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Hellenic Association for Energy Economics

Hellenic Association for Energy Economics (HAEE) is the
HAEE Greek think tank that brings together all those who study, debate

and promote the knowledge of energy, environment and economy
in our country. HAEE is the Greek affiliate of the International
Association for Energy Economics (IAEE), which is a non-profit
research and professional organization acting as an
interdisciplinary forum for the exchange of ideas and experiences
among energy experts.

HAEE was founded in 2015 in Greece, and has a global orientation welcoming the
participation of researchers and practitioners from around the world interested in
energy, environmental and economic related subjects. It acts as an independent
consulting body for national and international organizations to whom it provides a
broad contribution on issues related to energy, economics, policymaking and theory.

Through meetings and joint initiatives HAEE also provides a means of professional
communication and exchange within its members and the authorities defining the
Greek energy policy. HAEE organizes meetings amongst experts and specialists
interested in networking - organizes conferences and seminars on both national and
international levels - promotes training initiatives in the energy and economic sector -
provides researches, studies and other services for its members.

HAEE promotes the understanding of energy, environment and economy related topics
within universities and encourages the participation in the Association’s activities of
young students who are invited to seminars and conferences and can make use of
the IAEE library for their academic works. HAEE is financially supported by member
dues, contributions for research activities carried out for companies and bodies
involved in the energy field, and by the sale of conference proceedings as well as
conference fees and other initiatives.

National Bank of Greece

National Bank of Greece operates for 178 years, leading one of

the largest financial groups in the country, with a dynamic

contribution to the support of the Greek economy. NBG Group

has presence in 8 countries, where it runs 5 banks and 52 other

NATIONAL BANK financial services providers, with a workforce of 10,294
OF GREECE employees.

The Bank’s wide customer base, high deposit market share, sufficient liquidity for the
support of the Greek companies, high capital adequacy position, good reputation and
long-term customer relationship within the Greek banking market, constitute its
strategic competitive advantages.

NBG has long been the leading financing bank in the energy sector and has established
a strong footprint across all segments of the industry, with total approved credit
exposure of c.EUR3bn in corporate clients, c.EUR1bn in renewable energy projects
(corresponding to a total capacity of approximately 1.1GW) and over EUR100m in
private-public sector partnerships. Being committed to the backing of all major
projects that aim to foster economic growth, NBG provides tangible support to the
country’s aspiration to evolve into a key energy hub for Europe, with obvious benefits
for the domestic economy.
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Foreword

As the world moves ever closer to a low carbon future with greater
integration between different energy technologies, their co-
dependency and synergies tend to increase. The role of renewables,
energy storage, smart grids, alternative fuels and other modern
technologies becomes all the more connected to traditional energy
systems and fuels through interconnections, electrification,
digitalization and other significant trends taking place right now.
Therefore, the energy transition is currently in full swing and it is
going to affect the entirety of the sector, posing great challenges
for traditional players and creating opportunities for new and
disruptive activities.

HAEE stands ready to analyze and review the course of the energy transition in the
Greek market through its newly released "Greek Energy Market Report 2019" by
providing all the most recent data and valuable insights. In this regard, HAEE’s annual
report manages to identify the relative strengths and weaknesses of the Greek energy
market during a time of great change. The goal is to provide a full picture to
international or domestic companies that might be willing to invest in the Greek energy
sector, market participants, regulators and policy makers. Progress is assessed through
a series of variables including the country's goals for 2020 and 2030, demographics,
regulatory frameworks, energy security, sustainability, liberalization and through the
use of detailed statistics.

On behalf of HAEE, I wish to express my sincere gratitude to our partner, National Bank
of Greece, for its significant support and contribution towards the completion of this
report. Namely, I would like to thank the CEO of NBG, Mr. Pavlos Mylonas, for endorsing
the production of this report, Mr. Dimitris Kapotopoulos and Mr. Vassilis Karamouzis,
with whom the idea was born, and of course Ms Argyro Banila and Mr. Harry Vovos for
an excellent collaboration.

The report analyzes many significant developments in the Greek energy market, such as
the optimization of the energy mix, the role of privatizations (ADMIE, DESFA, PPC,
HELPE, DEPA), the liberalization of the electricity and natural gas markets, the potential
of creating a regional natural gas hub through projects such as TAP, IGB,
Alexandroupolis FSRU, Kavala Underground Storage and East Med, the assessment of
progress in energy efficiency and the establishment of the Hellenic Energy Exchange.
Given the fact that Greece traditionally depends on energy imports for a large
percentage of its needs, the shift towards renewables production, building
interconnections, different routes and sources for natural gas while gradually stepping
away from lignite, will determine the country's energy security and sustainability in the
decades to come.

At the same time, Greece has an opportunity to attract large investments from abroad,
create added value and much needed employment to boost its economy after many
years of recession. It is well understood that the energy sector can be a real driver for
growth in the following years, given the country's many comparative advantages, such
as a large renewable potential, close proximity to Central Europe, Africa, Eurasia and
the Middle East, a specialized professional workforce and, a stable political and economic
environment. Whether Greece will succeed or not, will depend on the consistent
implementation of its policies and reforms, the change of culture within its market
players, providing benefits for consumers, reducing carbon emissions and securing
funding. The authors of this report present their projections and estimations, but
ultimately it is up to the reader to form his/her own informed opinion about Greece's
energy present and future.

