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Abstract  
 

The human effort to continuously improve their standard of living in 

conjunction with the rapid growth of world‟s population, the reckless and the 

wasteful misuse of energy reserves threaten to lead mankind in an energy 

deadlock. In an effort to realize the size of the waste of our planet‟s available 

energy resources, we only need to point out that people have spent the last 

century stocks of raw materials and energy, which were saved and produced 

during the lifetime of our planet. The management of the energy systems in a 

proper and best way is considered to be essential worldwide.  

In this project the energy system of Greece is studied. The power 

production systems used in different sectors of life were analyzed. The study 

emphasized in the electricity production from different sources. Lignite electricity 

power plants were first introduced in the country followed by the gas power 

plants and Renewable Energy Sources (RES) installations. The deregulation of 

electricity market formed the new energy scenery of the country. 

Electricity grid reinforcements with smart metering and energy storage 

proved to be necessary in order the RES to be fully penetrated to the national 

grid, so as Greenhouse Gas (GHG) emissions to be reduced as much as 

possible. The further expansion of RES could help to cope with the barriers of 

the country‟s electrification due to singularity of hundred islands that are not yet 

interconnected to the mainland.  Analytical theory methods and numerical skills 

used to derive the appropriate data and results. 

Installed capacity of the power sources was verified as well as costs 

and polluted emissions per unit and type of sources involved. Weaknesses and 

abnormalities of the electric system were pointed out. 

Proved gains from the RES use were verified for ensuring the 

sustainability of the country‟s energy system. 
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Chapter 1 – Introduction 

1.1 Background 

All societies need energy services to meet basic human needs (e.g. 

lighting, cooking, comfort space, transportation and communication) and assist 

production processes. Since 1850, the global use of fossil fuels (coal, oil and 

gas) was increased and dominated the energy supply, which lead to a rapid 

growth of carbon dioxide emissions (CO2), (IPCC 2011a, 2011b). 

There is a continuous growth in energy demand and need for energy 

related services in order to meet the social and economic development and the 

improvement of human welfare and health. The GHG emissions arisen from the 

provision of energy services have significantly contributed to the historic 

increment of GHG concentration in the atmosphere.  

Recent information confirms that the consumption of fossil fuels is 

responsible for the majority of anthropogenic GHG emissions. Lignite is virtually 

the only fossil fuel available in Greece. Greece imports 100% of the natural gas 

and 98% of the oil consumed in the  country, with an energy dependency rate 

as high as 62.1% (2013) as  opposed to an average 53.2% for the EU-28.  The 

need to use local domestic resources and the traditionally low cost of lignite 

were the reasons why Greece back in 1950‟s turned to lignite combustion as 

the backbone of its electricity system. However, in the past few decades, a 

debate has been initiated (albeit timidly) about the country‟s transition to the 

post-lignite era, as a result of a number of factors: EU Directives on the 

reduction of CO2 and industrial emissions, the increasing public awareness of 

environmental and public health issues, the gradual depletion of the reserves, 

the introduction of natural gas in the country‟s energy mix, and the dramatic 

drop in the cost of renewable energy sources. 

The Greek energy system is characterized by the country‟s singularity 

consists of hundreds islands in the Aegean and Ionian seas, (Figure 1.1). 

 Although, the majority of the population is located at the centre of the 

country, Athens, Attica region, the initial electricity generation plants constructed 

in the north part of the country because of the existence of the fuel sources 

there. The power plants located in the north part of the country are based 

mainly on lignite use for the steam-electric power generation. The lignite is the 
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main domestic fuel that was strategically chosen by the country during the fuel 

oil crisis in decade of seventies (P.Chaviaropoulos & K.Tigas 2012). The fossil 

fuels, mainly petroleum products, were used for producing electricity in the local 

power plants of the Greek non-interconnected to the electricity system islands, 

(Figure1.2).  

