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Implications of the integration
of renewable energies into the electricity
market of Greece
U. Bachhiesl OVE, P. Kakavas, G. Feichtinger, R. Gaugl

The main purpose of this paper is a comprehensive investigation of the Greek electricity production and transmission system with a
focus on the integration of renewable energy sources. A techno-economic model of the Continental European electricity sector called
ATLANTIS is used to analyse the development of the Greek power system. Several different projections—including national, ENTSO-E
and European scenarios—have been investigated and the officially published national development strategy of Greece until 2027 has
been chosen for the simulation. Starting with the modelling of the technical system, that considers a pre-defined development path
for the power plant park and the transmission grid, several techno-economic investigations are performed. These include the effects of
an increasing electricity demand on the electricity production with respect to several technologies, the imports, the load flows and the
CO2 emissions. Additionally, the age structure and the value of the power plant park are analysed. The results illustrate a remarkable
shift from a fossil fuel dominated electricity structure to an electricity system with a high share of renewable energies. The integration
of the wind power and solar/PV production capacities requires a corresponding enhancement of the Greek transmission grid including
several new cross-border connections to the neighbouring countries. Therefore, all important transmission grid projects based on the
TYNDP and the national grid operator have been included in the physical transmission system, which covers long distance connections
between the islands and the mainland as well as connections between the islands themselves by using also the HVDC technology.
Furthermore, it is shown that due to the reduced lifetime of the RES technologies compared to the fossil-fuelled and the hydro power
plants the up-coming re-investment cycles have to be planned carefully. Finally, the paper closes with a comprehensive discussion of the
outcomes and gives an outlook of the ongoing and the future works, which cover e.g. a stronger linkage of the whole Mediterranean
electricity systems to the European transmission grid according to a European energy strategy.
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1. Introduction
The reduction of greenhouse gas (GHG) emissions due to reduce the
climate change is of utmost importance in the energy sector. Since
the first energy strategy of the European Union (EU) climate protec-
tion has been one of the major pillars also in the following strategies.
Aside the well-known 2020 targets [1], the EU has also already for-
mulated targets for the energy sector up to the year 2030 [2] and
even a long-term perspective up to the year 2050 [3]. Main elements
of the energy strategies comprise e.g. energy efficiency measures as
well as the rise of the share of renewable energies (RES) in the en-
ergy system. Until 2030 the EU wants to realise the following targets
that include (i) a 40% cut in greenhouse gas emissions compared to
1990 levels, (ii) a 27% share of renewable energy consumption and
(iii) 27% energy savings compared to the business-as-usual scenario.
Moreover, the long-term goal until 2050 foresees a reduction of the
GHG-emissions up to 85–90% until 2050, which means nearly a
decarbonisation of the energy system.

These targets have to be broken down to the national level for
every single member state. This paper deals with the implications
of the integration of renewable energies into the electricity mar-
ket of Greece. Up to the year 2020 in total 18% of total energy
consumption should be produced by renewable sources. Regarding
the development of the Greece electricity economy, several targets
and development scenarios exist. The leading electricity company of
Greece—Public Power Cooperation—developed a strategy until the
year 2027 [4, 5]. The European Network of Transmission System Op-
erators for Electricity (ENTSO-E) published four visions for the devel-

opment of the European electricity system until the year 2030 [6, 7].

In 2016, the EU published a reference scenario for the development

of the European energy sector until the year 2030 and 2050 [8].

Figure 1 compares the national strategy until 2027 and several

other development scenarios with deviating target years for the

Greek electricity sector as a breakdown of the net installed capacities

with respect to the production technologies.

2. Methodical approach
The Institute of Electricity Economics and Energy Innovation/Graz

University of Technology (IEE) developed a techno-economic model

of the electricity sector in Continental Europe (former area of the

UCTE)—a synchronous power transmission area with a net installed

capacity of about 750 GW by the end of year 2011 and annual con-

sumption of approximately 2.600 TWh in year 2011. At the core

of the model is a database, which includes all necessary elements

of the physical system. That is the synchronous transmission grid

at different voltage levels (400 kV, 220 kV and selected 110 kV),

more than 25.000 individual power plants that are characterized by
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Fig. 1. Comparison of several published development scenarios for the Greek electricity sector (Color figure online)

Fig. 2. Development of the total installed power plant capacity in Greece (Color figure online)

different properties1 and electricity demand2 of households and in-
dustry, which is geographically downscaled and distributed to grid
nodes. Electricity trade is covered by (i) a zonal pricing market model,
which performs an implicit pan-European market coupling between
countries based on net transfer capacities (NTC) and (ii) a redis-
patch model, which applies a direct current optimized power flow
(DC-OPF) algorithm [9, 10].