Dr. Kostas Andriosopoulos
Chairman, HAEE
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Foreword

It is a pleasure to introduce the distinct initiative of National Bank of
Greece (NBG) to sponsor the “"Greek Energy Market Report”, a newly
launched annual release of the Hellenic Association of Energy
Economics. The inspiration for this report was originally drawn by
the rapid changes that mark the Greek energy sector and the integral
role NBG envisages to under take in the sector - financing
investment activity for energy transition. Such a transition comprises
a combination of diverse projects, including infrastructure upgrades,
which improved the efficiency of the local energy landscape. NBG is
committed to supporting in an attempt to promote the country’s
economic transformation towards sustainable growth.

The external environment is supportive in turning Greece into a regional energy hub. In
particular, the European energy market is currently undergoing significant changes, as it
has set an ambitious target of reducing its greenhouse gas emissions by 40 per cent by
2030. This will require a significant investment in renewable energy sources as well as
the integration of the national energy systems into a “Single European Energy Market”.

In this context, Greece - being at the crossroads between Europe, Asia and Africa - can
play a key role in Europe’s new energy networks (such as the Southern Gas Corridor). It
can also play a critical role as a new entry port for liquefied natural gas (LNG),thus
reinforcing energy diversification in the EU (which currently relies heavily on Russia for

gas supply).

Moreover, under the broad guidelines of the EU decarbonization policy, the share of
renewable energy sources in total electricity consumption in Greece has increased to
16per cent in 2017 from 3per cent in 2007. As green energy is gradually also becoming
cheap energy (due to technological advancements), the role of renewable energy
sources in Greece’s energy mix is expected to strengthen further.

All the above reforms, combined with the projects envisioned for the interconnection
between the mainland and islands, as well as the ongoing liberalization of the domestic
electricity market, are expected to reduce wholesale electricity prices in Greece (that
were higher by more than 20per cent versus the EU during the past five years on
average). Taking into account that in several energy-intensive sectors (such as metals
and cement) energy costs cover almost 20 per cent of their raw material cost, projects
that increase energy efficiency boost the structural competitiveness of Greek industries.

With a total energy portfolio exceeding €2bn in utilized credit limits, NBG has led
landmark event-financings involving strategic energy sponsors, and has continuously
provided financing to large and medium corporate players of the sector. Moreover, NBG
has channeled more than 1/3 of its funding towards renewable energy projects. Having
a clear corporate vision to be the leading banking partner for energy investments in
Greece, NBG is committed to diversify and broaden its energy portfolio. Against this
background, the “Greek Energy Market Report” aims to constitute a useful toolkit for a
varied audience interested in monitoring the latest developments of the Greek energy
sector, and to support associated investments in the country. We rely on your warm
reception of our initiative and we are convinced that it may set the basis of enhancing
our institutional engagement and support for this vital sector for the Greek economy.

Mr. Paul Mylonas
CEO, National Bank of Greece
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Coordinator

Professor Dr. Kostas Andriosopoulos is the Executive Director of the Research
Centre for Energy Management at ESCP Europe Business School where he holds the
position of full Professor in Finance and Energy Economics. He is also the Academic
Director of the full-time (MEM) and the Executive (EMEM) Masters in Energy
Management. Kostas holds a PhD in Finance (Cass Business School, City University
London), where he has been the recipient of the prestigious Alexander S. Onassis
Public Benefit Foundation’s scholarship. He also holds an MBA and MSc in Finance
(Northeastern University, Boston, USA), and a bachelor’'s degree in Production
Engineering and Management (Technical University of Crete, Greece). Kostas is the
founding Chairman of HAEE.

Lead Researcher

Filippos Ioannidis is a PhD candidate at the Department of Economics at Aristotle
University of Thessaloniki, Greece. Filippos holds an MSc in Banking and Finance from
the School of Economics, Business Administration and Legal Studies (International
Hellenic University, Thessaloniki, Greece) and an MSc in Economics from School of
Economics and Management (Lund University, Lund, Sweden). He obtained his
bachelor’'s degree in Economics from the Department of Economics (University of
Macedonia, Thessaloniki, Greece). Currently, he is a research associate of HAEE.

Research Team

George Papadakis is a founding member of HAEE. He is currently a research
associate of HAEE and works as a Business Developer in the renewables energy field.
George holds an MSc in Energy Management from ESCP Europe in London and an MSc
in Business and Administration, from the Technical University of Crete, Greece. He
obtained his bachelor degree in Production Engineering and Management from
Technical University of Crete, Greece.

Thanasis Pliousis is a PhD candidate at the School of Production Engineering and
Management, of the Technical University of Crete, Greece. He has worked as a
research assistant at the Research Centre for Energy Management at ESCP Europe
Business School and a research associate at the Hellenic Association for Energy
Economics. Thanasis also holds an MSc in Engineering Management. His bachelor
degree is in Regional Economic Development from University of Central Greece and
Panteion.

Konstantina Liosi is a PhD candidate at the Department of Accounting and Finance,
AUEB. She also holds an MSc in Accounting and Finance (AUEB) and a BSc in Banking
and Financial Management from the University of Piraeus.

Konstantinos Ioannidis is an electrical engineer holding an MSc in Electrical and
Computing Engineering from Democritus University of Thrace (DUTH). He was also
awarded an MSc with distinction in Wind Energy Systems from the University of
Strathclyde, Glasgow, UK and currently works as a research associate and energy
advisor for the Hellenic Association for Energy Economics.

Leonidas Ourgantzidis is an economist holding a bachelor degree with honors from
University of Macedonia, Thessaloniki, Greece. Leonidas’ academic interests focus on
the topics of Environmental and Energy Economics and he currently works as a
research associate for Hellenic Association for Energy Economics.