    

Figure 1.1 - Greece’s map. Mainland and group of islands                                                                                                                                

(SailGreece, 2016) 

 

 

Figure 1.2 - Interconnected and non-interconnected Greek islands to the 

electric grid of mainland, (RAE, 2015)  
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 Nowadays, new efficient power plants fed by imported natural gas are 

also located in the center part of the country following the deregulation of the 

electricity market, national law 2773/99. Although, Greece with national law 

2244/1994 proceeded earlier than the rest of the European countries in the 

institutional consolidation of RES use whose contribution to the nation‟s electric 

system was characterized by a slow rate penetration up to 2010.  During 2000-

2010 the total installed renewable energy capacity increased from 278 MW to 

1734 MW mainly in wind power sources. However, within the next two years 

(2010-2012) the installed RES power plants doubled to 3543.5 MW in total. 

Most of the installed RES include Photo Voltaic and wind power (Danai 

Diakoulaki, 2014). The nation‟s top first priority is the production of energy to be 

supplied to the end users in an unrestricted and trustable way. Secondly, the 

nation has to ensure adequate energy stock to be used for covering the energy 

needs of the country in case of emergency. Also, the sustainability and 

protection of the environment from the stage of the energy production up to the 

end users are of high importance, (Ypeka, 2016). The above priorities were also 

set up from the European Commission in 2007 to be followed by the EU state 

members, (Eur-Lex, 2007). Relying on above priorities the country‟s commitment 

is to ensure a sustainable development.    

 

1.2 Statement of the problem 

Τhe environmental pollution is a major issue around the world. Methods 

and technologies for reducing the polluted emissions, especially the GHG 

emissions are the main topics of controversial discussions in climate and 

energy panels as in COP 21 (Conference of Parties), 21st session to the United 

Nations Framework Convention on Climate Change (UNFCCC), December  

2015, Paris. The RES consist of the alternative technology towards a clean 

environment. GHG emissions‟ savings are attributed to RES worldwide. The 

capacity of RES to power the communities is of great importance in today‟s 

world.  Also, the cost and ability of RES are of main concerns that have to be 

considered and examined in order the conventional forms of energy (coal, fuel 

oils) to be successfully replaced by the RES. 
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1.3 Aim 

 The main objective of this dissertation is the estimation of the GHG 

emissions due to fossil fuel power plants and renewable energy sources 

installations. The GHG emissions from the different fuel sources are to be 

estimated based on literature data. So, the installed power data from fossil fuel 

sources as well as from RES around the country has to be collected and 

recorded and the energy generated and used to be interpreted. Afterwards, 

GHG emissions are to be estimated. Also, the costs of installing and 

maintaining conventional and renewable energy power plants to be examined. 

Moreover, a way to power the non-interconnected islands to be proposed. The 

main barriers for the expansion of the RES together with the limitations of the 

national electric grid are to be explained and analyzed. Finally, the future 

energy prospective of the country is to be discussed emphasizing on RES 

expansion. 

 

1.4   Research questions 

1. What is the energy profile of Greece?  

2. What are the current installed power capacity and the energy usage in 

the mainland and the islands?   

3. How the development of the Greek electricity network changed the 

energy profile of the country?  

4. What are the environmental benefits of the RES?  

5. What are the RES costs per MW installed compared to the conventional 

power plants?  

6. Which is the way to power the islands due to country‟s singularity? 

What are the limitations involved? 

7. Which is the future energy prospective of the country? 

   

1.5 Limitations 

In this thesis the costs and polluted emissions from imported and 

exported electricity are not included. Literature data concerning scientific peered 

articles and statistical data from organizations used throughout this thesis. The 

analysis made and the results produced under the „process and results‟ section 
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of this thesis came from manipulation and calculation of published data. The 

study focused on carbon dioxide emissions estimations among the GHG. The 

energy usage in terms of toe, GWh used for the GHG emissions to be 

estimated. Due to continuous development of technology, the cost for installing 

and maintaining RES and conventional power plants gradually drops. In order to 

compare the costs of these technologies, there should be a reference point for 

comparison. This point is the prices of 2011 as calculated by VGB PowerTech. 

