mix as unknown like it used to be in Norway strongly hinders the comprehension of
consumers as pointed out in the literature review. Therefore, the REDISS-II methodology
recommends the use of the EAM, especially given that a perfect balance between
exported/imported GOs and exported/imported physical electricity is hardly ever reached by a
country, meaning that all of them will have to rebalance their disclosure information with other
countries via the EAM (Timpe et al., 2012).

More precisely, the methodology of Residual Mix calculations described by the REDISS 1l
(second phase of the REDISS) project consists in 4 steps:

Step 1: Data collection

Step 2: Determination of the Domestic RM and the Attribute Surplus/Deficit
Step 3: Determination of the EAM

Step 4: Determination of the Final RM

(Timpe et al., 2012).

We recall once again that the term “attribute” refers to the characteristics of the energy source,
the related CO; emissions and the radioactive waste. As mandated by the directive, the two

latter components have to be calculated all along the RM calculation as well. However, as this

29



Master’s Thesis is only interested in the GOs and the way they affect the energy sources

disclosure, the calculation of the environmental indicators will not be described.
The four steps are described here below.
Step 1: Data collection

In this first step, all relevant annual data for the calculation of the Domestic RM of a year X are

gathered. These are:

e Country’s net electricity production during year X

e Country’s net electricity consumption during year X

e Net electricity exports and imports to and from external countries:
The external countries are all countries outside EU28 except Iceland, Norway and
Switzerland. Each volume imported from an external country should be disclosed in
accordance with the generation mix of the specific country (or if possible, its Residual
Mix). In case of a next export, the latter volume is subtracted in the shares of the
Production Mix for the different energy sources.
Note: Only net electricity exports and imports to and from the countries cited above
should be taken into account.

e Country’s imports, exports and cancellations of GOs and other reliable tracking
certificates for the period 1.4.year X - 31.3.year X+1 per energy source.

e Country’s attributes explicitly tracked by non-certificate based tracking systems, such
as by feed-in-tariffs or contract-based tracking for instance. These attributes should be
counted as cancellations (i.e. they are consumed in the country itself).

Note that the last two bullets points constitute together the imported, exported and cancelled
attributes that will be used in the following calculations. (Aalto et al., n.d.)

Step 2: Determination of the Domain Residual Mix and Attribute Surplus/Deficit

This second step consists in calculating the yearly available generation attributes of the country,

in other words the Domestic RM. The computation is done as follow:

Domestic Residual Mix = Generation Attributes (corrected with physical net imports from external
countries) + Imported Attributes — Exported Attributes — Cancelled Attributes — physical net exports

to external countries (according to shares of the preliminary Domestic RM)

(Aaltoetal., n.d.)
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An illustration of the Domestic RM calculation can be found in figure 3. The volumes (in TWh)
of the different attributes per energy source are summed up and subtracted according to the
formula above. It should be noted that the GOs are only a fraction of the total imported, exported
and cancelled attributes since part of these attributes are tracked by other tracking systems

(certificate-based and/or non-certificate based, cfr. Step 1).

Calculation of the Domestic RM in case of electricity
import/export with external countries
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Figure 3. Calculation of the Domestic RM in case of electricity import/export with external countries® in TWh (Aalto et al.,
n.d., p. 24).

Once the Domestic RM has been calculated, the following step consists in calculating the
attribute surplus or deficit. In order to do so, the volume of untracked consumption in the
country has to be figured out. The untracked consumption is simply the volume of electricity
consumption that has not been explicitly tracked by tracking systems (such as by GOs for
instance). In other words, it corresponds to the country’s electricity consumption (volume of
non-differentiable electricity that has been delivered to households) after cancelled attributes
have been subtracted (Aalto et al., n.d.).

Electricity Consumption — Cancelled Attributes = Untracked Consumption

This calculation is illustrated in figure 4.

3 Note that external imports and exports are infrequent and will for most countries not appear in the calculation
(Aalto etal., n.d.).
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Figure 4. Untracked consumption calculation in TWh (Aalto & al., n.d., p. 25).

Finally, if the difference between the Domestic RM in year X and the untracked consumption

in year X is positive, the country is said to have a surplus in attributes. Otherwise, it is said to

have an attribute deficit (Aalto et al., n.d.). This is illustrated in figure 5.

Step 3: Determination of the European Attribute Mix (EAM)

60
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Figure 5. Attribute deficit/surplus calculation in TWh (Aalto et al, n.d., p. 26).

The EAM can be seen as a common attribute pool where all countries rebalance themselves.

The EAM is used to replenish the Domestic RM of the countries having a deficit in attributes
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and is replenished by the Domestic RM of the countries having a surplus in attributes (cfr.
Figure 6) (Timpe et al., 2012).

Domain A Domain B Domain C Domain D Domain E Domain F
(Attribute (Attribute (Attribute (Attribute (Attribute (Attribute
Surplus) Surplus) Deficit) Surplus) Deficit) Deficit)

European Attribute Mix

Figure 6. Rebalancing with the European Attribute Mix (RE-DISS, 2012, slide 16).4
Hence, a country facing a surplus in attributes will transfer this excess to the EAM in accordance
with the shares of energy sources in its Domestic RM.

Contribution to the EAMEnergy sourceY,Country N = Surpluscountry N*% in the Domestic RMEnergy source Y,CountryN

The final EAM is obtained by performing the above calculation for each country and each

energy source (Aalto et al., n.d.).

