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Study on Renewable Energy
Sources in the Aoos basin —
beyond hydropower exploitation

TOWARDS A TRULY SUSTAINABLE ENERGY FUTURE IN NORTHERN
PINDOS

THE “ENERGY LANDSCAPE” OF GREECE

The Greek energy system is different from most EU Member States energy systems, as, apart from the
mainland, it comprises of a large number of autonomous island systems and is highly dependent on
conventional fuel imports (higher than the EU average). Lignite is, in fact, the main fossil fuel produced in
Greece and is almost exclusively used for electricity generation. In this Chapter some main facts and figures
regarding the structure of the electricity system, as well as the energy production and consumption, are
presented.

Installed Capacity and Electricity Generation in Greece

Regarding the Greek electricity generation mix in the Interconnected System of the country (mainland) in
2017, lignite, a significant domestic fossil fuel resource in Greece and an important component of the
country’s energy security, overpassed Renewable Energy Sources (RES) and hydroelectric production after
the latter’s dominance in 2016 energy mix. More specifically, lignite production in 2017 increased by 9.97%
(1,486 GWh) compared to 2016, as opposed to the sharp decline of 23.26% (- 4517 GWh) of 2016
compared to 2015 (RAE, 2018). Similarly, natural gas production continued the upward trend of the last
two years and amounted to 15,400 GWh (against 12,500 GWh in 2016 and 7,300 GWh in 201 5), rising
up to 23.06% of the total power production. The hydroelectric production declined from 4,800 GWh in
2016 to 3500 GWh in 2017 (by 28.62%), following the downward course of the previous year. RES
production and Combined Heat and Power Production (CHP) continued the upward course of the previous
year and was equal to 10,600 GWh, recording an increase of 3.67% compared to 2016. Production by
other fuels in the Interconnected System of the country was at zero level for a third consecutive year. The
numbers indicate the importance of lignite and natural gas in security of supply for Greece. Overall, domestic
production showed an increase of 7.91% compared to 2016. The share of energy sources for electricity
generation in Greece for the year 2017 are presented in Figure 1.

Table 1 and Figure 2 present the monthly fluctuation of actual generation by fuel, reflecting seasonal
demand changes, as well as the impact of stochastic factors and regulatory measures. In 2017, electricity
demand showed a very strong increase in percentage points during January and February (12.3% and
6.8%, respectively, compared to the corresponding months of the 2016). This was related to the
electrification of heating, along with the great drop in temperature and the intense weather deterioration
during these two months, in comparison with the corresponding months of the previous year, which on the
contrary, were the warmest of the last 100 years in Greece. On the other hand, a significant reduction in
electricity demand (of 6.2%) was noted in December 2017 compared to December 2016. This was mainly
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due to the relatively mild temperatures, which prevented - to a certain extent - the frequent use of electric
heaters.

Overall, lignite production experienced a sharp fluctuation between 1080 GWh and 1708 GWh on a
monthly basis. A significant decline in lignite production was marked in May and September of 2017,
following the respective decline in demand, the same months. The maximum value of lignite production was
recorded in January 2017 and was equal to 1708 GWh. Lignite units greatly contributed to covering
demand during the crisis of natural gas in January and February of 2017, although some of them were out
of service due to planned work of annual maintenance, some of them faced serious damages and some
others had poor performance due to extreme weather conditions and poor lignite quality (ADMIE, 2017 a).

Electricity generation in Greece, 2017 (GWh)

¥ Lignite units  * Naturalgas ™ RES * Hydro

As%

23%

Figure 1. Share of energy sources for electricity generation in Greece, in 2017 (ADMIE, 201 8).

Natural gas production presented a significant increase in 2017, showing great variations, with monthly
levels varying between 764 GWh (in March) and 2001 GWh (in January). The highest production from
natural gas units was marked in January 2017, during the gas crisis. During this period, the National Natural
Gas System Operator (DESFA S.A.), due to restrictions in delivering liquefied natural gas, upgraded the
alarm level from Level O (Normal Operation Level) to Level 2 (Alert Level) in the national gas system (ADMIE,
2017b; RAE, 201 8). The management of this energy crisis under the coordination of the Regulatory Authority
for Energy (RAE) in Greece, as the Competent Authority, along with the assistance of all institutions and
market participants, had excellent results in terms of security of supply, as any interruption of power supply
to consumers was prevented, even marginally (RAE, 201 8).

Hydroelectricity presented lower levels compared to 2016, ranging from 146 GWh in April 2017 to 658
GWh in January 2017. During the winter gas crisis of 2017, the water reserves of hydroelectric plants were
intensively used, in order to meet electricity demand. This resulted in the depletion of water reserves, which
was reflected in a reduced production during the months after the gas crisis.

RES production!, as a stochastic factor depending on climatic conditions, presented expected seasonal
fluctuations, ranging from 681 GWh in November (due to low winds and lower sunshine) to 1168 GWh in

1t is noted that RES do not include big hydropower stations; hydroelectric stations with capacity less than 15MW
are operating under the legislation applied for RES in Greece.
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August 2017, maintaining high levels from April till August. The extreme weather conditions occurred mainly
in January 2017 resulted in a relatively reduced production this month.