              

1.6   Methodology 

This thesis based on literature reviews published by official organizations 

and statistical bodies. Information also extracted from scientific articles and 

companies‟ publications and reviews in order energy, power and cost data to be 

clearly presented. Recent publications and scientific articles were used since 

2000 onwards. The following web search strings as energy profile of Greece, 

renewable energy plants installations, public power corporation, cost of power 

plants, environmental assessment were a few of search texts used to achieve 

the appropriate literature. Information gathered from recognized institutes and 

organizations worldwide. An indicated but not an exhaustive list of such bodies 

are; International Energy Agency, European Environment Agency, Hellenic 

Statistical Authority, Greek Regulatory Authority for Energy. The data collected 

and manipulated for the purpose of the thesis. The methodology followed in this 

thesis based on the Life Cycle Assessment for estimating the GHG emissions 

from fossil fuel sources and RES. The same methodology was used in order to 

calculate the costs for different power plants based on prices mentioned in 

previous chapter. 

 

1.7   Chapter overview 

The thesis is outlined as follows: 

Chapter 1: Describes the initial statements of this project. The problems to be 

discussed are pointed out. The aims of the thesis are explained and the 

methodology to be used is described. 

Chapter 2: This chapter describes the historical energy background of the 

country. The installed power capacity from different fuel sources around the 

country is recorded. The electricity production over the recent years and the 
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future energy plan of the country for the interconnected and non-interconnected 

areas are also presented in this chapter.  European and national legislative 

framework to be followed by the country are described. Offsetting process of 

energy produced by RES is analyzed. 

Chapter 3: The methodology used for estimating GHG emissions and costs of 

fossil and renewable energy sources is described in this chapter.   

Chapter 4: The results and analysis based on previous chapters‟ data derived 

here. The results are verified and explained. Results and analysis chapter 

contains information for costs and GHG emissions estimates from different  

power plants, including fossil fuels and RES.  

Chapter 5: A detailed discussion based on previous chapter results is presented 

here. Economic, social and environmental aspects are discussed in order the 

desired outcomes to be derived. Barriers and weaknesses of the electric system 

are analyzed. The energy perspectives are discussed and recommended.           

Chapter 6: Conclusions. The findings and proposals based on all of the 

previous chapters of this thesis are presented here. 
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Chapter 2- Literature review 

2.1  Energy Demand Rise 

Until the 16th century wood was the almost exclusive source of thermal 

energy. However, after the First Industrial Revolution wood was almost 

completely replaced by a new form of energy, coal. The use of coal for energy 

production has significant advantages over the use of wood. 

In the early 20th century coal was substituted by a new most convenient, 

but also non-renewable resource, oil. The exploitation of oil deposits gave 

people the opportunity to improve their standard of living even more, but this 

concerned only certain people (Europe, North America) and their course 

development, which in turn created a new respectively number of problems. 

During the last twenty years, mankind realized the risk of the energy 

deadlock and started some conscientious efforts to reduce and mitigate the 

usage of energy, but the causes for soaring energy use remain the same and 

will be discussed below. 

 

2.1.1 Continuous rise in per capita energy usage 

The effort of people to improve their standard of living (e.g. producing 

more consumer goods) continues with increasing rates as shown in Table 2.1. 

Although there are efforts to mitigate energy usage, particularly in developed 

countries, they do not always pay off.  

More specifically, after the successive energy crises of the last forty 

years, in developed countries there is further scope for a limited reduction in 

energy usage, especially in the industrial sector. Conversely, the least 

developed countries with low energy usage have little or no scope for reduction 

of their energy needs. 