Contributors

The authors are grateful to Dr. Georgia Makridou (Affiliate Professor, ESCP Europe
Business School), Konstantinos Dimitrainas (Sector Head/ Large Corporate Banking
Division - NBG), Minas Polivios Tsagkarakis (Senior Credit Analyst/ Large Corporate
Banking Division - NBG) and Eleftherios Soumpasis (Senior Credit Analyst/ Large
Corporate Banking Division - NBG) for their significant contribution towards the
completion of the “"Greek Energy Market Report - 2019".

Disclaimer: "The contents of this report are the authors’ sole responsibility. They do
not necessarily represent the views of the Hellenic Association for Energy Economics or
any of its Members.”
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Executive Summary

Energy consumption has become essential for our daily lives. Without the existence of
all forms of energy, societies wouldn't be in a position to evolve in the way that
globalization dictates. To benefit from the conveniences that modern life offers, we need
to produce energy in a number of different ways.

Over the previous decades, we have been widely using what are known as fossil fuels,
including coal, oil and natural gas. Currently, everything around us rely on these fuels
including the majority of products and services. However, the two main drawbacks of
their usage are first of all their scarcity, and second the fact that fossil fuels produce
large amounts of greenhouse gases. Aiming to overcome those issues and secure
environmental sustainability for the next generations, countries are currently heading
towards the well known “Energy Transition”.

The Energy Transition is a pathway towards the transformation of the global energy
sector from fossil-based to zero-carbon by the second half of this century (2050). At the
core of this transition is the need to reduce energy-related CO2 emissions and limit
climate change. Decarbonization of the energy sector requires urgent action on a global
scale, and while a global energy transition is underway, further action is needed to
reduce carbon emissions and mitigate the effects of climate change.

Energy Transition is about to allow Renewables to become our main source of energy,
while guaranteeing security of supply to all citizens, at an affordable price. This can be
made possible by interconnecting our whole energy system, integrating novel storage
technologies through the digitalization of the entire system. However, enormous
challenges arise in terms of regulations, market design, affordability and reliability. In
that context, according to the revised “Clean Energy Package”, which sets the goals for
climate & energy framework, by 2030, European Union countries should achieve the
following 3 targets:

« At least 40% cuts in greenhouse gas emissions (compared to 1990 levels)
« At least 32% share for renewable energy
« At least 32.5% improvement in energy efficiency

Aiming to reach those targets, national authorities in Greece adopted a series of
measures. The “Greek Energy Market Report 2019” reviews all the developments
related to the Greek energy sector, by providing the most recent available data.
Moreover, a concrete analysis is provided for 9 different sectors affecting the road
towards Energy Transition. In order to achieve that, the report provides both global and
European energy trends and then assesses the role of Greece in terms of following or
not those patterns.

Moreover, the report identifies all energy aspects that Greece is lagging behind,
hampering the accomplishment of the country’s energy and climate targets. At the
same time, it functions as a useful tool for those who want to have a solid view of the
Greek energy market. Hence, this Report can be beneficial for international or domestic
energy companies that might be willing to invest in the Greek energy sector, market
participants, regulators and policy makers.

Aiming to capture all the topics mentioned above, the Report consists of 9 distinct
chapters, covering the majority of the energy sector. Namely, Chapter 1 covers the
country profile in Greece by analyzing and providing the key demographic,
macroeconomic and energy statistics. A robust examination of the formation and role of
the newly established Hellenic Energy Exchange is provided in Chapter 2. The next
chapter, focuses on the electricity sector, highlighting various issues related to
generation, capacities, prices and market shares.

Chapter 4 is dedicated to natural gas and explores all the developments that occurred in
the market followed by the recent liberalization. Again, all the characteristics affecting
supply and demand are carefully investigated in parallel with the projected plans for
expansion of the market through new grid construction and use of LNG/CNG
technologies.

8 | Greek Energy Market Report HAEE 2019



Chapter 5 focuses on the significant penetration of Renewable Energy Sources in
Greece, by providing unique data, geographical and market analysis, and an update in
regards to the regulatory framework. Chapter 6 covers the oil market, which continues
to play a crucial role for the country, and the recovery of the Greek economy.

The concept of energy efficiency is extensively analyzed in Chapter 7, highlighting the
progress of Greece towards achieving all its energy related goals in various sectors,
such as transportation, industry and households. Chapter 8, is a salient chapter since it
provides HAEE’'s main outcomes and policy recommendations regarding the known
Energy Trilemma. Concepts such as Greece’s performance in terms of energy security,
sustainability, energy equality and government policy are widely analyzed, in parallel
with specific suggestions for improvement.

Finally, Chapter 9 outlines the existing framework in terms of all ongoing and future
energy investments, covering all aspects of the sector, such as the development of
electricity networks, natural gas pipelines, important RES investments and financing
means.

The unique characteristic which can be considered as the comparative advantage of the
“Greek Energy Market Report 2019”, is that it managed to create and utilize a unique
database from international robust data sources (such as the World Bank, OECD,
Eurostat, IEA & Bloomberg) and at the same time gather substantial information from
domestic data sources (such as EnEx, ADMIE, DESFA, RAE & Elstat).

In terms of the broader conclusions and findings of the Report, the Greek energy
system is characterized by high consumption of conventional fuels based, in large part,
on lignite which was strategically chosen for electricity production after the oil crisis of
the 70s. In addition, the Greek energy system is widely dependent on imports which
include crude oil, oil products and natural gas. In that context, the increasing
penetration of natural gas into the final energy consumption, justifies its
characterization as the “bridge fuel” towards the Energy Transition. Still, the vast
penetration of RES in the system and the improvement in energy efficiency, reflect
Greece’s efforts to adopt European and national policies.