Table 1. Monthly electricity production in GWh by generation fuel in Greece in 2017 (RAE, 2018)

JAN FEB MAR APR MAY JUN JUL AUG SEP OoCT NOV DEC TOTAL
Lignite 1,708 1,573 1,331 1,129 1,080 1,215 1,466 1,346 1,202 1,460 1,529 1,347 16,387
Natural 2,001 1,240 764 764 972 1,417 1,500 1,603 1,223 1,111 1,422 1,361 15,397
Gas
Hydro 658 214 218 146 210 284 406 362 214 196 234 315 3,457
RES 770 839 959 838 960 729 988 1,168 772 839 681 1,022 10,564
TOTAL 5,137 3,867 3,272 2,878 3,222 3,644 4,359 4,479 3,411 3,606 3,886 4,044 45,805

Monthly production by Generation fuel in 2017

2500

2000 +—

1500 - — -
g1000 \’//\\ :
—_—

500 \

\_\/\,/
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l— Lignite Natural Gas === Hydro s RES]

Figure 2. Monthly electricity production by generation fuel in Greece in 2017 (RAE, 2018)

Figure 3 illustrates the evolution of electricity generation in Greece the past -approximately- 40 years,
including the net result of imports-exports. As shown, the dominance of lignite has decreased over the last
decade. More specifically, electricity generated from lignite fell from 31 TWhin 2012 to 17 TWhin 2017,
mainly due to growth of renewable generation by wind and solar, more extensive use of natural gas,
increased energy imports and a lower overall electricity demand, as result of the economic crisis (Roumpos
et al.,, 2018).

As regards installed capacity, Table 2 presents the evolution of installed capacity by fuel in Greece the
past 3 years, based on Monthly Energy Balance Reports of the Transmission System Operator - ADMIE S.A.
(ADMIE, 2016; 2017¢; 2018). As shown, a slight drop in the lignite installed generation capacity was noted
between 2015 and 2016, by 3%, while also the final closure of the oil generation units of PPC (730 MW)
took place. For the same period, installed generation capacity of RES presented a small increase (by 2%),
while also a higher increase of RES installed capacity (of 5%) was noted between 2016 and 2017.1n 2017,
RES amounted to a total of 5,138 MW, which is the result of the increase in wind farm capacity. Moreover,
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hydropower plants increased their installed capacity by 5% between 2016 and 2017. In 2017, the total
installed capacity, including renewables, reached 17,128 MW.

N

Electric Energy (GWh)
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slignite WOl wHydro =Naturalgas @Wind =PV wuCHP =Biomass lNelImportsJ

Figure 3. Evolution of electricity generation by fuel in the Interconnected System of Greece since 1972,
including the net result of imports-exports (Roumpos et al.,, 2018).

Table 2. Installed capacity by type of fuel in Greece (ADMIE, 2016; 2017¢; 2018)

Installed Installed Installed
FUEL Capacity Capacity Capacity
2015 (MW) 2016 (MW) 2017 (MW)

Lignite 4,462 4,337 4,337
Natural Gas 4,642 4,482 4,482
Oil 730 0 0
Hydro 3,017 3,017 3,170
RES+ high eff. CHP 4,763 4,871 5,138
TOTAL 17,615 16,708 17,128

Renewable Energy Production in Greece

As shown in Table 3 and Figure 4, the installed capacity of RES units (excluding large hydroelectric plants)
is constantly increasing since 2012, with a total increase of 64% within 7 years (2012 - 2018), mainly due
to the installation of new biomass units and the installation of new wind power plants. At the end of 2018,
the installed capacity of RES units amounted to 5828 MW, showing an increase of 5.5% compared to 2017.
The new biomass units added a capacity of 21 MW (33.9% increase compared to 2017) and the new wind
power plants a capacity of 235 MW (increase of 9% compared to 2017), as shown by the breakdown by
technology. In fact, as regards the two technologies (wind power plants and biomass/biogas stations), a
stable investment activity in these sectors seems to have been established since 2017.
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Furthermore, it should be noted that, in the light of a change in the institutional framework with the Law
4414/2016, a remarkable increase in the development of small hydroelectric stations started appearing
in 2017, with an increase of their installed capacity by 3.4% compared to 2016, as well as an increase of
3.9% in the period 2017-2018. As regards PV technology, the installed capacity of PV units increased by
40 MW in 2018 (1.8% compared to 2017), due to the completion of many projects of the pilot competitive
process (which was carried out by RAE at the end of 2016) and to the inclusion of the selected projects in
the country’s electrical system.

Table 3. Installed capacity of RES units (MW) - excluding big hydroelectric plants - between 2012 and
2018 (RAE, 2018; DAPEEP, 2013; 2014; 2015; 2019).

2012 2013 2014 2015 2016 2017 2018

Biomass 45 47 47 52 58 62 83
small Hydro <10 MW 213 220 220 224 223 231 240
PV on roofs <10 KW 298 373 375 376 375 375 375
PV 1,238 2,210 2,221 2,229 2,230 2,230 2,270
Wind 1,753 1,810 1,978 2,089 2,370 2,625 2,860
TOTAL 3,547 4,660 4,841 4,970 5,256 5,523 5,828

Installed capacity of RES units excluding Large
Hydroelectric plants (MW)

® Wind
' :
1 o

PV on roofs <10 KW
* Small Hydro <10 MW

* Biomass

2012 2013 2014 2015 2016 2017 2018

Figure 4. Installed capacity of RES units (MW) excluding large hydroelectric plants between 2012 and
2018 (RAE, 2018; DAPEEP, 2013; 2014; 2015; 2019).