 

2.1.2 Dissimilarity in global energy usage 

The above fact underscores the tremendous dissimilarity governing the 

per capita energy usage in the various regions of our planet. As an example, it 

may be mentioned that the per capita energy usage in USA and Canada is 

about twenty times this of some developing countries such as Mexico, Brazil, 

Syria, etc. This must be combined with the fact that the productivity of people, 
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the per capita gross national product (GNP) and the per capita energy usage 

vary respectively. 

To conclude, some people use significantly greater amounts of energy 

than others. Although, concerning the developing countries which are in the 

process of industrialization and development of amenities in their people‟s lives 

(modern houses with heating and air conditioning, passenger cars, etc.) have a 

high income elasticity of energy, so it is impossible to combine the continuation 

of their development with the reduction of energy intensity. 

 

Table 2.1 – Regional energy use (kWh/capita & TWh) and growth (%)       

(Wikipedia, 2014) 

 kWh/capita Energy use (1000 TWh) 

Region 1990 2008 Growth 1990 2008 Growth 

USA 89,021 87,216 -2% 22.3 26.6 20% 

EU-27 40,240 40,821 1% 19.0 20.4 7% 

Middle 

East 

19,422 34,774 79% 2.6 6.9 170% 

China 8,839 18,608 111% 10.1 24.8 146% 

Latin 

America 

11,281 14,421 28% 4.0 6.7 66% 

Africa 7,094 7,792 10% 4.5 7.7 70% 

India 4,419 6,280 42% 3.8 7.2 91% 

Others 25,217 23,,871 Nd 36.1 42.2 17% 

The World 19,422 21,283 10% 102.3 142.3 39% 

 

2.1.3 Growth of the world population 

The dissimilarity of energy usage in the various regions of our planet is 

accompanied by the steady growth of the world‟s population as shown in the 

following Table 2.2. The most important element is the population growth 

observed in the developing countries, which limits the energy reduction 

opportunities. In this case, even with constant per capita energy usage, there is 

an increase in total energy usage, at least similar to population growth. 
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Table 2.2 - Development of the world's population (million)                             

(Wikipedia, 2016) 

Region 1500 1600 1700 1800 1900 1999 2008 2010 2012 

World 458 580 682 978 1,650 5,978 6,707 6,896 7,052 

Africa 86 114 106 107 133 767 973 1,022 1,052 

Asia 243 339 436 635 947 3,634 4,054 4,164 4,250 

Europe 84 111 125 203 408 729 732 738 740 

Latin 

America 

39 10 10 24 74 511 577 590 603 

North 

America 

3 3 2 7 82 307 337 345 351 

Oceania 3 3 3 2 6 30 34 37 38 

 

 

2.1.4 Non-rational use of energy 

As mentioned above, the energy is available in different forms and 

qualities, which are related to each other depending on their ability to convert 

into other forms of energy. It is therefore appropriate to assess and prioritize the 

requirements of mankind in different quality forms of energy. It is, for example, 

unacceptable from the scope of energy to use electricity for heating buildings, 

when low quality heat (e.g. in temperatures 40oC to 90oC) completely covers 

our needs. Furthermore, by managing the energy demand, the demand peaks 

can be reduced and shifted, and thereby reduce the installed capacity of the 

power stations. 

 

2.1.5 Lack of interest and energy waste 

The lack of citizens‟ awareness and the prevalence of the view that the 

amount of energy supplies and raw materials is unlimited, are causes for energy 

wasted by the average person. Furthermore, in some cases, the waste of 

energy is a way to demonstrate someone‟s wealth. Recently, it became obvious 

that our planet‟s energy reserves are limited and as a result, some pricing and 

administrative decisions were taken which aimed at energy saving. The citizen, 

though, remains unaware because energy economy and rational management 

of energy and natural resources are not a part of their basic school and human 

education. 
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To conclude, it must be noted that all the above reasons contribute to 

depletion of earth‟s energy reserves. Therefore, the common effort of all 

humans should be the limitation of natural resources waste and the gradual 

elimination of the causes contributing to this. 