Overall, the energy sector in Greece has a higher contribution to gross value added and
employment than in most EU countries, and is poised to grow significantly in the
coming years, driven by a number of significant factors that are summarized below:

+ Required optimization of the energy mix, consisting of the reduction of fossil-fuel
generated electricity and increased RES contribution. This shift will be driven both by
the revised EU policy of 32% renewable energy sources by 2030, and the preference
for cheaper energy sources such as natural gas

+ After the successful privatization of the Independent Power Transmission Operator in
electricity (ADMIE), and the natural gas Transmission System Operator (DESFA) that
took place in 2018, the state plans to privatize additional major energy assets such
as the Public Power Corporation (PPC), the natural gas incumbent (DEPA) and the
Hellenic Petroleum (HELPE) group

+ The liberalization of the electricity and natural gas markets and the further
separation of production and supply from transmission networks

« The potential for Greece to become a European gateway for natural gas,
electricity and oil resources through major infrastructure projects such as the TAP-
IGB-East Med gas pipelines, the Alexandroupolis FSRU or gas and oil exploration and
production

« Efforts to improve energy efficiency and reduce cost driven by technologies such as
smart metering, smart grid technologies and energy efficient buildings

« Major electricity infrastructure development initiatives such as the interconnection of
the Greek islands with the main electricity grid

+ The establishment of the Hellenic Energy Exchange in accordance with the electricity
Target Model which is the basis for the development of the single energy market in
Europe
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1. Country Profile
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Consumer confidence seems to recover after a
long period of turbulences, yet unemployment
rate in Greece remains the highest in the EU
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Highlights

Greece is a European Union member country since the 1st of January 1981, located in
Southeast Europe with Athens being the nation’s largest city and official country’s
capital. The country obtained the euro currency as a member of the Eurozone since
the 1st of January 2001.

Greece’s population numbered 10.738.868 million people in 2018. The population’s
decline can be linked to the severe economic crisis and the brain drain that followed.

Even though unemployment in Greece dipped to 18% in December of 2018, from
20.8% the previous year, it remains the highest rate in the European Union. Youth
unemployment rate continues to be the highest in the developed countries, since it
was 39.5% in December 2018.

Consumer Price Index (CPI) provides an estimation of proportional change in the
general level of prices of a fixed set of consumer goods and services of constant
quantity and characteristics. CPI for Greece appears to follow a constant declining
trend from 2010 to 2015, that seems to differentiate over the recent years.

Future developments of the households’ consumption and saving are indicated by the
Consumer Confidence Index. The index is composed based upon answers from
households concerning the expected financial situation, their sentiment about the
general economic situation and unemployment rate and the capability of savings.

Indicator values below 100, reveal a more pessimistic view of the households about
the future of the economy, accompanied with a tendency to increase savings and
reduce consumption. In Greece, households’ views seem to be more pessimistic
following the year 2008 and the emergence of the financial crisis, a trend which
remained for more than five years but seems to recover during the recent period.
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Greek economy faces a positive outlook and
higher growth rate than the eurozone, since it is
anticipated to grow at 2.4% on average during
2019-2022

GDP at current prices (billion €),
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Highlights

Following 2008 financial crisis, the Greek economy went through a period of severe
recession, since GDP at current prices (excluding inflation) faced a dramatic decline of
27.2%. Precisely, the highest amount of GDP is observed in 2008 at 242 billion euros
and the lowest in 2016 at 176 billion euros.

The V-shape GDP growth rate reveals that following a period of economic stagnation,
economy achieved positive figures of growth rate, which is directly affected by
investment and expenditure. Current levels of domestic demand and exports'
performance seem robust.

GDP growth is projected to edge up to 2.2% in 2019. Household consumption and
investment will be enhanced with the rising confidence. In that context, continued
implementation of the government’s reform program will support the recovery.

Total domestic demand follows the same pattern as GDP growth rate since it is
consisted of three main macroeconomic variables. Final consumption, investment and
the expenditure by the private and the general government sector, after the inclusion
of the inflation contribution.

Private consumption indicates the amount of money that consumers spend for the
purchase of goods and services. It is an indicator that incorporates purchases that
refer to, among other sectors, energy, food, education, communication, transport and
health.

Public consumption provides a measurement of the value of goods and services that
are received with the contribution of the public sector. From 2006 to 2013, Public
Consumption in Greece appears to follow a declining turn, a trend which seems to be
altering recently.
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Huge government debt as percentage of total
GPD remains the biggest issue for the Greek

economy
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Greece’s exports seem to have a stable trend, except for the years between 2008 and
2010, which were significantly affected by the uncertainty of the imminent crisis.
Regarding the period 2007 to 2009, imports indicate a constant declining trend, which

changed over the recent years.

Lending Rate indicates the interest rate that is charged from financial institutions for
loans to corporations up to 1 year. Lending Rate in Greece seems to follow a declining
trend in order to stimulate economic growth by making easier for corporations to

borrow money and finance investments.

The Economic Sentiment Indicator incorporates five different sectoral confidence
indicators. Namely, the Industry Confidence, the Services Confidence, the Consumer
Confidence, the Retail Trade Confidence and the Construction Confidence. For the
case of Greece, the Economic Sentiment Indicator follows an upward trend, reflecting
the relative optimistic views of managers and households.