The countries facing an attributes deficit can then use the EAM mix to make up the difference.
They do so by adding to their Domestic RM the volume of attributes corresponding to their

deficit according to the shares of the energy sources in the EAM.
Intake from the EAMEnergy source Y,Country M= Deficit(]ountry M*% ln the EAMEneTgy source Y

The above calculation must of course be performed for each energy source (Aalto et al., n.d.).
Step 4: Determination of the Final Residual Mix

Last, but not least, the Final RM of the country has to be calculated. This Final RM represents
the electricity consumption of a consumer that did not specifically ask for renewable electricity

(i.e which consumption has not been covered by GOs).

A country that was initially in surplus will transfer the volume associated with the available
attributes in surplus to the EAM and will retain the same Final RM as the domestic one in share

of different attributes (Timpe et al., 2012).

* The word “domain” used in the schema refers to a “country”
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A country initially in deficit will, on the other hand, see its preliminary RM merge with the
inflow from the EAM to form the Final RM. Indeed, the deficit volume is taken from the EAM
and disclosed according to the different attributes in the EAM (Timpe et al., 2012).

5.2. Total Supplier Mix calculation

The Total Supplier Mix (“supplier” referring in this case to the electricity retailer) is nothing
else than « the total volume of attributes disclosed in a country, both tracked and those disclosed
through the residual mix» (Aalto et al., n.d., p34.). It corresponds thus to the country’s

electricity consumption (Aalto et al., n.d.).

Total supplier Mix = Final Residual Mix + Cancelled Attributes = Total Disclosed Consumption

5.3. Summary of the different calculations

A summary outline of the different calculations can be found in the Figure 7. For the years 2009
to 2014, the RE-DISS Il project was in charge of calculating the EAM and the national RM.
The AIB has since then taken over the responsibility and has delegated the calculation task to
Grexel Ltd which won their call for tenders (AIB, 2015). Although the AIB calculates and
publishes the disclosure information of its members according to the RE-DISS methodology,
the methodology is not binding, and MS are still free to calculate their disclosure information
as they like which creates confusion and leads to double counting. Therefore, in order to be
consistent, only the disclosure information and GOs statistics published by the AIB will be used
in the rest of this Master’s Thesis.
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Figure 7. Residual Mix calculation summary (Aalto & al., n.d., p.36).

5.4. Application in practice
The data that will be presented for the case of Norway and Germany in this section refer to the
year of 2017. This is simply due to the fact that at the time of writing this Master’s Thesis, 2017

disclosure figures were the latest ones published.

5.4.1. The case of Norway

In 2017, 148.63 TWh of electricity were produced in Norway. Renewable electricity constituted
145.54 TWh, of which 142.12 TWh came from hydropower (and marine power), 2.72 TWh
from wind power and 0.7 TWh from unspecified renewable sources. Hence, the renewable
production in Norway added up to 98% of total production. The remaining 2% came from fossil
energy, more precisely, 3.08 TWh was produced from gas and 0.015 TWh from unspecified
fossil sources (AIB, 2018c¢) (cfr. Figure 8).
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Figure 8. Electricity production in Norway 2017 (based on figures from AIB, 2018c).

According to the AIB statistics, the number of GOs issued for the production year of 2017 was
139,635,419 which corresponds to 139.64 TWh (AIB, 2019b). It was already mentioned that in
Norway, GOs can be requested for any electricity sources but in practice GOs are only issued
for renewables. Considering thus only the renewable electricity, this sheds light on the fact that
the full GO potential was not exploited as the total renewable production eligible for GOs was
145.54 TWh. This seems to indicate that some producers are not interested in getting GOs for
their production as is their right since the GO system is voluntary. Although GOs are an
additional source of income for producers, some assumptions can be made as regards to their
choice not to take part in the GO system. One assumption could be that the annual fee of
€2,569.75 charged by Statnett for holding an account in the NECS is too high compared to the
revenue they could get with the volume of GOs that they could request. An alternative for them
could be not open an account in the NECS and ask for the GOs to be directly delivered to a
trader account selling the GOs on their behalf. Unfortunately, in that case no information on
pricing in known to us. Another assumption is that they consider the request procedure for
getting GOs too burdensome which is unlikely according to Statnett (I. M. Clausen from
Statnett, personal communication, February 20, 2019) or that the trading of GOs is too
demanding. It might also be the case that some production comes from renewable generators

producing less than one MWh and thus being not eligible for GOs.

The following bar charts in the figure 9 have been constructed with the data published by the
AIB and represent the Production Mix, the Final RM as well as the Total Supplier Mix of

Norway in 2017, computed according to the methodology described in the previous section.
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We remind the reader that the Production Mix corresponds to the generation attributes of
electricity, the Final RM is the consumption of a consumer that has not purchased renewable
power and the Total Supplier Mix represent the total consumption of a country or in other
words, the sum of the disclosed attributes by all electricity retailers. In addition, in this case the
energy sources are represented as a percentage of the different mixes and not in TWh. In fact,

if the volumes were presented, the three mixes would not have the same volume.

Norway 2017
100% —
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40%
30%
20%
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Production Final Residual Mix = Total Supplier Mix
m Total Fossil 2.08% 652.30% 50.46%
mTotal Nuclear 0.00% 29.36% 23.78%
Total Renewable 97.92% 8.34% 25.76%

Total Renewable M Total Nuclear M Total Fossil

Figure 9. Production Mix, Final Residual Mix and Total Supplier Mix of Norway in 2017 (based on figures from AIB, 2018c).