 

2.2  The history of electricity in Greece 

In 1889 the first electrical power plant was built in Athens by the 

General Contracting Company. The “Palace” was the first building to be 

illuminated and electrical lightning was very soon spread to historical center of 

the capital. Thessaloniki, at the time still under Turkish occupation, was to see 

electrical light in the same year, when a Belgian Company was commissioned 

by the Turkish authorities to build a power plant to illuminate the city and supply 

power to a tram network. 

Ten years later, multinational electricity companies made their 

appearance in Greece. The American company Thomson – Houston, together 

with the National Bank of Greece, founded the Hellenic Electricity Corporation 

which undertook the electricity supply of other major Greek cities. By 1929, 250 

cities were supplied with electrical power. In the most remote areas, where 

major companies found it unprofitable to build power plants, the supply of 

electricity was undertaken by local authorities or individuals who constructed 

small-scale power plants. 

 In 1950, there were about 400 companies in Greece involved in the 

generation of electrical energy. The raw material they used was fuel oil and coal 

which, of course, were both imported from abroad. This fragmented power 

generation, together with the fuel imports, pushed the price of electricity at very 

high levels (three or even five times higher than the prices in other European 

countries). Electricity was thus a luxury good, although, in most cases, it was 

supplied only during specific hours in the day and sudden power outages were 

quite common.  

Industrial and rural needs imposed the uniform electrification of the 

country. Thus, in August 1950, the Public Power Corporation (PPC) was 

established, (PPC S.A, 2013). The initial capital of PPC was formed by funds in 

foreign currency, drachma, machinery and services provided by the European 

aid recovery program, from Italian funds and from state budget funds. When the 
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PPC was established in 1950, the per capita energy usage was 88 kWh per 

year, which reached 150 kWh five years later. Similarly, in 1950, the electrified 

population of the country was 55%, while in 1955 it was 59.1%, (Left, 2014). 

The aim of the new company was to develop and implement a national 

energy policy through the intensive exploitation of domestic resources, which 

would enable every Greek citizen to make use of electrical power at the lowest 

possible price. Upon its establishment, PPC focused on the utilization of 

domestic energy resources and the integration of all networks into a national 

energy interconnected system. The rich lignite deposits which had already been 

discovered in the Greek subsoil began to be mined and used as the primary fuel 

in the lignite power plants constructed by PPC. At the same time, the Company 

constructed hydroelectric power plants at the country‟s major rivers in order to 

exploit the hydro potential of the country. 

At a fairly early stage, in 1956, it was decided that all private and 

municipal power generation companies were to be bought out, in order to create 

an integrated management organization. Gradually, PPC bought out all these 

companies and integrated their personnel in its own staff. 

Throughout these years, PPC strived for and achieved the country‟s 

energy autonomy, while accomplishing the most significant project of supplying 

Greece with electricity. Electrical power was supplied throughout the country, 

from the most remote island to the most isolated village on the Greek 

mountains. At the same time, PPC has been developed to one of the bigger 

heavy industries of the country, (PPC S.A, 2013). 

PPC S.A operates as a producer and is the main electricity supplier. It 

possesses approximately 75% of the installed capacity of thermal power plants 

in mainland Greece, including lignite, hydropower, petroleum, gas and 

renewable energy stations. Producing nearly 50% (2013) of its electricity from 

lignite power stations, it is the second largest electricity producer from lignite in 

the European Union. It supplies approximately 98% (2013) of the used 

electricity. Finally, according to the recent Greek legislation (n. 4001/2011) the 

distribution network of a total length 217,000 km remains in its property, while 

the ownership of the national electricity transmission system of length 11,650 

km is transferred to ITSO S.A. 
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After Transmission and Distribution industries were separated from 

PPC S.A, two 100% subsidiaries of PPC S.A were created, the IPTO S.A 

(Independent Power Transmission Operator) and HENDO S.A (Hellenic 

Electricity Network Distribution Operator S.A). The IPTO S.A is responsible for 

the management, operation, development and maintenance of the Hellenic 

Electricity Transmission System and its interconnections, while the HENDO S.A 

is responsible for the management, development, operation and maintenance of 

the Hellenic Electricity Distribution Network. 