3. The electricity system of Greece
ATLANTIS has been used to simulate and analyse the future devel-
opment of the electricity system of Greece. Based on an in-deep
investigation of the present Greek electricity system the model of
the Greek electricity system has been redefined. Taking into ac-

1The most important characteristics are the nominal capacity, commissioning
date, fuel type, geographical location, feed-in node, efficiency level, operating
life time, monthly productions factors and standard capacity.

2Yearly electricity consumption is represented by an hourly time series.

count the different present existing strategies, targets and scenar-
ios, a base scenario for Greece has been built until the year 2027.
This base scenario considers future potentials especially for PV and
wind power. Based on an intensive literature and internet research
along with direct information of relevant Greek institutions the data
of the Greek electricity system has been updated [11–13]. Special
emphasis has also been put on the high voltage electricity grid [14]
and the development of renewable energies—especially wind power
and photovoltaics—in Greece [15–17].

Figure 2 shows the yearly expansion of the power plant pro-
duction technologies according to the Greek national strategy until
2027. The increase in total production capacity from 15 GW in 2010
to almost 23 GW in 2027 is associated with a strong increase in RES
production technologies (mainly wind power and solar/PV) as well
as a switch from coal/oil to gas fired power stations. Overall, the
share of RES capacities increases significantly to more than 60% of
the available production capacities.

The geographical distribution of the technology-specific power
plant park in 2027 is illustrated in Fig. 3. The expansion of wind
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Fig. 3. Power plant park for RES (left), hydro (centre) and fossil fuels (right) for Greece in 2027 (Color figure online)

Fig. 4. Transmission grid of Greece in 2010 (left) (in 2010, the connections between Crete and the mainland and within the Aegean Sea are
dummy-lines with a very low transmission capacity and a high resistance to prevent isolated islands that slow down the simulation) and 2027
(right) (Color figure online)

power3 and solar/PV (left) is distributed within the evaluated areas
with high production potentials, which are generally located in the
Aegean Sea and on the island of Crete [15, 16]. Hydro power sta-
tions are placed along the major rivers, whereas the storage and
pumped storage stations are located in the mountainous regions
in Greece (centre). The fossil-fuelled power stations (right) are built
around the areas with high electricity demand like Thessaloniki and
Athens as well as on several islands in the Aegean Sea and Crete.4

Finally, the development of the Greek transmission system on the
400 kV level goes hand in hand with the massive expansion of the
RES technologies. Furthermore, it considers linkages of several is-
lands in the Aegean Sea and of Crete to the continental electricity
system as well as cross-border transmission capacities to Bulgaria
and Cyprus based on HVDC and AC transmission lines. Figure 4 il-
lustrates the corresponding grid development until 2027.

4. The ATLANTIS simulation results
According to the national strategy, the total electricity demand in-
creases from 54.246 GWh in 2010 to 74.019 GWh in 2027. How-

3Wind power considers a very low share of offshore stations due to geograph-
ical locations on small islands.

4On island systems, it is assumed that oil power stations are mostly replaced
by gas turbines that are more efficient.

Fig. 5. Greek electricity demand, domestic production and imports
(Color figure online)

ever, the ATLANTIS simulation results show only a slight increase
in total domestic electricity production due to several physical re-
strictions, which results in continuously increasing electricity imports
from some neighbouring countries. This import share raises from
12% in 2010 to 23% in 2027 (see Fig. 5).
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Fig. 6. Development of the produced energy by technology in Greece (Color figure online)

Fig. 7. Load flow at winter peak load in 2010 (left) (in 2010, the dummy transmission lines between Crete and the mainland and within the
Aegean Sea are fully utilized since they are characterized by a very low transmission capacity) and 2027 (right) (Color figure online)

A breakdown of the total produced electricity with respect to the
production technologies illustrates a high increase in RES produc-
tion and the technology switch within the fossil-fuelled production
from coal5/oil to gas until 2027. The shutdown of an outdated coal-
fired power plant increases gas-fired electricity production signifi-
cantly beginning in 2021. Figure 6 undermines the development of
the corresponding technology specific electricity production paths.

Figures 7 and 8 illustrate several load flow situations for the win-
ter and summer peak load in 2010 (left) and 2027 (right). It is also
highlighted that the high demand centres are located in the regions
of Thessaloniki and Athens, which is reflected in the corresponding
load flow directions. In 2027 the HVDC lines between the Athens re-
gion and Crete are fully utilized, which results in reduced load flows
on the AC line between Peloponnese peninsula and Crete. A trans-
mission grid expansion within the Aegean Sea reduces the critical
load flows in this region and increases the reliability of electricity
supply of the affected islands.

The new cross-border line to Bulgaria creates higher electricity
imports, since several countries of the Balkan region tend to be-
come electricity-exporting economies [18]. The southern region of

5The high share of electricity production by coal is a result of an assumed
subsidy on domestic lignite production.

Italy imports comparably cheap electricity from Greece, because the
electricity production structure in Italy is generally dependent on ex-
pensive fossil-fuelled power plants.