Although, we did not have access to the detailed calculations but only to the final results shown
above, some insights can be provided to understand the trend of the bar charts. First and
foremost, assuming that Norway do not trade physical electricity with external countries®, that
GOs represent the only explicit reliable tracking system used in Norway and considering only
the renewable production, the Domestic RM can be computed as follows:

Domestic RMrenewables = Productionrenewanies + Attributes impOFtEdRenewabIes - Attributes E’XportedReneWables -
Attributes cancelledrenewabies = Productiongrenewavies + GOS importedrenewavles - GOS exportedrenewavles - GOS

cancelledgenewables

We know that the renewable production in 2017 was 145.54 TWh but have no information
regarding the attributes imported, exported and cancelled between the 1.04.2017 and the

5 The external countries are all countries outside EU28 except Iceland, Norway and Switzerland.
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31.03.2018, however we have access to the GOs statistics published by the AIB for the years
2017 and 2018. These statistics are gathered together in the table 1 below. We can make the
assumption that the volume of GOs imported, exported and cancelled between the 1.4.2017 and
the 31.3.2018 are the average of those statistics for the year 2017 and 2018. Although in reality

this is not true, and the real volume lies between the two figures.

Table 1. Volume of renewable GOs Imported, Exported and Cancelled in Norway in 2017 and 2018 (AIB, 2019b).

Volume (TWh) 2017 2018 Average

GOs imported 128.28 159.86 144.07
GOs exported 208.95 230.82 219.89
GOs cancelled 39.28 48.49 43.89

Two things are important to note here:

1) The numbers are the volumes of GOs effectively imported, exported and cancelled in
2017 and 2018 and not the volume of GOs imported, exported and cancelled for the
physical production that occurred in 2017 and 2018. It is, for example, very likely that
a share of the GOs exported in 2017 was issued for the production year of 2016.
Similarly, part of the productions of 2017, has seen its GOs being exported in 2018.

2) It may seem odd that the volume exported in 2017 was higher than the volume of the
production that was eligible for GOs in 2017. This is because most of the GOs imported
are reexported, which is consistent with the low cancellation volume showing that very

few GOs are effectively consumed in Norway.

Using the renewable production and GOs statistics from 2017, the hypothetical Domestic RM
for the renewable attributes in Norway can be assumed to be:

145.54 + 144.07 - 219.89 - 43.89 = 25.84 TWh

Needless to say this number is extremely small. Based on the Domestic RM, the surplus/deficit

in renewable attributes in Norway should be calculated as follows:

Domestic RMgenewables- (Consumption - Cancellations)renewavies = (+) SUrplusrenewabies or (-) Deficitrenewabies

| Untracked consumption |

|
Unfortunately, the exact consumption data could not be accessed, but it was already shown that

the Domestic RM for renewables was very small and so was the volume of cancellations.
Unsurprisingly, Norway faced a deficit in renewable attributes in 2017 and this volume had
thus to be disclosed according to the EAM. The exact attributes deficit for all energy sources
published by the AIB is shown in the following bar chart (figure 10). Note that it represents the
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deficit in attributes already filed in with attributes from the EAM and is this case depicted in
TWh. As mentioned earlier the EAM contains all the attributes in surplus from the other

members countries of the AIB.

Attributes [TWh] from the European Attribute Mix 2017
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W Total Nuclear -31.67
Total Renewable -8.15

Total Renewable  mTotal Nuclear mTotal Fossil

Figure 10. Attributes [TWh] from the European Attribute Mix in 2017 for Norway (based on figures from AIB, 2018c).

Knowing the Domestic RM and the intake in attributes from the EAM, the Final RM illustrated
in the figure 9 can be obtained by simply adding the intake from the EAM for each energy

sources to the Domestic RM.
Final RMyorway = ZEnergy source (Domestic RMEgnergy sourcey + Intake from the EAMgnergy source )

Comparing the Production Mix and the Final RM of Norway from figure 9, we can see that the
large exports of GOs and the little consumption of them (given by the cancellation volume)

have caused a large deficit in attributes that was filled with fossil and nuclear attributes.

Finally, the Total Supplier Mix of Norway was obtained by adding the cancellation volume to
the Final RM. Thanks to the small consumption of GOs (i.e cancellation volume) in Norway,
the total consumption remained slightly greener than the Final RM but remained very far from
the share of renewable attributes of the Production Mix, indicating that most of the green
attributes related to the Norwegian electricity production were consumed abroad.

5.4.2. The case of Germany

In 2017, the generation volume in Germany was almost four times higher than the Norwegian
generation volume and amounted to 595.91 TWh (figure 11). Renewable electricity constituted
205.89 TWh and was mainly produced from wind power and solar power. These two renewable
energy sources amounting respectively to 103.39 TWh and 35.52 TWh. This total renewable
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production made Germany the largest producer of renewables in Europe in 2017. Nevertheless,
fossil electricity still constituted the largest share of its generation mix in 2017 with 317.92
TWh, with the main fossil sources being Lignite and Hard Coal with 137.30 TWh and 84.14
TWh respectively. Finally, nuclear electricity accounted for the smallest production share
(72.17 TWh) (AIB, 2018c) which is in line with the nuclear phase-out policy that was started
in reaction to the Fukushima disaster in 2011 (David & Kanellos, 2018).

Electricty production in Germany 2017

595.91 TWh

0.72%  1.13%

B Renewables Unspecified
13.92% W Solar
Wind
17.35% Hydro & Marine

B Geothermal
14.12%

Biomass
W Nuclear
0.05% B Fossil Unspecified
Lignite
Hard Coal
23.04% Gas

oil

1.55%

Figure 11. Electricity Production in Germany 2017 (based on figures from AIB, 2018c).