Finally, there is PPC Renewables S.A as a 100% subsidiary of the PPC 

S.A, which has undertaken the management of the RES by the parent 

company, in order to develop this particular industry, (RAE, 2014). 

 

2.3 Greek lignite reserves and characteristics 

Based on the current techno-economic data, the exploitable lignite 

reserves in the country total approximately 3.2 billion tons. The main deposits 

are: 

 Western Macedonia (Ptolemaida, Amynteo and Florina) with estimated 

reserves of 1.8 billion tons; 

 Peloponnese (Megalopoli), with reserves around 223 million tons; 

 Drama, with reserves of 900 million tons; 

 Elassona, with 169 million tons. 

Of these deposits, the ones in Drama and Elassona remain unexploited. 

Based on the total exploitable lignite reserves in the country and the 

planned future energy usage rate, it is estimated that the reserves will last for 

over 45 years. The amount of lignite mined to date represents approximately 

29% of the total reserves. The total annual lignite extraction peaked in 2004 at 

72 million tons, before dropping to 54 million tons in 2013 as shown in Figure 

2.1. In terms of lignite production, Greece ranks seventh worldwide and third in 

the EU (after Germany and Poland). 

Greek lignite is of low quality overall. Its calorific value ranges from 975 

to 1380 kcal/kg in Megalopoli, Amynteo and Drama, from 1261 to 1615 kcal/kg 

in Ptolemaida, and from 1927 to 2257 kcal/kg in Florina and Elassona, (Tasos 

Krommydas, 2015). 
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Figure 2.1 - Lignite mined in Greece (million tons) 

(Tasos Krommydas, 2015) 

 

2.4 Cost of lignite-fired power generation 

In 2014, the Greek PPC commissioned a study to Booz & Co 

Consultants in order to compare the costs of lignite-fired power generation in 

the lignite-mining European countries (Germany, Poland Greece, Turkey, 

Czech Republic, Romania, Bulgaria, Serbia) in the year 2012, in view of 

identifying the key cost parameters and the differences among the various 

lignite systems in Europe. 

According to the findings, the cost of extraction in Greece (at €2.12 per 

ton) is the lowest, comparable to that in Germany. However, if the extremely low 

calorific value of Greek lignite is taken into consideration (as well as other 

variable production cost parameters), then lignite-fired power generation in 

Greece proves to be the costliest in Europe, at 59.9€/MWh, vs. 53.6€/MWh in 

Germany, 39.0€/MWh in the Czech Republic, 38.6€/MWh in Poland, 

54.2€/MWh in Romania, 31.6€/MWh in Bulgaria, 40.3€/MWh in Serbia, and 

52,7€/MWh in Turkey, (Tasos Krommydas, 2015). 

 

2.5 Renewable sources 

2.5.1 Renewable Energy and Climate Change 

The Fourth Assessment Report of the Intergovernmental Panel on 

Climate Change (IPCC) (AR4) concluded that most of the increment in the 

global average temperature since the mid-20th century is very likely due to the 

increment in the anthropogenic concentration of GHG, (IPCC, 1995, 2001, 2007). 
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Emissions continue to increase and the concentration of CO2 had 

surpassed the 390 ppm, or 39% above the pre-industrial levels by the end of 

2010, (IPCC, 2007, 2011a). 

There are several options to reduce GHG emissions from the energy 

system, while covering the global demand for energy services. Some of the 

possible options, such as energy conservation and efficiency, replacement of 

fossil fuels, renewables, nuclear energy and carbon capture and storage (CCS) 

were examined in the AR4. A comprehensive assessment of any portfolio of 

mitigation options would contain an assessment of the relevant mitigation 

potential and their contribution to sustainable development, including all the 

associated risks and costs. This report focuses on the role that development of 

RES technology can play within such a portfolio of mitigation options, (IPCC, 

2005, 2007). 