Regarding the RES mix, as expressed by the installed capacity (MW) per technology, the PV stations have
lost the leading position they had gained since 2013, and up to 2016. At the end of 2018, wind stations
covered the greatest part of the total installed capacity of RES units, representing 49% of the total capacity,
while PV stations (including PV on roofs) were ranked second, representing 45% of the total installed
capacity. The smallest percentages are preserved by biomass stations and small hydroelectric stations,
representing 1.4% and 4% of the total installed capacity of RES in 2018, respectively. The total electricity
generation from RES units (excluding large hydroelectric plants) is also steadily increasing since 2012, mainly
due to the installation of new biomass units and the installation of new wind power plants, with a total
increase of 73% within 7 years (2012 - 2018). Especially for 2018, the increase of RES installed capacity
by 5.5% compared to 2017 was accompanied by an increase in electricity generation by 7%. Only in
2014, total RES generation decreased (by 4% compared to 201 3), mainly due to lower generation levels
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of wind power plants. Moreover, generation of small hydroelectric stations in 2017 decreased by 19%
compared to 2016, due to significantly lower annual precipitation levels.

Current situation of energy consumption in Greece

In terms of the structure of the gross energy consumption per fuel, the most important change having taken
place in Greece was the introduction of natural gas in the energy system in 1996, initially for electricity
generation and then in final consumption sectors. As a result, oil products’ share in the gross energy
consumption decreased. Nevertheless, oil products still remain the main energy form in the Greek energy
balance, mainly due to the dominance of oil in transportation and heating sectors (Mirasgedis et al., 2017).
Similarly, the solid fuels’ share (mainly lignite for electricity generation) presents a decreasing trend the last
decade. The RES share consisted largely of biomass and hydropower until 2005, while the introduction
initially of wind and then of photovoltaic energy in the energy mix started to become significant, exceeding
10% of the total gross and final energy consumption, in 2017.

Final energy consumption

Figure 5 shows the evolution of the final energy consumption in Greece by type of fuel (solid fossil fuels, oil
and petroleum products, natural gas, electricity, renewable energy, etc.) during the last decade. The term
‘final’ refers to end-users, i.e. industry, transport, households, services and agriculture. The overall energy
consumption presents a constant decreasing trend until 2013, reflecting the effect of the economic crisis of
the country. The largest decrease within the 8-year period examined (2006 — 2013) was noted in fossil
fuels and oil-petroleum products (decrease by 47% and 42%, respectively), while, conversely,
consumption of natural gas and renewable sources, although with some variations, generally increased
during the same period (increase by 32% and 21%, respectively). However, the decreasing trend of
energy consumption has been reversed since 2014, and up to 2017. This period (2013 - 2017) was
mainly characterized by an increase in consumption of natural gas and renewable sources (by 30% and
25%, respectively). In general, liquid fuels and electricity are the main forms of energy consumed in Greece
(52% and 29%, respectively for 2017), while also the RES share is constantly increasing.

Final energy consumption by type of fuel (KTOE)

2006 2007 2008 2009 2010 2011 2012 2013

* Oil and petroleum products (excluding biofuels) * Natural gas
® Renewables and biofuels * Electricity

® Solid fossil fuels * Rest

Figure 5. Evolution of final energy consumption by type of fuel in kTOE (Eurostat, 2019).
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Share of renewable energy in energy consumption

Figure 6 depicts the evolution of the share of renewable energy in gross final energy consumption the last
14 years, an indicator that measures how extensive the use of renewable energy in the country is. It is
calculated on the basis of data collected in the framework of Regulation (EC) No 1099/2008 on energy
statistics and complemented by specific supplementary data transmitted by national administrations to
Eurostat (Eurostat, 2019). As shown, the use of renewable energy has dynamically entered energy markets
in Greece. The share of renewable energy presents a constant increase since 2004, reaching 17% in 2017
versus 6.9% in 2004 (increase by 147% between 2004 and 2017), approaching -to some degree- the
European 20-20-20 target of increasing the share of renewable energy in gross final energy consumption
to 20% by 2020, according to Directive 2009/28 /EU (18% set for the case of Greece). As a result, the
policy line of substituting fossil fuels by renewable fuels and contributing to the decarbonization of the EU
economy has developed to a large extent in Greece, especially during the last decade.

Share of renewable energy in gross final energy
consumption (%)

16]95
587 1539 1208

1346 15,01
9,81 10,89

848 ¥
813 7,99 2
6,88 7,92 7,}8 £ -

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

w— Greece EU (28 countries)

Figure 6. Evolution of share of renewable energy in gross final energy consumption (Eurostat, 2019).