According to the AIB, 17,022,380 GOs were issued for the renewable production of 2017 (AIB,
2019Db). Corresponding to 17.02 TWh, it indicates that only 8.27% of the renewable production
was certified by GOs in 2017. Although it might seem odd at the first glance, this is simply due
to the fact that the national legislation prevents GOs to be issued for any renewable production
benefitting from support schemes, which is the case for most of the renewable production in
Germany. In spite of that, German electricity retailers still have to buy GOs to document the
renewable electricity they sell (R. Kok for Innogy, personal communication, May 8, 2019,
Appendix E) and since very few national GOs are available, German retailers source the GOs
outside the borders which is convenient since countries like Norway have a lot of GOs to sell.
The statistics below in table 2 speak for themselves and show that Germany is a large consumer

of GOs thanks to its large imports.
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Table 2. Volume (TWh) of GOs Imported, exported and cancelled in Germany in 2017 and 2018 (AIB, 2019b).

Volume (TWh) 2017 2018 Average

GOs imported 87.31 92.04 89 67
GOs exported 7.77 12.47 10.12
GOs cancelled 91.74 99.91 95.83

When it comes to the Final RM and the Total Supplier Mix, it would be very incorrect to use
only the GOs statistics to approximate the latter because we do not know the volume of
supported renewable production which also accounts for cancelled attributes. Nevertheless,
being mainly a producer of fossil electricity, and having a high consumption of green attributes
thanks to large GOs imports, we expected Germany to have a surplus in fossil and nuclear
attributes. This is indeed what the AIB figures tell us (cfr. figure 12).

Attributes [TWh] to the European Attribute Mix 2017
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80
60
40

20

0

Germany

W Total Fossil 109.32
m Total Nuclear 24.81
Total Renewable 246

Total Renewable M Total Nuclear M Total Fossil

Figure 12. Attributes (TWh) to the European Attribute Mix from Germany in 2017 (based on figures from AIB, 2918c).

The above bar chart above shows the volume of attributes in TWh per energy sources that was
transferred to the EAM for the year 2017. The largest surplus is in fossil attributes. This is not
surprising as the production is quite high (317.92 TWh) and not as much of that production is
consumed, since the Germans are very keen on consuming green electricity and largely use the
GO mechanism to do this. The trend is similar for the nuclear energy, the surplus being lower
due to a lower production of 72.17 TWh. Finally, the surplus of renewable attributes is very
low and accounts for less than 2% of the total attribute surplus. The attribute surplus is thus
transferred to the EAM and deduced from the Domestic RM to shape the Final RM.
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Germany 2017
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Figure 13. Production Mix, Final Residual Mix and Total Supplier Mix of Germany in 2017 (based on figures from AIB,
2018c).

As can be seen from the three bar charts in figure 13, the Final RM is the largest composed of
fossil fuel sources with a very small part of renewable energy. The Final RM is the typical
consumption of a consumer buying unspecified electricity (Brockl et al., 2011), this shows that
most of the renewable attributes in Germany are explicitly tracked and hence do not appear in
the Final RM. However, there are accounted into the Total Supplier Mix which reveals that
more than 50% of the total German electricity consumption was renewable in 2017 compared
to a physical production of 36% of renewable electricity.

The two examples of Norway and Germany reveal the significant impact that GO trading can
have on the final consumption of a country. GO trading in Germany has resulted in German
electricity consumption to be cleaner than its Production Mix, while in Norway where the
production is already considered clean it has not stimulated the choice of renewable electricity
over specifically and has resulted in Norwegian consumption to be less clean than its Production
Mix. It is not surprising that without knowing the calculation methodology, consumers do not
understand why their electricity consumption is not similar to the Production Mix of their
country and hence consider the disclosure information as unreliable. It is therefore unclear if
the large difference in GO consumption in Norway and Germany indicates a difference in
understanding and trust in the GO system or simply a different willingness to pay for renewable

electricity.
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6. Trading actors in the EECS GO market

The present chapter aims to describe the different actors involved in the GOs market as well

the flow of GOs exchanged between them.

6.1. Actors

Wholesale market End-user markets (business & consumer)

Environmentally Consumer
friendly power

Retail power
Power company

producer
Broker

Environmentally
friendly

: roducts
i Businesses P - /
Portfolic company services

Figure 14. Actors in the GO market (Oslo Economics, 2018, p. 16).

As it can be seen from the figure 14 depicting the different actors, a distinction can be made
between the wholesale market, composed of the power producers owning the GOs and the GO
traders, and the end-user market composed of private households and businesses. The players
are interconnected by arrows and the width of the arrows gives a rough idea of the importance
of the trade between them. Based on that, it seems that in the wholesale market, producers’
favored intermediaries are the brokers which then sell the GOs on to electricity retailers and
that both businesses and private households purchase GOs in the end-user market. Private
households appear to be more willing to buy products involving GOs from businesses, than

renewable power backed with GOs from their electricity retailer.

An alternative way to look at the GO trading is to look at the supply side, the demand side and

the different intermediate actors. This way is used below for clarity purposes.