Evidence like the return of both the Economic Sentiment Indicator and the Consumer
Confidence in their pre-crisis levels reflect the optimistic views and expectations of the
market participants that reveal the positive economic environment for the country.

The issue that still worries national authorities is the increased level of government
debt in GDP percentage. Greece continues to hold the Eurozone’s highest ratio of
public debt compared to its GDP, with 181.9%, followed by Italy at 133%. At the
same time, the Eurozone’s public debt represented 86.1 % of the EU’s GDP.

The analysis of the main macroeconomic indicators in Greece, reveals the country’s
increased possibility to rebound from the severe impact of the financial crisis.
Authorities should focus on improving competitiveness and productivity through the
creation of the conditions to overcome any structural difficulties.
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Projections for economic growth and financial
credibility illustrate the recovery of Greek
economy in the next few years

Real GDP growth and unemployment
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During the economic crisis, the Greek economy lost a quarter of its GDP. However,
since the last year, economy returned to positive GDP growth. Regulatory reforms,
tax reductions and increase in investments, is anticipated to boost public confidence
of the markets and investors.

Projections regarding the unemployment rate, forecast a steady reduction to 14.3% in
2022 and more decline is been expected, as the economy will recover and the country
will continue to gain the confidence of both domestic and foreign investors. Before
economic crisis the Greek economy was characterized by large current account and
government deficit . From 2010 onward both deficits were reduced drastically.

The citizens recover their trust to the credit system, as since the last year, deposits
are gradually returning to Greek banks. Particularly, in January 2017 the level of
personal deposits was at 119.75 billion euros and experienced an incremental
increase until the end of that year, where it reached the value of 126.35 billion euros.
After that point, deposits in Greek banks are constantly rising.

As far as the credibility of Greece in financial market is concerned, the last few
months, Bond rating agents, raised up their credit ratings for Greece. In particular,
Moody’s rated Greece with B1 with stable outlook in their latest assessment in March
of 2019 while Standard & Poor’s rated Greece B+ with also a positive outlook.
Additionally, the rating of DBRS was B (HIGH) with a positive outlook (June 2018). On
the other hand, the rating of FITCH and DBRS was BB- and B respectively with stable
outlook for both of them. The rating of DBRS is concerned June 2018 while the FITCH
rating referred to August 2018 (two months later)

Overall, there are already signs of recovery in the Greek economy which are expected
to be more persistent in the following years, reversing the trends that existed due to
economic crisis. Those positive signs are depicted both to economic trends and
credibility outlook of the country.
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ns Package was presented in November 2016 by the
to keep the European Union competitive during the

energy transition, by placing the consumers at the center of the energy policy.

The Package consists of 8 different legislative acts as shown: Energy Performance in
Buildings Directive, Renewable Energy Directive, Energy Efficiency Directive,

Governance Regulation, Electricit

y Directive, Electricity Regulation, Risk-Preparedness

Regulation and Regulation for the Agency for the Cooperation of Energy Regulators

(ACER).

These new rules are being forma

Ily adopted from the EU countries, and as a result in

Greece, since the first months of 2019. The key aspect of the package is that it sets

up a governance system for the

EU, and each member state is obliged to create a

national energy and climate plan, explaining how they will achieve their respective

targets.

The Clean Energy Package also

outlines some measures for the building sector and

suggests a modern design for the EU electricity market, that corresponds to the new

market reality.

Moreover, it strengthens the righ
in the transition by producing the

ts of the consumers and enables them to participate
ir own renewable energy and feeding it into the grid.

With the implementation of these policies, two new targets for the EU are set for
2030: a binding renewable energy target of at least 32% and an efficiency target of at

least 32.5% with a possible upwa

rd revision in 2023.

Besides that, they will lead to steeper emission reductions than anticipated (around
45% relative to 1990 compared to the existing target of 40%).
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Greece is far away from energy independency,
since there is a significant gap between total
production and total consumption

Energy production in Greece (Mtoe),
[1990-2016]
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The energy production remained stable during 1990-1995 in Greece, whereas in the
following 16 years there was a slight increase with minor fluctuations. The energy
production peaked at 10,4 toe in 2012 and during the last 4 years, a huge decline was
observed (27% in respect to 1990 and 35.5% in respect to 2012).

It is obvious that Greece is far away from energy independency, and therefore the
study of primary energy supply in respect to energy consumption becomes crucial.
Primary energy supply can be defined as the energy production augmented by net
energy imports, minus international bunkers and plus the difference in stock changes.

Primary energy supply was at 21,44 toe in 1990 and reached the highest value of
30,42 toe in 2008. The effects of financial crisis are visible, reducing the energy
supply from 2009 to 2016 by 23%.

Although the energy taxation revenues steadily increased from 1995 to 2015 in
Europe, this pattern differs in the case of Greece. From 1995 to 1999 there was a
downward trend in energy taxation which in following years and until 2008 completely
reversed. A slight decrease is noticed in a two-year period (2007-2008) while from
2009 and onwards the revenues from energy taxation skyrocket.

The sharp increase in energy taxation revenues in the last 10 years, could be
interpreted either by the environmental-friendly policy adopted by European Union in
Greece, which constitutes a decisive factor for increasing revenues from taxation, or
as a mechanism of money collection from the government in order to meet its
financial needs due to economic crisis.