Electricity consumption

The evolution of electricity consumption over the last 6 years (2013-2018) in Greece is presented in Table
4, per voltage category (low-medium-high voltage) and per customer category of the Interconnected System
of the country. As shown, a continuous decreasing trend is marked during the period 2013-2016, a fact that
is indisputably linked with the serious economic crisis of the country, with the drop of consumption being more
intense in Low Voltage category (LV), i.e. households and professional customers up to 250 KVA. This trend
was reversed in 2017, as energy consumption increased in almost all customer categories but, only
temporarily, as it dropped again in 2018. Especially for 2018, electricity consumption reached 45898
GWh, marking a slight decrease (by 2%) compared to 2017 levels, according to data of the Hellenic
Electricity Distribution System Operator (DEDDIE S.A.) for the middle voltage category (MV) and LV, and
the Monthly Energy Balance Report (December 2018) about the Transmission System Operator (ADMIE S.A.)
for HV (RAE, 2019). As a “rule of thumb”, we can bear in mind that the total electricity consumption in
Greece, of both the Interconnected System and the Non- Interconnected islands, is about 50 TWh.

Page 7


http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32008R1099
http://ec.europa.eu/eurostat/web/energy/data/shares

Study on Renewable Energy Sources in the Aoos basin — beyond hydropower exploitation

Table 4. Evolution of electricity consumption per customer category in the Interconnected System of
Greece, 2013-2018 (RAE, 2019).

Large Household Small Industrial & Oﬂ.‘er (e.g.

Year industrial customers Commercial Customers agrlcultu r?’ Total

public, traction)  (GWh/ year)
customers (GWh/ year) (GWh/ year) (GWh/ year)
(GWh/year)

2013 - 15,973 9,560 3,640 29,173
2014 - 15,569 9,523 3,735 28,827
LV 2015 - 15,817 9,245 3,277 28,339
2016 - 15,048 9,192 3,385 27,625
2017 - 15,651 9,344 3,285 28,280
2018 - 14,767 9,324 2,983 27,074
2013 - - 8,904 1,487 10,391
2014 - - 8,179 1,477 9,656
2015 - - 8,351 1,473 9,824
MV 2016 - - 8,643 1,478 10,121
2017 - - 8,764 1,536 10,300
2018 - - 9,049 1,486 10,535
2013 6,599 - - 1,168 7,767
2014 6,702 - - 1,314 8,016
HV 2015 6,805 - - 1,150 7,955
2016 7,062 - - 1,115 8,177
2017 7,268 - - 1,028 8,296
2018 7,351 - - 937 8,288
2013 6,599 15,973 18,464 6,295 47,331
2014 6,702 15,569 17,702 6,526 46,499
TOTAL 2015 6,805 15,817 17,596 5,900 46,118
2016 7,062 15,048 17,835 5,978 45,923
2017 7,268 15,651 18,108 5,849 46,876
2018 7,351 14,767 18,374 5,407 45,898

Main aspects of the energy policy in Greece

Greece, as a member of the EU, has built its energy strategy and policy upon the main pillars of the EU
energy policy.

The 20-20-20 targets and the European Strategy for 2030 and 2050 (Energy Roadmap 2050)

In 2007, EU leaders endorsed an integrated approach to climate and energy policy that aimed to combat
climate change and increase energy security, while also strengthening its competitiveness. As a result, the
Directive 2009 /28 /EC of 23 April 2009 particularly promotes the use of energy from renewable sources,
amends and subsequently repeals Directives 2001 /77 /EC and 2003/30/EC (LSE, 2019). In 2008, the
European Commission proposed binding a legislation to implement the well-known 20-20-20 targets.
This “climate and energy package” became law in 2009. The 20-20-20 targets include:

=  Reduction of EU GHG emissions by at least 20% below 1990 levels by 2020

= 20% of EU energy consumption to come from renewable resources by 2020

= 20% reduction in primary energy use compared with projected levels, by improving energy
efficiency

The EU committed to reduce its emissions to 30% by 2020, on condition that other major emitting countries
commit to do their fair share under a global climate agreement. Member States agreed to limit GHG
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emissions between 2013 and 2020, according to a linear trajectory with binding annual targets. This would
ensure a gradual move towards the 2020 targets, in sectors where changes take time to implement, such as
buildings, infrastructure and transportation. To increase the cost-effectiveness of policies and measures,
Member States were allowed to deviate from the linear trajectory to a certain degree (LSE, 2019).

The Renewable Energy Directive sets the following targets:

= At least 10% share of renewables in the final energy consumption in the transportation sector by

2020
= The biofuels and bio-liquids should contribute to a reduction of at least 35% of GHG emissions in
order to be recognized. From 2017, their share in emissions savings should be increased to 50%.

The European Commission, after adopting the Energy and Climate Package for 2020 and the relevant
Directives and Decisions, proceeded, on the 24th October 2014, to adopt a new set of important decisions
aiming at a further decrease in greenhouse gas emissions and at the reform of the energy sector until 2030.
Specifically, the following main targets were set (Mirasgedis et al., 2017):

= A binding target to decrease greenhouse gas emissions at EU level by at least 40% in 2030
compared to the 1990 levels. This target will be collectively achieved by the Member States (the
decision does not include national targets), with further interventions both in the Emissions Trading
System sectors (which are expected to reduce emissions by 43% in 2030 compared to 2005), as
well as in the sectors not included in the Emissions Trading System (by aiming at a 30% decrease in
emissions compared to 2005).

= A binding target for RES share in the energy mix at EU level by at least 27% in the gross
final energy consumption in 2030. For the time being, there is no target per Member State, although
there are relevant consultations in progress, and this is expected to take place in the near future.

®=  An indicative target for the improvement of the energy efficiency at EU level by at least 27% in
2030, compared to a reference scenario. This target can be increased to 30% during the ongoing
Efficiency Directive reform process.