6.1.1. Supply side

The supply side is composed of all producers whose production is eligible for GOs. As
mentioned in the first chapter, the Directive 2009/28/EC that is currently applied, allows GOs
to be issued for any type of electricity, heating or cooling and high efficiency cogeneration. MS
have some freedom regarding the implementation of the Directive and most of them have
defined their own national eligibility criteria. Thus the GO supply side differs between countries
according to the eligibility criteria enforced in the national laws.
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6.1.2. Demand side

The demand side is composed of private households and businesses consuming the GOs. As
mentioned earlier, the private households buy power from electricity retailers and
environmentally friendly products from businesses. Companies have historically been the
largest buyers of GOs to document their electricity consumption (Oslo Economics, 2018).

As the GOs were created to enable informed choices and hence to be the channel for the
consumer’s voice, by buying GOs, consumers and investors express their demand for renewable
products, services and investments. Electricity retailers and companies respond by tailoring
their offers to the customers’ demand and their willingness to pay (Oslo Economics, 2018). In
reality, the different preferences of consumers and their willingness to pay for what they judge
as environmentally friendly has incited the traders to largely use product differentiation (Oslo
Economics, 2018). Oslo Economics’ consultants in their report refer to more than thousand
different GO products existing in theory, mostly differing in the characteristics of the power
plants they were issued for, such as the location, age, technology, those benefitting from
subsidies, etc. For example, ECOHZ, a provider of renewable energy solutions, offers a product
called GO?. This product consists in making a higher payment for the GOs that will be
transferred to the ECOHZ Renewable Energy Foundation, a foundation offers loans to invest
in new renewable generations facilities in Europe (N. T. Iversen & D. P. Zwick from ECOHZ,
personal communication, March 4, 2019, Appendix D). This product built on GOs contributes
to additionality which had appeared to be a major source of concern for the end-consumers in
the literature review. A large number of eco-labels have also been created based on GOs.
Examples are: Bra Miljoval (Swedish label for renewable power plants protecting the
ecosystems), OKpower (label ensuring additionality) or even W+ (label where the proceeds go

to empowering women in developing countries).

In most cases, companies purchase GOs in order to fulfill criteria of reputable environmental
standards or labels which are a powerful marketing tool. Most of the initiatives on transforming
the global energy market and the transition to a low carbon economy are taken on the business
side. Among those initiatives, the most famous is the RE100. RE100 Initiative rallies companies
committed to using 100% of renewable electricity by a certain year, most of the companies
having chosen 2020 as a deadline (ECOHZ, 2017a). This collaborative and global initiative is
monitored by the Climate Group and CDP®. Launched in 2014, 166 companies currently

5 Formerly called the Carbon Disclosure Project, CDP is a non-profit organisation supporting companies, cities,
states and regions to measure and manage their environmental responsibility (CDP, n.d.)
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participate in the initiative. In 2018 when there were only 155 participating companies, they
increased the demand for renewables to more than 188 TWh per year, comparable to the 23rd
world’s largest country electricity consumption (Dinnadge, Alarcon & Reynolds, 2018a).
Coming from all four corners of the world, each company has to warrant its renewable claims
by buying the necessary amount of GOs in Europe, RECS in North America and I-RECS in
Asia, Latin America and Africa (ECOHZ, 2017a). Note that RECS and I-RECS certificates are
similar to EECS GOs but are traded outside Europe. Among the 166 companies currently taking
part in the initiative, four originate from Germany: Alstria, BMW, Commerz-bank and SAP,
and two are from Norway: DNB and Elopak (Dinnadge, Alarcon & Reynolds, 2018b). Pursuing
all the same goal, companies may opt for very diverse strategies. Some companies are disposed
to provide capital and resources to build new generation sites, whereas others prefer to use
Power Purchase Agreements with renewable power plants (ECOHZ, 2017a). In either case their
intention is to purchase the power and the associated GOs, without which no renewable claim
is valid. As an example, last year Facebook signed a 15-year PPA in Norway for a total output
of 294 MW. Facebook is thus bound to purchase 1,000 GWh from wind parks located near
Stavanger every year. The electricity purchased and the related GOs will be used to cover the
consumption of its Nordic data centers (Shumkov, 2018). It is crystal clear that this initiative

contributes to a significant increase in the demand for GOs and similarly increases their value.

Another motivation for companies to make use of GOs, as introduced in the literature review,
is that, besides from being the response to the demand for renewable features and products of
their customers, GOs represent a very convenient tool for carbon footprint calculations and
sustainability reporting (Oslo Economics, 2018). Today, the GHG Protocol is the most
extensively international accounting tool used for greenhouse gas emissions reporting
(ECOHZ, n.d.b). Other well-known standards for carbon reporting, and more broadly speaking
standards for sustainable reporting, are those developed by the CDP, the Global Reporting
Initiative (GRI) organisation and the 1SO 1400 standards. Because, these standardised reporting
method allow the use of GOs for carbon reporting, they are the major source of the business’s
demand for GOs despite being strongly questioned by some people with regard to their real

impact on climate mitigation (as demonstrated in the literature review).

6.1.3. Intermediate players
As illustrated in figure 14, several intermediaries are active in the wholesale market to enable

and ease the trade of GOs between the producers and the end-users. Although the role of an
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electricity retailer speaks for itself, the role of a broker or a portfolio company is less straight

forward and deserves some additional information.