Considerable

euros in 2017.

increases

in environmental

Country Profile

taxation are visible as well.
government revenues from this source altered from 4.972 in 2008 to 7.162 million

The total
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The intertemporal interplay between energy
supply and energy consumption by source in
Greece

Total primary energy supply in
Greece (ktoe), [1990-2016]

Total final energy consumption by
source (ktoe), [1990-2016]
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Fuels contribute disproportionately in the aggregated primary energy supply.
Particularly, the contribution percentage of primary and secondary oil, in primary
energy supply, is between 50% and 60% in Greece. The percentage of coal lies
between 20% and 30% while the contribution of all other fuels reaches the value of
29% (2016) of the total primary energy supply.

Primary and secondary oil supply peaks at 16.393 ktoe in 2008, and after this point
follows a downward trend concluding at 11.357 ktoe in 2016. Furthermore, primary
energy supply of coal increases until 2007 (8.836 ktoe) and from 2007 to 2016 is
declined by 50% (4.369 ktoe).

Biofuels and waste, natural gas, geothermal, solar and other fuels increase the
primary energy supply throughout this 16 year period. Particularly, natural gas
experiences a remarkable increase of 2429% in those 16 vyears, while the
corresponding percentages for biofuels & waste, hydro and other fuels are 38%,
214% and 1580% respectively.

Total energy consumption varies among different sources of energy. Oil products
dominate the energy consumption, while the second most consuming source of
energy is electricity, with coal consumption following. The intensity of oil products and
coal is declining over time, whereas the intensity of electricity continuously rises.

Natural gas consumption experienced a similar increase to natural gas supply and the
consumption of biofuels & waste, heat and other sources of energy increasing
significantly in percentage, indicating intention of changing the patters of energy
consumption.

Future efficiency requires huge transformations in energy consumption as a whole
and in its components, both in percentage and in absolute values.
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Greece imports the majority of its oil and gas
needs, which is translated as a huge cost and low
rating in terms of security of supply

Electricity key figures per capita in Greece
and Europe (KWh), [2017]
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is completely covered by the generation

and the net exports of electricity are positive, in Greece there is a deficit of electricity

which is covered through electricity imports.

In 2017, Greeks consumed 5.287 KWh per person in average, while the corresponding
generation was only 4.837 KWh. The difference between consumption and production
corresponds to 450 KWh which is approximately 8.5% of the aggregated consumption

and is covered through net imports.

There is also a gap between consumption and production of natural gas, which was
expected, seeing that Greece does not produce natural gas and therefore the demand
is completely covered by imports. Furthermore, EU cannot produce the consumed
amounts of natural gas but has made improvement as far as the natural gas

production is concerned.

Crude oil production is also zero in Greece and in conjunction with zero natural gas
production poses a threat related to energy security. It is evident that the total
national consumption of crude oil is covered exclusively by imports.

Production capacity differs according to different sources of energy per capita both in
Greece and EU. The total energy production per capita is 15.606,19 KWh in Greece
which is divided into 4.525,80 KWh of RES per capita, 2.184,87 KWh of hydro
production per capita and 8.895 KWh of fossil fuels production per capita.

That is, 57% of total production comes from fossil fuels, 14% form hydro and 29%
from renewable sources of energy. Production of nuclear is zero both in percentage

and absolute value.

Overall, European percentages are almost identical with the Greek ones, with minor
differences concerning mainly the production of nuclear energy.

Country Profile
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Greece has completed the national target of 20%
reduction in greenhouse emissions in respect to
1990 levels, mainly because of the financial crisis

Greenhouse gas emissions intensity of energy consumption (2000 = 100),
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EU has set specific targets for greenhouse gas emissions to be met until 2020, 2030
and 2050 by EU countries. In Greece, the reduction of greenhouse emissions is mainly
the result of less energy use due to the financial crisis.

As a result, the decrease in percentage values is greater than EU 28 but more policies
should be applied for the restriction of greenhouse gas emissions on the grounds that
the recovery of Greek economy will increase the emissions if a proper energy policies
framework is missing.

Carbon footprint can be defined as the aggregated carbon emissions released into the
atmosphere, as a result of economic or other activity. Lower carbon footprint
constitutes a challenge for the future EU’s and world’s sustainability.

In Greece, the total carbon footprint is measured at 6,26 tons per capita while EU is
more efficient with a total of 5,39 tons per capita. This total consumption in Greece is
divided into 49% of Diesel and gasoline emissions, 8% of natural gas emissions, 39%
of coal consumption emissions and 4% of emissions from other sources

Diesel and gasoline are the major sources of carbon emissions and the reason for
almost half of the aggregated carbon emissions in Greece. Natural gas is the only
source of energy in which Greece outperforms EU in per capita levels.

In particular, Greece emits 35% less carbon dioxide coming from natural gas, in
relation to EU 28, which is approximately 1 ton difference in absolute values.

Carbon footprint of coal comes second in size with 2,45 tons emitted (39%). The

corresponding number for EU is 1,72 tons of carbon emissions and the carbon footprint
of other sources is minimal.
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Compared to the rest EU countries, Greece has
experienced the biggest increase as far as the
inability to keep homes adequately warm

Inability to keep home adequately warm (%), [2010-2016]
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In Greece, the gradual increase in utility bills in conjunction with the financial crisis
have led households to cope with energy poverty; that is the inability to keep their
homes adequately warm or to pay off their energy utility bills. However, this appears
as a national problem, seeing that European Union faces stability on those variables.

Among the EU 28 countries, Greece has experienced the biggest increase concerning
the inability to keep homes adequately warm. Particularly, in 2010 only 15.4% of
households declared this inability while in 2016 the percentage almost doubled
reaching 29.1%.

In EU 28, the trend remains stable as an outcome of increased percentages observed
mainly in Greece, Italy, Spain and Croatia and of decreased percentages met in
Bulgaria, Latvia, Malta, Portugal and Romania.