A set of decisions and directive amendments are planned in order to achieve the targets, so as to define in
greater detail the changes that will have to be made in the various sectors of the energy system economy
towards this direction. Specifically, as regards the Emissions Trading System, the proposal to amend the
Directive includes the following (Mirasgedis et al., 2017):

= A 2.2% decrease in the maximum number of emission allowances that can be issued on an annual
basis as of 2021 and 1.74% afterwards, in accordance with the 3 period of the EU Emissions
Trading System, until 2020.

= A reform of the rules for addressing the problem of carbon leakage. Specifically, the following
measures are prescribed: focusing on the free distribution of emission allowances in the sectors with
the highest risk of relocating their production outside the EU, granting a significant number of free
allowances to new and developing facilities, improving the correlation between the freely
distributed emission allowances and the production levels, as well as updating the benchmarks in
order to take into account the technological innovations of the past decade.

®=  The adoption of supporting mechanisms so that the industry and electricity generation sectors can
proceed to the necessary innovations and investments for the transition to a low carbon emission
economy. Within this framework, two new funding mechanisms are proposed: (a) the innovation fund,
with approximately 400 million for allowances, in order to demonstrate innovative technologies in
the industry (this includes RES and carbon capture and storage) and (b) the modernization fund, with
approximately 310 million allowances, in order to facilitate the modernization of the electricity
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generation sector and, in general, energy systems, as well as the promotion of energy efficiency in
the 10 poorest EU Member States (for the time being, these do not include Greece).

As regards the greenhouse gas emissions in the sectors outside the EU ETS (buildings, transportation, waste,
agriculture, etc.), the European Commission proposed specific targets per Member State, as part of
formulating the relevant Regulation?. For Greece, there is a requirement for a mere 16% decrease in 2030
compared to the 2005 levels. As far as the RES targets are concerned, Directive 2009/28/EC is under
revision. The achievement of the 27% RES penetration in the gross final energy consumption of the EU in
2030 is expected to lead to a 50% RES penetration in electricity generation. No targets have been
set per Member State. However, the Staff Working Document® of the European Commission contains
indicative targets per Member State and for various scenarios/criteria for the necessary effort sharing.
According to these, the RES penetration in the gross final energy consumption for Greece in 2030 ranges
between 26% and 34%, amounting to 30% in the reference scenario (Mirasgedis et al., 2017).

Particular emphasis is attributed to the promotion of RES in the heating /cooling sectors, to the promotion of
next generation biofuels, electricity, hydrogen and renewable synthetic fuel in transportation, the limitation
of the role played by traditional biofuels that compete in terms of food availability, as well as to the
promotion of self-generation. Moreover, there is an intention to fully integrate the internal energy market
by facilitating the construction of interconnection projects, particularly in energy isolated areas, such as
Greece, Cyprus and Malta. The target for 2030 is a 15% electrical interconnection between Member States.
Finally, as far as energy efficiency is concerned, in November 2016, the European Commission proposed
the adoption of a binding target for improving the energy efficiency at EU level by 30% by 2030. This
new target is part of a proposal by the European Commission to amend the Directive on energy efficiency.
Specifically, the proposed policies to achieve the target include the following (Mirasgedis et al., 2017):

= An annual decrease in energy sales at a national level by 1.5%

=  Energy renovations carried out by the Member States in at least 3% of the buildings owned and
used by the central government

= Compulsory use of an energy efficiency certificate during building selling and renting

= Development of National Energy Efficiency Plans every 3 years

= Installation of 200 million smart electricity meters and 45 million smart gas meters

= Energy inspection of large enterprises every 4 years

=  Protection of consumers rights for easy and free access to current and past energy consumption
data

All the aforementioned targets for 2030 are integrated in the Roadmap adopted by the EU for the
development of a low carbon emission economy by 2050. In particular, the EU Roadmap aims at decreasing
the greenhouse gas emissions in 2050 by 80% compared to the 1990 levels, through the exclusive
implementation of national actions and without the utilization of international coal markets. For this reason,
it will be necessary to apply suitable policies and measures in all Member States and in all sectors.

Specifically, according to Mirasgedis et al. (2017):

2 Regulation of the European Parliament and of the Council on binding annual greenhouse gas emission reductions by Member States
from 2021 to 2030 for a resilient Energy Union and amending Regulation No 525/2013 of the European Parliament and the Council on
a mechanism for monitoring and reporting greenhouse gas emissions and other information relevant to climate change
http://eur-lex.europa.eu/legal-content /EN/TXT/HTML/2uri=CELEX:52016PC0482&from=EN

3 Staff Working Document (2016) 418 Final.
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The emissions from the electricity generation sector may be eliminated by 2050, despite the
requirement fo cover additional energy loads in transportation and heating.

In the transportation sector, emissions will have to be decreased by over 60% in 2050 compared
to 1990. The main interventions are penetration of energy-efficient vehicles and biofuels, as well as
the partial electrification of the sector.

In the building sector, the decrease in emissions will have to reach a 90% level through the
construction of passive house standard buildings, the renovation of the existing building stock and
the integration of RES technologies into them.

Decreases in emissions in the order of 80% will also be required by energy intensive industries
through the application of more efficient and cleaner technologies.