A Broker, the preferred option by power producers (Oslo Economics, 2018) is an independent
player, acting as an intermediary between the GO holder and the retailer or another trader.
Overseeing most of the GO transfers, he is known for its expertise in the GO market. For each
transaction realised, a fixed commission is taken (Companie Financiére Tradition, n.d.). The
advantages of brokers are that they increase the market liquidity and transparency as they
provide prices to buyers and sellers (N. T. Iversen & D. P. Zwick from ECOHZ, personal
communication, March 4, 2019, Appendix D). However, when it comes to the risks, brokers do
not eliminate them, the transaction remains a bilateral trade and the producer has to credit check
the companies to whom he sells to ensure that the risk is controlled (P. K. Olsen from BKK,

personal communication, February 27, 2019, Appendix H).

Turning to a portfolio company is another option for GO holders. A portfolio company takes
charge of the volume of GOs of small and medium power producers. Contracting with both GO
sellers and GO buyers, it is always the counterparty. Its role goes beyond that simple function,
a portfolio company tries to meet its customers’ needs with the wide varieties of GOs it deals
with. It also advises consumers and supports them in implementing and documenting their
renewable energy consumption. Moreover, a portfolio company usually offers GOs bundled
with labels, certifications as well as marketing and promotional material (Oslo Economics,
2018), in other words, they use product differentiation. A portfolio company can also take care
of the entire process related to GOs for the producer. In that case, the portfolio company
receives the GOs of the producer directly in its account and manages the trading of those GOs,
as well as their cancellations (Oslo Economics, 2018). Although, a portfolio company could be
a very convenient option for producers reluctant to be involved in GO trading, the drawback is
that the producers have to let the portfolio company manage their GOs (P. T. @rstavik from
Kinect Energy, personal communication, February 25, 2019, Appendix G) and therefore do not
know who ends up buying their GOs. In addition, portfolio companies are also less transparent
in their dealings than brokers, in that unlike a broker who takes a fixed and known commission
per transaction, the margin taken by a portfolio company is not clearly stated and varies
according to the transactions (N. T. lIversen & D. P. Zwick from ECOHZ, personal

communication, March 4, 2019, Appendix D).

Taking a closer look on the schema above (cfr. figure 14), there is a small arrow between
brokers and portfolio companies. As a matter of fact, GOs are frequently traded several times.
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Hence, a portfolio company can buy GOs through a broker and/or sell GOs through a broker.
In a similar manner, it could be the case that a producer buys GOs from another producer with
the purpose of speculative trading (P. K. Olsen from BKK, personal communication, February
27, 2019, Appendix H). GOs are thus sold and resold several times before being cancelled in
the end-user market. This indicates that each intermediary involved in the journey of a GO from
the producer to the consumer, will retain a certain fraction of the price paid by the final

consumer that will therefore never reach the producer.

In order to avoid the loss of value and the lack of transparency, a producer could opt for a
bilateral trade. This implies a direct trade between the power producer and a retailer or a public
organisation. In the case of a bilateral trade, some companies seal long-term Power Purchas
Agreements (PPAs) with producers for a period of several years, during which they commit to
buy GOs with or without the power associated. Big companies can also enter into a bilateral
trade contract with a power producer selected by a public tender (Oslo Economics, 2018).
Nevertheless, although bilateral trades are ideal for producers, P. K. Olsen from BKK explains
that this type of trade is not easy to establish between small producers and small consumers that
do not know each other, (and it can be very costly and time consuming if a producer had to
travel all over Europe to meet clients and enter into a contracts with them) (personal
communication, February 27, 2019, Appendix H).

Recently, a new type of intermediary has entered the GO market. it is represented by the
company Becour. Created last year, the Norwegian company Becour strives to provide more
transparency and to rule out the need for other intermediaries in the GOs market. In order to do
s0, they offer the producers a clear pricing mechanism: 80% of the final price obtained for the
sale of the GOs is redistributed to the producer and 20% is retained by the company to cover its
costs. This mechanism provides transparency to the producer as well as to the customer that
knows exactly who is getting the money he pays and in which proportion. To date and as far as
they know, they are the only ones providing this type of pricing model (M. Mouilleron for

Becour, personal communication, March 6, 2019, Appendix F).

Finally, some exchange trading used to occur in the GO market but were discontinued because
they were hardly ever used. GO trading is thus today solely happening “Over the counter” (Oslo
Economics, 2018).
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7. Price formation
7.1. The wholesale market price formation

The price of a GO is set by the supply and the demand which can be seen as the number of GOs
issued and cancelled. Due to the plethora of GOs differing in many aspects, the prices can
substantially differ and are not straightforward. However, one type of GO is used as a price
benchmark: the Nordic Hydro GO (Minzer, 2019). The Nordic Hydro accounts for the largest
supply and demand. It is also the cheapest one and is largely consumed abroad. In fact, it
generates a lot of interest among companies and electricity retailers willing to make a renewable
claim at the lowest cost (N. T. Iversen & D. P. Zwick, personal communication, March 4, 2019,
Appendix D). The majority of the other GOs follow the price development of Nordic Hydro,
apart from the Swiss and Dutch GOs (Miinzer, 2019).

In the GO market, the two main trading options used are the spot price contracts and forward
contracts. They differ in the date of transfer and of payment for the GOs but both contracts
settle the price on the date of the agreement (Oslo economics, 2018). P. K. Olsen from BKK
explained that he is mostly working with one-year contracts but could make a contract for a
delivery up to three years ahead (personal communication, February 27, 2019, Appendix H).
This statement was confirmed by P. T. @rstavik from Kinect Energy Group who further
affirmed that no buyers and sellers are ready to sign a contract beyond a three-years horizon
(personal communication, February 25, 2019, Appendix G). Although the wholesale market is
said to be transparent, price-information is not easily accessed by market outsiders (Oslo
economics, 2018). The interviews conducted with market players seem to indicate that most of
them price their products based on the information shared by the brokers which we recall are
considered as the most transparent market players and therefore the most reliable. Another
source of pricing information used by market players are online platforms such as Montel or
Greenfact (Oslo Economics, 2018). To provide some insights, the table 3 below contains the

prices for the regular GO Hydro quoted by the broker STX and published on Montel.