Figure 9 undermines the changes in the age structure of the Greek
power plant park between 2010 (left) and 2027 (right). In 2010,
the age of power plants is almost evenly distributed. Fossil-fuelled
power plants are of a higher age and close to their correspond-
ing technical life times (especially on the islands). Hydropower is al-
ready well developed, whereas the wind power starts to gain impor-
tance. In 2027, by contrast, the newly installed production capaci-
ties are dominated by RES technologies (especially wind power and
solar/PV), gas turbines (which replace outdated coal and oil power
stations) and several new hydro stations (storage and pumped stor-
age stations).

The overall value of the capital stock of the Greek power plant
park increases significantly from 5.6 bn. € in 2010 up to 12.8 bn.
€ in 2027 due to the high expansion of RES production technolo-
gies. The share of RES technologies increases from 56% up to more
than 80% (thereof 30% solar/PV, 23% pumped storage, 15% wind
power) of the capital assets. The decommissioning of old power sta-
tions and general depreciation of the power plants cause the illus-
trated reductions that are shown in Fig. 10.

Finally but worth mentioning are the effects on CO2 emissions of
the Greek electricity production system. Figure 11 shows the strong
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Fig. 8. Load flow at summer peak load in 2010 (left) (in 2010, the dummy transmission lines between Crete and the mainland and within the
Aegean Sea are fully utilized since they are characterized by a very low transmission capacity) and 2027 (right) (Color figure online)

Fig. 9. Age structure of the Greek power plant park in 2010 (left) and 2027 (right) (Color figure online)

Fig. 10. Development of the capital stock of the Greek power plant park (Color figure online)
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Fig. 11. Reduction of the CO2 emissions in the Greek power system
(Color figure online)

impact of RES technologies in terms of a remarkable reduction in
overall CO2 emissions by 42% in the Greek electricity production
between 2010 and 2027. The shutdown of on old coal-fired power
plant that leads to an increased utilization of gas-fired power sta-
tions6 causes a significant drop in the total CO2 emissions by 31%
in 2021. Furthermore, the phase-out of the oil power plants on the
main land ends by 2021, which leads to a reduction of the emissions
as well.

5. Discussion and outlook
Based on the age structure of the Greek power plant park in 2027
and the high share of RES production technologies, a shorter and
more cost-intensive re-investment cycle has to be considered in fu-
ture development strategies. This is because the RES technologies
have a significantly shorter technical lifetime of 25 to 30 years
compared to fossil-fuelled power stations (40–50 years) and hy-
dro power stations (60–80 years). However, several current inves-
tigations focus on the valuation of the existing capital stock of the
power plant park and the overall transmission grid of ATLANTIS [19].

The future expansion of RES technologies (especially for wind
power and solar/PV) after 2027 is generally located in the Aegean
Sea and on Crete based on projects that have already been permit-
ted by the Greek government. This could imply a further grid expan-
sion in this region to integrate as much RES production as possible
into the existing electricity system.

The missing HVDC-link between Crete and the Athens region
through the Sea of Crete and the Aegean Sea is a new ENTSO-
e project that has not been considered while modelling the Greek
electricity system. The consideration of this HVDC corridor would
allow a better integration of existing wind power potentials in this
area. Moreover, a potential transmission grid expansion on the island
of Crete is required to integrate all future wind power and solar/PV
projects, because the currently existing transmission lines have phys-
ical transmission limitations.

A replacement strategy for old oil-fired power plants on the Greek
islands is generally missing. Such “traditional” production technolo-
gies (e.g. more efficient gas turbines) should nevertheless be con-
sidered as backup (spare) capacities for critical situations on these
islands.

The inter-link between Greece and Cyprus is necessary in order
to achieve the Cypriote 10% (until 2020) and 15% (until 2030)

6The specific CO2 emission coefficient of gas (0.44 g/MWh) is lower compared
to coal (0.8 g/MWh).

electricity interconnection target [20]. So far, this inter-link has not
been investigated, since the implementation of the Cypriote electric-
ity system is currently ‘work-in-progress’ at the Institute of Electricity
Economics and Energy Innovation/Graz University of Technology.

Furthermore, simulations with a higher demand assumption and
a long-term character up to the year 2050 according to the pre-
sented development scenarios (Fig. 1) could be considered in future
investigations.

Finally yet importantly, the Greek electricity system as part of
the Mediterranean region is going to gain of importance due to
the planned inter-connections between Greece and Cyprus as well
as Cyprus and Israel. The latter could be part of a comprehensive
trans-continental electricity development strategy between the Eu-
ropean Union and Asia/Africa that integrates the Mediterranean
region in the long-term. The investigation of these Mediterranean
countries7 is currently ‘work-in-progress’ at the Institute of Electric-
ity Economics and Energy Innovation/Graz University of Technology
in order to expand the regional coverage of the ATLANTIS simulation
model.
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