The case of Greece within the frame of EU energy policy

The overall targets of the European Union for 2020 have been specialized and broken down among the

Member States, through relevant decisions adopted. Particularly for Greece, the targets prescribed as part

of the climate-energy set of measures for 2020 are as follows (Mirasgedis et al., 2017):

In accordance with Decision No 406/2009/EC (on the effort of Member States to reduce their
greenhouse gas emissions to meet the Community’s greenhouse gas emission reduction commitments
up to 2020), by 2020, Greece will have to reduce the non-ETS emissions by 4% compared to the
2005 emissions.

Directive 2009/28/EC (on the promotion of the use of energy from renewable sources and
amending and subsequently repealing Directives 2001 /77 /EC and 2003/30/EC) prescribes that
the RES share in the final gross energy consumption in 2020 will have to amount to 18% for Greece.
The same Directive prescribes that "Each Member State shall ensure that the share of energy from
renewable sources in all forms of transport in 2020 is at least 10% of the final consumption of
energy in transport in that Member State".

In accordance with Directive 2012/27/EU (on energy efficiency, amending Directives
2009/125/EC and 2010/30/EU and repealing Directives 2004 /8 /EC and 2006/32/EC), Greece
set the target for energy consumption not to exceed 24.7 Mtoe in 2020 (primary energy
consumption) or 18.4 Mtoe (final energy consumption).

Law 3851/2010, with which Greece integrates Directive 2009 /28 /EC into the national legislation, sets the
following national targets for RES penetration (Article 1, paragraph 3):

20% share of energy generated by RES in the gross final energy consumption. This is a more
ambitious target compared to the provisions of Directive 2009 /28 /EC (18% RES share).

At least 40% share of electricity generated by RES in the gross energy consumption.

At least 20% share of energy generated by RES in the final energy consumption used for heating
and cooling.

At least 10% share of energy generated by RES in the final energy consumption in the transportation
sector (adopting the relevant target of Directive 2009 /28 /EC).

Table 5 shows the achievement rates of the aforementioned national targets.
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Table 5. Progress towards meeting national targets for 2020 (2005-2017) regarding RES penetration
and limitation of GHG emissions (Eurostat, 2019)

RES share Primary GHG
Year Grossfinal  Transporta@on Hea@ng&  Electricity energy emissions
consump€yon Cooling generagon  consump@on °“tséfli_: the
(%) (%) (%) (%) (Mtoe) (Mt COz eq)
2005 7.02 0.05 12.76 8.21 30.11 62.08
2006 7.18 0.73 12.42 8.92 30.08 5957
2007 8.13 1.26 14.37 9.33 30.15 59.45
2008 7.99 1.06 14.22 0.65 30.31 5912
2009 8.48 1.10 16.52 11.02 29.26 58.11
2010 9.81 1.91 17.92 12.31 27.05 55.79
2011 10.89 0.59 19.45 13.81 26.49 53.84
2012 13.46 0.90 23.44 16.36 26.33 4816
2013 15.01 0.97 26.54 21.24 5333 44.18
2014 15.37 1.31 26.99 21.92 23.08 44.41
2015 15.39 1.08 25.76 22.09 S A
2016 15.08 1.61 24.57 22.66 22 84 44.90
2017 16.95 4.00 26.57 24.48 23.12 44.25
Target 18.00 10.00 20.00 40.00 24.70 61.24
(2020) (20% from
Law
3851/2010)

At this stage, no long-term energy planning for Greece has been officially adopted. The last attempt to
elaborate a long-term plan dates back to 2012, when there was a public consultation on the Roadmap
2050 by the then Ministry of Environment, Energy and Climate Change (YPEKA, 2012). Although this plan
was never officially adopted by the Greek state, it still includes a set of scenarios for the evolution of the
Greek energy system during the period until 2050. This specific plan will be discussed in the next chapter,
with particular emphasis on the role of hydropower.

The Roadmap 2050 integrates the National Action Plans for Renewable Energy Sources and Energy
Efficiency, which for the period aimed at a 20% RES penetration in the gross final energy consumption until
2020 and a 4% decrease in the non-ETS greenhouse gas emissions compared to 2005. Besides the future
evolution of the energy system, the Roadmap 2050 also presents the evolution of the greenhouse gas
emissions until 2050. Three (3) main groups of scenarios for the evolution of the energy system have been
developed (Mirasgedis et al.,, 2017):

= The "Existing Policies” Scenario (EP Scenario) assumes a conservative policy implementation for
energy and the environment. It foresees a medium limitation of greenhouse gas emissions by at least
40% until 2050, compared to 2005. It also foresees a medium level of RES technology penetration
and energy savings as a result of its conservative implementation policies.

» The "RES Maximization Measures" Scenario (RESMM Scenario) assumes RES maximum penetration at
a 100% level in electricity generation and at a much larger scale overall, aiming at reducing the
greenhouse gas emissions by 60%-70%, with high energy savings in buildings and transportation.
The same scenario is examined in combination with electricity imports that will result in a cost
decrease in the electricity sector due to the lower investments and purchase of electricity at lower
prices (RESMM-a Scenario).
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»  The "Minimum Cost Environmental Measures” Scenario (MCEM Scenario), where the energy
technologies’ mix is selected based on the minimum cost policy for a 60-70% decrease in the
greenhouse gas emissions, combined with high energy savings in buildings and transportation. The
RES penetration level is quite high but does not exceed 85% in electricity generation due to a
limitation in the required storage units. Based on the assumptions formed for the MCEM Scenario, an
alternative scenario is also examined (MCEM-a Scenario), which assumes that, during the period
2035-2040, the carbon capture and storage technology (CCS) is integrated in two of the existing
(and newest) steam-electric power stations using lignite (1.1GW power). This alternative scenario
actually examines the possibility of extending the presence of domestic solid fuels in the electricity
generation system.