Table 3. STX GO Hydro Price for 2018, 2019 and 2020 (retrieved from Montel.no on March 10, 2019)

Product Bid Ask Close Time

GO Hydro 2018 0.7 0.89 0.88|28.01.2019
GO Hydro 2019 1.35 1.45 1.45|28.01.19
GO Hydro 2020 1.42 1.51 2.2(28.01.19

M. Mouilleron from Becour describes the GO market as a small market where everybody knows

each other and shares recent market developments and pricing information (personal

48



communication, March 6, 2019, Appendix F). Hence, based on the basic GO price information
shared by the brokers, the other traders determine a price for their products covering the costs
linked to the additional services they provide, the eventual compliance with some labels and
ensuring their margin. Due to the high heterogeneity of the GOs products, no fixed prices exist,
and they are free to price their GO-related products as they like, as well as to negotiate with
producers and customers. All in all, they try to differentiate themselves in the products they sell
and compete in price (N. T. Iversen & D. P. Zwick from ECOHZ, personal communication,
March 4, 2019, Appendix D).

When a portfolio company makes a forward contract, it assures the agreed price on the producer
side as well as on the buyer side. In other words, the price is fixed for the buyer and the seller
of the GOs, the purpose of this being to avoid any risks linked to the price volatility. In fact,
GO prices are highly volatile and as a result, every market player is very alert to the price

development to make sure that they make the best deals and minimise the losses.
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Figure 15. Price of large Nordic Hydro GO 2007-2017 and future prices for 2018-2021 (Oslo Economics, 2018, p. 21).”

The figure 15 depicts the price evolution of large Nordic Hydro in the wholesale market
between 2007 and 2017. This graph shows that the GO price has been historically low and has
been variating between 0.1 € MWh and 0.25€ /MWh on average due to a large oversupply
(Munzer, 2019). Yet, two peaks in GOs prices were recorded in history even though the
increases did not last long. The first increase took place after the nuclear Fukushima disaster in
2011. The event raised the interest in green power, especially from Germany which also started
a nuclear phase-out policy (Munzer, 2019). The second peak in 2015 was caused by a

miscommunication of the power sector regulator in the UK which announced a regulatory

7 Note that in this graph, numbers are set out with comma for decimals (e.g. 0,6 stands for 60 euro cents).
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change that would allow British companies and consumers to buy foreign GOs and caused the

demand for EECS GOs to increase consequently (Oslo Economics, 2018).

However, what this graph does not show and what was unexpected, is the huge peak in the
Nordic Hydro price in September 2018, when the Nordic Hydro reached the record price of
1.96€/MWh for the first time, which was particularly exiting for the market players (P. T.
@rstavik from Kinect Energy, personal communication, February 25, 2019, Appendix G). In
fact, in January 2019, Greenfact reported that 2018 had been « a historic year for green energy
in Europe », they further declared: « the prices in the wholesale market for GOs reached
unprecedented highs » (Minzer, 2019 p.1, paral). The surge in the Nordic Hydro price took
place between the end of 2017 and September 2018. In this period, its price rose from 0.48
€/MWh to 1.96 €/ MWh. This 300% increase was caused by three main factors: an increase in
demand from electricity retailers committing to offer 100% of renewable energy, an increase in
demand from companies eager to become greener, and a decrease in hydro production in
Norway caused by a dry and hot summer. The trend reversed in autumn when significant
rainfalls caused the Nordic Hydro GO price to fall around 1€/MWh. At the end of 2018, the
price had slightly recovered to hit 1.24 € MWh (Miinzer, 2019).

Besides the surge in the Nordic hydro price and in all the other GOs that follow its price
development, the Swiss Hydro and the Dutch Wind also encountered price increases. Contrary
to most of the other GOs, these GOs are mainly consumed in their respective countries and
therefore follow their own market dynamics (Miinzer, 2019). The rise in the Swiss Hydro price
was driven by the enforcement of “full disclosure” in the beginning of 2018. The use of GOs to
disclose any energy source became mandatory so many electricity retailers hurried to buy Swiss
Hydro GOs to make their mix looks better. This behavior caused the price to rise from 1
CHP/MWh early in 2017 to 5 CHP/MWh at the end of 2017 to finally level off at 3 to 4
CHF/MWh in 2018 (Minzer, 2019). With respect to the Dutch Wind GO, the latter was priced
above 8 €/ MWh in February 2019. Corresponding to an increase of more than 80% compared
to the 2017 price level, the three major underlying causes were: a relatively slow growth in
supply, climate change sensitive customers and the use of an effective Corporate Social
Responsibility instruments (CO2-ladder) (Miinzer, 2019).