Arrears on utility bills (heating, gas, water, electricity, etc.) is another measurement
of energy poverty and European Union 28 has also managed to perform well in this
indicator, with a stable trend which seems to decline in the most recent years.

On the other hand, the intense and persistent impact of financial crisis in Greece
increased the inability of households to meet the energy utilities obligations. In
particular, the percentage of households which encountered difficulties in utility bills,
was 18.8% in 2010, while it more than doubled in 2016 reaching approximately 40%
of households.

EU adopts a series of measures in order to tackle energy poverty with the most
dominant to be the integration of energy markets through Energy Exchanges.
Furthermore, the implementation of other measures is discussed while the majority
of EU 28 countries began to introduce national measures in order to curb the sources
of energy poverty.
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The liberalization process of energy market has
been relatively delayed, however significant
developments are observed recently

Timeline of the liberalization process in the Greek energy market
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In order to harmonize and liberalize the EU’s internal energy market, measures have
been adopted since 1996 to address market access, transparency and regulation,
consumer protection, supporting interconnection, and adequate levels of supply.

These measures aim to build a more competitive, customer-centered, flexible and
non-discriminatory EU electricity market with market-based supply prices. In doing
so, they strengthen and expand the rights of individual customers and energy
communities, address energy poverty, clarify the roles and responsibilities of market
participants and regulators and address the security of the supply of electricity, gas
and oil, as well as the development of trans-European networks for transporting
electricity and gas.

For the case of Greece, officially since 2007 all electricity customers in the
interconnected system had the choice of alternative supplier. Enhanced competition
though is still weak, since PPC’s dominates the market share (79.76% in Jan.2019).

Considering the natural gas market, Greece’s geopolitical position serves as the
crossroad between the abundant-at-natural-gas East and the demanding West. The
infrastructure projects of pipelines interconnecting Bulgaria, Italy and Turkey offer
source diversification and security of supply, eliminating the danger of an energy
crisis similar to the ones that Europe has witnessed in the past.

However, the development of the market around the liberalization process in Greece
was established only in 2017 regarding the wholesale market, while the retail gas
market was officially liberalized at the begging of 2018. Currently, the regulatory
framework encompasses all necessary provisions to facilitate the imports and the
network use from third parties. Further privatization plans of the incumbent company
DEPA reveal the will to create a liberalized regional market. The implementation of
electricity and gas market reforms are the necessary steps towards the
implementation of the Target Model in 2020.
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2. Hellenic Energy Exchange
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Hellenic Energy Exchange will organize and
operate Greece’s new electricity, natural gas and
environmental markets

The imminent framework of Greek energy market
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Aiming to enhance competition, Greece has introduced numerous stages towards the
liberalization and deregulation of wholesale electricity market. The formation of
Hellenic Energy Exchange (HEnEx) is one basic reform that is in line with European
regulation.

Until the start of 2018, the electricity market in Greece operated through the public
company LAGIE, which was responsible for undertaking the operation and monitoring
the Day-Ahead market and Intraday coupling.

LAGIE’s further responsibilities comprised clearing, settlement and reporting of
transactions to both the Regulatory Authority for Energy (RAE) and the Agency for the
Cooperation of Energy Regulators (ACER).

Aiming to modify this structure, Greek authorities in co-operation with the European
Commission, have jointly formed a framework towards the implementation of Target
Model guidelines.

The Greek energy market framework was shaped radically in February 2017, when
the Market Operator (LAGIE) and Athens Stock Exchange (ATHEX) signed a
memorandum of cooperation, aiming to establish the Hellenic Energy Exchange that
is desighed to replace the current system of mandatory pool by the end of 2019.

The operation of the energy market is complemented by new provisions that will allow
natural gas and environmental products to enter the platform. At the same time, the
objective is to include RES, which can facilitate to the forthcoming Power Exchanges,
as suppliers.

Following the formation of HEnEx, a new entity was established as the market
Clearing House, in order to undertake the responsibilities of Clearing, Risk
Management and Settlement of the transactions.
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The Hellenic Energy Exchange is expected to
launch operations by the end 2019, as part of a
plan to restructure the domestic electricity energy
market, lower energy cost and strengthen
security of supply

--- OTC contracts
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In line with the Third Energy Package, the transition to the new Target Model of the
European wholesale energy market, includes the formation of voluntary basis Power
Exchanges, in parallel with the existence of Over the Counter (OTC) bilateral
contracts.

HEnEx operates in this exact way, by permitting participants to submit different
orders for the supply of electricity for different production levels and time intervals,
and at the same time keeps a record of all OTC contracts.

On January 2018, HEnEx was established as the successor of LAGIE , which
transferred to the newly established entity, all the responsibilities assigned to it
considering the operation of the energy market.

Consistent with the proposed market codes, spot markets concern at least physically-
deployed energy-based financial instruments, with the ability of either limit or
broaden the scope of the license to non-physical energy financial instruments.

According to current planning, the software system implementation, the internal
training and the completion of ADMIE’s interconnection systems will occur in May
2019.

The procedure of user acceptance internal testing and fixing possible errors will follow
in July 2019. In October 2019 the processes of (i) Commissioning, (ii) Participants
Training and (iii) Dry Run will take place.

According to ENTSO-E (2018) market coupling with Italy is expected to take place

during the 1st quarter of 2019, while coupling with Bulgaria and North Macedonia is
anticipated to occur by the end of 2020.
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HEnEx is anticipated to encourage competition,
guarantee transparency, enhance liquidity and
facilitate integration with the rest European
electricity markets

Hellenic Energy Exchange ownership structure
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The establishment of the new energy exchange is critical to the reform of the Greek
energy sector. It is also an essential element in the EU target model for energy
markets, which Greece is committed to adopt.