Considering the abovementioned, it seems that further use of RES and great decrease in greenhouse gas
emissions are priorities of Greek energy policy. The official long-term energy planning of the country, which
will be issued within 2020 unexpectedly, will provide more certain targets and data. Nevertheless, RES will
be at the forefront of Greek energy policy.

Electricity production in Greece has been based mostly on lignite until the beginning of
the 215t century. After 2006, when RES started to develop rapidly, the electricity mix of
the country has changed significantly. Nowadays, about one fourth of the country’s
electricity is produced by RES and 8% of the electricity comes from big hydropower
plants (with capacity more than 15%), which are not operating like the other RES
technologies. About one fourth of heating energy demand is also covered by RES. The
economic crisis resulted in decrease in energy consumption. Following the EU energy
targets, mostly oriented to greenhouse gas emissions decrease, Greece will further
develop RES for the next 30 years. It seems that big hydropower projects will not be
part of this effort for increasing the share of RES in energy consumption.
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HYDROPOWER IN GREECE

In this Chapter the main aspects related to hydroelectrical energy in Greece are presented. More
specifically, the development and present status of big and small hydroelectric plants is discussed. Some
major impacts of hydroelectric power plants are analyzed, as well as social reactions against dam
constructions. Finally, the role of hydropower in the country’s energy strategy is presented.

Hydroelectric Energy Development in Greece and basic facts

Between 1927 and 1931 the first energy units, based on hydraulic energy, started operating in Greece;
Glafkos (Peloponnese), Vermio (Western Macedonia), Ayia Chanion (Crete), and Agios loannis Serron
(Central Macedonia). The total installed capacity of those units was 6 MW. After the foundation of the Public
Power Corporation of Greece (DEl) in 1950, the electricity production in the country was based on two
strategic pillars; thermal power station fired by lignite and big hydroelectric plants. Besides, lignite and
water are the main “domestic fuels” of Greece and their exploitation was a central political strategy,
supported not only by the conservative governments of the ‘50s and ‘60s, but also from progressive
intellectuals (Batsis, 1977). Hence, until 1970, more than 1,000 MW of hydroelectric capacity were installed
and until 1990 the total installed hydroelectric capacity of Greece exceeded 2,200 MW. After the decade
of 1990, the growth rate of hydropower in Greece slowed down. The last, big hydroelectric unit was
completed in 2012 (the one of llarionas, in river Aliakmonas, in the Region of Western Macedonia) and the
total installed capacity of big hydropower stations is now 3,172.7 MW (Mamassis & Koutsoyannis, 2019).
This is an important share, almost 30%, of the total installed electricity production capacity of the country,
regarding conventional energy sources?. Big hydro plants in Greece cover, in average, 9% of the total
electricity consumption.

The European and national energy policy targets have led to the rapid development of RES in Greece,
especially after 2006. The RES targets include small hydroelectric power stations and not big hydroelectric
stations. According to the standards applied in Greece, a small hydropower station must have installed
capacity less than 15 MW (Mamassis et al.,, 2018). However, the RES technologies that were mainly
developed in Greece, so far, are photovoltaics and wind generators. The small hydroelectric units
represented 4% of the total RES capacity (Figure 9), in August 2019, and they produced 7% of the total
RES energy (Figure 10), between January and August 2019 (DAPEEP, 2019). The energy production of
small hydro plants covers about 1.5% of the total electricity consumption of the country. The growth rate of
small hydroelectric plants in Greece is also considered rather low, especially when compared to other forms
of RES. More analytically, the installed capacity of small hydro increased by 33% between 2009 and
2019, while the capacity of wind generators increased by 218% and the capacity of photovoltaics by
3,054%.

As shown in Table 6, although the installed capacity of big hydro plants is rather high in Greece, the capacity
factor is low (17%), almost half compared to the European average?®. It is noted that the capacity factor is
defined as the ratio of an actual electrical energy output over a given period to the maximum possible
electrical energy output over that period. The low capacity factor of big hydropower plants in Greece is,
generally, related to the fact that they have been designed for covering the peak loads of electrical energy
demand. The capacity factor of small hydro plants is significantly higher. For the period 2016-2018, it was,
in average, 34% (DAPEEP, 2016; 2017; 2018). It even exceeded 70% during some months characterized

4 As conventional energy sources for electricity production are considered thermal power stations (fired by

lignite or natural gas) and big hydroelectric plants.
5
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by plentiful water potential, but it was less than 15% during some dry months (Figure 11). Compared to

other forms of RES, small hydro plants have higher capacity factor than wind farms (26%) and photovoltaics

(17%) and lower than biomass units (52%). The standard deviation of small hydro plants’ capacity factor,

as well as the difference between its the maximum and minimum values are the higher among the other RES

technologies.

Table 6. The big hydroelectric power stations of Greece in operation (Dimolikas, 201 8).