The GO price being obviously very volatile, it was attempted to see if there were any correlation
between the wholesale Nordic Hydro GO price and the wholesale power price. In order to
provide some insights, the development of the power price in the wholesale market in Norway
between 2007 and 2017 was analysed. The following line chart (figure 16) shows the wholesale
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price evolution in Norwegian kroner per MWh. Although, it is not depicted in €/ MWh as in
figure 15 on GOs, the upward- and downward-sloping trends of both price developments can
be compared. It appears that the wholesale Nordic Hydro GO price does not follow the
wholesale power price, the volatility of GOs prices does thus not add up to the volatility of

power faced by the power producers.
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Figure 16. Wholesale electricity price in Norway 2007-2017. (Reproduced based on the data from Statistics Norway,
https://www.ssb.no)

7.2. The end-user markets price formation

It is not an easy task for a market outsider to get access to the GOs’ wholesale pricing
information and an end-consumer is even more unlikely to be aware of the price of the different
GOs that he buys or could possibly buy. The reason lies in that most of the end-consumers
receive GOs included in an electricity tariff or in a package containing other attributes as well,
resulting in a non-explicit pricing of GOs. This is the case for most eco-labels. The latter differ
in what they offer and projects they support and makes it almost impossible for consumers to
know the real price of the GOs involved. Similarly, different levels of transparency also prevail
in the case of companies or electricity retailers buying GOs to cover their activities. Some of
them tend not to publish the GO price linked to their renewable claim and to not charge an
explicit premium for their renewable claim (Oslo economics, 2018). Oslo economic (2018)
cites as an example, an explicit pricing case where 70% of the GO price charged to the customer
went to the electricity retailer to cover its marketing and procurement expenses as well as its

margin.
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8. Volume traded
Every quarter, the AIB publishes the annual statistics for the EECS GO transactions.2 Two

methods are used to display the data®:

a. by production date: the number of GOs issued, cancelled and expired are recorded according
to the date of the production of the electricity.

b. by transaction date: the number of GOs issued, cancelled, expired, exported and imported
are recorded according to the date of the transaction, i.e. without considering the timing of
production of the related electricity (AIB, n.d.c). For instance, a GO could be issued in 2019
for a production that took place end of 2018, if the generator only requests the GO for that
production in 2019. In that case, this GOs would be counted in the issuance volume of the year

2019 by transaction year but in the issuance volume of 2018 by production year.

The figures 17 and 18 below are the annual GO statistics for the whole market displayed by
production date and by transaction date and published by the AIB (AIB, n.d.d.). The “tranfers”
in the figure 18 refer to GOs transferred within a country and the “imports” refer to the GOs
imported or more simply the GOs transferred internationally.

As outlined in the two figures, GO activity has been increasing over time which has been
noticed with enthusiasm by the AIB members, who see this trend as progress towards
increasingly reliable disclosures. The number of expired GOs has also been decreasing?®, which
might indicate the possible near end of an era of oversupply, making way for an equilibrium
between the supply and the demand. In fact, the growing volume of cancellations reflects the
increasing demand for GOs and the increase in price that follows. Note that in both figures 17
and 18, the volume of GOs cancelled and expired together represent less than the issuance
volume, indicating the existence of a GO inventory each year. This simply comes from that
GOs have a lifetime of 12 months from the date at which the corresponding electricity was

produced and hence do not have to be cancelled in the same calendar year.

8 GOs transaction by AIB members only

% Note that GO exports and imports can only be reported by transaction date. Choosing between displaying the GOs by
production date or transaction date is thus only necessary for the issuance, cancellation and expiration statistics. Moreover,
although the statistics obtained by the two methods differ on a yearly basis, in a longer time span, if well implemented, the
differences should fade.

10 Note however, that there will always be some expired GOs. In fact, since suppliers are legally obliged to back their supply
by GOs and cannot predict the exact amount of energy that they will sell during the year, they hedge by retaining slightly
more GOs than their forecasted need (P. Moody, email, February 12, 2019, Appendix J).
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Figure 17. Annual EECS transactions by production date in TWh (AIB, n.d.d.).
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Figure 18. Annual EECS transaction by transaction date in TWh (AIB, n.d.d.).

In overall, the growth in the GOs’ activity is due to an increase in the activity among current
members as well as due to the enlargement of the membership taking part in the hub (AIB,
2018d).

It is worthy to note that all charts relating to AIB data presented in this chapter account for GOs
issued for non-renewable sources as well. GOs issued (by transaction date) for nuclear and
fossil sources amounted together to 7% of the total issuance volume in 2018 (by transaction
date) (AIB, 2019b).

The following bar chart in figure 19 represents the volume of GOs issued and cancelled by
transaction date per country in 2018. We can see that the three major issuers of GOs in 2018

were Norway, Spain and Italy whereas the three major consumers of GOs were Germany, Spain
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and Switzerland. The difference between the number of GOs issued and cancelled in each

country reveals the extensive trade that prevails in this market.

GOs issued and cancelled by transaction date (TWh) 2018
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Figure 19. GOs issued and cancelled by transaction date in TWh in 2018 (based on figures from AIB, 2019b).

When it comes to the cross-border trade, in 2018, the three largest importers of GOs were
Norway, Germany and Belgium and the three largest exporters were Norway, Italy and Sweden
(cfr. figure 20). At first glance, it may seem odd that some countries import and export GOs in
the same year. This simply outlines that GOs are transferred between countries based on the
advantages in transactions fees and registry facilities that can be taken (AIB, 2018d). It is also
probably the case that a country’s imports and exports differ in the nature of the GOs. Note here
that although Norway was the biggest importer of GOs in 2018, as stated in the chapter 5, most
of its import value was mainly reexported and part of it expired, resulting in a very low
consumption. Consequently, in the case of Norway, the large import volume does not signal a
high demand and willingness to pay for GOs.
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GOs imported and exported (Twh) 2018
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Figure 20. GOs imported and exported (TWh) per country in 2018 (based on figures