An initial step towards the Target Model was the restructure of the previous Market
Operator (LAGIE) to "RES Administrator & Guarantee of Origins", with the distinctive
title DAPEEP.

According to HEnEx ownership structure, DAPEEP will participate with a share of 22%
to the new entity, thus ensuring the participation of the Greek state. Besides, the role
of ATHEX is of crucial importance (21%) since it is expected to contribute with the
necessary expertise in the formation of HEnEx.

Beyond the two major shareholders (DAPEEP and ATHEX), the required capital was
covered by the contribution of other entities, such as the electricity and gas
Transmission System Operators (TSOs), (ADMIE 20% & DESFA 7%, respectively), the
European Bank for Reconstruction and Development (20%) and Cyprus Stock
Exchange (10%).

In terms of ownership structure, each acquisition or transfer of shares, for which the
shareholding percentage reaches or exceeds 1/5, 1/3, 1/2 or 2/3 of share capital, is
subject to prior approval from RAE.

Regarding the basic characteristics of the introduced Power Exchange,
standardization, transparency, low transaction cost and elimination of counterparty
risk are some of the features accompanied with its function.

In contrast to the existing mandatory pool, the new PX is anticipated to provide a fair,
secure and regular transaction process.
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The two pillars of the imminent wholesale power
market are the power exchange and Over the
Counter transactions (OTC)
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Both pillars of the wholesale market comprise of spot and derivative markets that lead
to either physical or financial settlements. Hellenic Energy Exchange operation and
OTC contracts function in a complementary way. Still humerous differences exist
between them.

The dynamic two-sided OTC contracts are available only to a limited number of
participants, and since their supervision and regulation is problematic (given that
transactions are opaque), both participants encounter high levels of counterparty risk

Cross-border transactions will be conducted in a transparent and reliable manner,
ensuring greater liquidity in the energy market, and at the same time providing a
competitive environment for the benefit of the final consumers.

The existence of a Clearing House in the framework of Hellenic Energy Exchange,
eliminates any chances of counterparty risk. Yet, the interaction of prices on the two
markets is highly correlated, since the prices formed in any Power Exchange, function
as a benchmark or reference price for the prices shaped at the corresponding OTC
market.

In case of bilateral trading, all Forward contract specifications included in a bilateral
OTC contract are at the sole discretion of the two participants involved, apart from
those affected by power mitigation rules, as decided by RAE.

According to European experience, OTC transactions are anticipated to prevail in the
market, at least during the following years, since participants are reluctant to enter
the Power Exchange since most companies are not familiar with this new concept.

For instance, in 1996, 96.1% of all transaction recorded were completed through OTC
transactions, while only the remaining 3.9% was attributed on Power Exchanges.
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EnEx Clear is a clearing house that was
established following the formation of HEnEx, and
undertakes the responsibilities of clearing,
settlement and transaction coverage

Interplay among market participants in the wholesale market
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Given that participants are required to maintain margin accounts, a clearing house is
interposed among counterparties to guarantee financial reliability. EnEx Clear
intervenes between counterparties’ transactions and undertakes the role of buyer vs
each seller and vice versa for the clearing of transactions.

EnEx Clear is 100% subsidiary of the Hellenic Energy Exchange. Its main role is to
aggregate the obligations of the counterparties considering their positions and
manages counterparties risk.

The clearing house is responsible for the completion of the financial obligations before
the delivery process starts by the TSO. Energy Clear performs the financial settlement
of the transactions, the collaterals management and the clearing fund contribution
management, in Central Bank with the use of Target 2 system.

The use of the Ancillary System of Target 2 offers an easy access to money transfer
for all participants, even to the foreign ones.

Members could be either Direct Clearing Members (DCM) which are common energy
market participants or General Clearing Members (GCM) such as credit institutions
and investment firms.

DCM which are legal entities and have their registered seat or branch in Greece or
abroad, are eligible to clear their own transactions while GCM are eligible to clear their
transactions as well as other participants’ transactions.

Default takes place when there is no sufficient amount, in the settlement account of
the Clearing Member in Target 2, to match its obligations for: financial settlement,
required margin deposits, possible adjustments in Clearing Fund contributions, fees
and taxes.
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Participants can take advantage of the flexibility
provided by the introduced forward and intraday
markets

Sequence of the introduced markets in HEnEx
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The Forward market refers to agreements between two participants for buying or
selling a specific quantity of electricity at a specific price, on a specified future date.

The elements included in such a contract are standardized and comprise of the
underlying title, the delivery date and the contract size.

The settlement price of the Forward contracts is not recorded in the transaction
system. In the Forward Market, participants arrange their long-term planning through
explicit auctions. Besides, the Forward Market is the place where OTC contracts with
physical delivery are registered.

Day-Ahead market refers to wholesale transactions in each D-1 calendar day, where
electricity supply contracts are auctioned for each market time unit (1 hour) of
physical delivery in day D.

All transactions of energy financial products with physical delivery are also declared.
The delivery day (D) consists of twenty-four purchased time units, starting at 01:00
Easter Europe Time (EET) on calendar day D and ending at 01:00 EET on the next
calendar day D+1

Intraday is the market in which transactions to buy and sell electricity with physical
delivery obligation are auctioned after the gate closure of the day ahead market (D-1
and D) and for physical delivery 