. Average
Power Location Installed . .
. . . annual Operating Capacity
No. Station (Region/ capacity . .
Name Regional Unit) (MW) production since Factor
g (GWh)
1 Agras Central 50 35 1954 8%
Macedonia/
Pella
2 Ladonas Peloponnese/ 70 260 1955 42%
Arkadia
3 Plastiras Thessaly/ 130 198 1962 17%
Karditsa
4 Kremasta W. Greece/ 437 848 1966 22%
Aitoloakarnania
5 Kastraki W. Greece/ 320 598 1969 21%
Aitoloakarnania
6 Edesseos Central 19 25 1970 15%
Macedonia/
Pella
7 Polifito W. Macedonia/ 375 420 1974 13%
Kozani
8 Pournari | Epirus/ Arta 300 235 1981 9%
9 Sfikia Central 315 380 1985 14%
Macedonia/
Imathia
10 Asomata Central 108 130 1985 14%
Macedonia/
Imathia
11 Thisavros E. Macedonia/ 384 440 1988 13%
Drama
12 Stratos | W. Greece/ 150 225 1989 17%
Aitoloakarnania
13 Platanovrissi E. Macedonia/ 116 240 1989 24%
Drama
14 Piges Aoou Epirus/loannina 210 165 1990 9%
15 Pournari Il Epirus/ Arta 33 45 1998 16%
16 llarionas W. Macedonia/ 165 330 2012 23%
Kozani
TOTAL 3,182 4,574 AVERAGE 17%
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Figure 7. View of Glafkos small hydroelectric unit, one of the oldest hydropower plants of Greece, which
is still in operation. (Georgitsis & Sinnis, 2010)

Figure 8. View of llarionas dam and reservoir; the last big hydropower station founded in Greece?®
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Share of Technologies in the total RES capacity

PV stations Rooftops PV ® Wind Farms Small Hydro Biomass
2%

4%

Figure 9. Percentile share of renewable technologies capacity in Greece (DAPEEP, 2019)

Share of Technologies in the total RES production

PV stations Rooftops PV Wind Farms Small Hydro Biomass

Figure 10. Percentile share of renewable technologies energy production in Greece (DAPEEP, 2019).
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Monthly Capaciy Factors of various RES

HYDRO - = WIND BIOMASS

average HYDRO average PV — — — average WIND AVERAGE BIOMASS

Figure 11. Monthly capacity factors of small hydro, photovoltaic, wing and biomass energy units in Greece
for the years 2016, 2017 and 2018 (DAPEEP, 2016; 2017; 2018).

Impacts and social reactions caused by hydroelectric dams in Greece;
some major case studies

Kremasta lake and dam

The lake of Kremasta was created after the construction of the Homonymous dam in 1966 in the Acheloos
river, as water reservoir for the hydroelectric station. The dam is the biggest in Greece (height 153m)
and the lake is the biggest artificial lake in the country (4.7 billion m3). The power station is the one with the
highest installed hydroelectric capacity in the country (437 MW). The landscape in the area of the
lake is particularly beautiful and the lake is popular among inhabitants and visitors of the Aitoloakarnania
and Evrytania regional units. However, such a major construction could not be free from great impacts. The
river basin of Acheloos changed dramatically in a location, where three tributaries (Agrafiotis,
Tavropos, Trikeriotis) join the main river. The creation of the Kremasta lake changed, totally, the life in a
broad area. Some basic issues are summarized below (Ismailidou, 201 1; Kotsias, 201 3):

= 20 villages were flooded, and their inhabitants were forced to migrate. It is estimated that more
than 2,000 people abandoned their homes.

= The land use of 90 km? of land was changed, in total, due to the creation of the lake. Among them
many pieces of arable land, mainly used for olive trees and citrus trees cultivation.

= Some important monuments were flooded: the byzantine monastery of Episkopi (8" century AD); the
stone bridge of Manolis (1659) that connected the two banks of Agrafiotis river”; the stone bridge
of Tatarna (17" century AD) that connected Evrtytania and Aitoloakarnania and was characterized
by special stone technique8.
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®= A major spring (Mardacha) was covered by the lake. This was a plentiful spring of potable water
that also contributed to the river flow, especially during the summer.

Another important fact is the earthquake that happened in 1966 (magnitude 6.2R) and caused the death
of 1 person, the wounding of 60 and the demolition of 750 houses. This earthquake, not a usual phenomenon

in this area, was related to the filling of the Kremasta lake, after the completion of the dam (Papazachos,

1997).
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Figure 13. Photo of the Byzantine Monastery of Episkopi, covered now by the Kremasta lake 1°
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Figure 14. View of the Manolis bridge, which is partly revealed when the level of Kremasta lake drops
during the summer !

Plastiras lake and dam

This lake is the water reservoir for the Plastiras hydroelectric unit and provides water for the town and the
plain of Karditsa. The dam has been built near the springs of Tavropos river. The lake is surrounded by
impressive mountain masses. The beautiful landscape has made the Plastiras lake synonymous with mountain
tourism in Greece. However, the creation of this beautiful lake and its use have caused significant impacts
and changes in the broader area. More specifically:

= A small plain, the plain of Nevropoli with a total area of 24 km2 was flooded by the lake. This was
the main arable area utilized by the local societies. The creation of the lake changed the economy
of the area and made many people from the s