Despite the major mitigation potential of climate change, RES can 

provide more benefits. If RES are probably implemented, they can contribute to 

social and economic development, access to energy, secure energy supply and 

reduction of negative impact on the environment and health, (IPCC, 2007, 

2011a).  In many cases, in order to increase the share of RES in the energy mix, 

new policies should be implemented that will lead to changes in the energy 

system. There is a rapid development in the RES technology and their share is 

estimated to increase according to the most ambitious mitigation scenarios. It is 

also necessary that additional policies are applied, so as to attract more 

investments in technology and infrastructure, (IPCC, 2011a, 2011b). 

 

2.5.2 Renewable Energy in Greece 

The use of RES in Greece has increased significantly during the last 

decade and this is mainly due to the gradual harmonization of the Greek 

legislation with the EU directives. Specifically, in the power sector, the PPC was 

the unique power provider in Greece until 1994 with a RES installed capacity of 

approximately 70 MW. The same year, with the Law 2292/1994, private 

investors acquired the ability of RES electricity production and sale with 

favorable pricing conditions. The essential liberalization of the energy market 

took place in 1999 with the Law 2773/99 and the establishment of the 

Regulatory Authority for Energy (RAE) and the Hellenic Transmission System 
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Operator (HTSO). The RAE is an independent carrier which provides advice to 

the Ministry of Development on energy issues (production licenses, pricing, 

etc.), while the HTSO is responsible not only for the network management, but 

also for the commercial management of RES in the interconnected system of 

the country. The Law 2773/99 was implemented in 2001, when the rapid 

development of RES in Greece began. Indicatively, the rated power of RES in 

Greece increased from 351 MW in 2001 to 1040 MW in 2007. 

In 2001, in line with the EU Directive 2001/77/EC, Greece has set the 

target of 20.1% share of RES in the electricity production by 2010. This would 

correspond to about 3000 MW of installed capacity consisting mainly of wind 

power plants (about 2500 MW). Since in 2007 the RES power plants were of 

1040 MW installed capacity, while the relative nominal power of the wind power 

plants was 840 MW, it became obvious that Greece had enough to achieve in 

order to meet the previous goal. 

One of the latest legislation on RES was the Law 3468/2006, for the 

production of electricity from RES, according to which Greece fully aligned with 

the EU trend to replace conventional energy sources. This Law provides 

subsidies for all RES and offers great incentives for investment and greatly 

simplifies the licensing procedures, and finally offers high energy sale prices in 

long term contracts, (Konstantinos Vatalis, 2007). 

 

2.5.3 Renewable Energy grid integration challenges 

Wind and solar generation both experience intermittency, a combination 

of non-controllable variability and partial unpredictability, and depend on 

resources that are location-dependent. These three distinct aspects, explained 

below, each create distinct challenges for generation owners and grid operators 

in integrating wind and solar generation. 

Non-controllable variability: Wind and solar output varies in a way that 

generation operators cannot control, because wind speeds and available 

sunlight may vary from moment to moment, affecting moment-to-moment power 

output. This fluctuation in power output results in the need for additional energy 

to balance supply and demand on the grid on an instantaneous basis, as well 

as ancillary services such as frequency regulation and voltage support. 
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Partial unpredictability: The availability of wind and sunlight is partially 

unpredictable. A wind turbine may only produce electricity when the wind is 

blowing, and solar PV systems require the presence of sunlight in order to 

operate. Unpredictability can be managed through improved weather and 

generation forecasting technologies, the maintenance of reserves that stand 

ready to provide additional power when RE generation produces less energy 

than predicted, and the availability of dispatchable load to “soak up” excess 

power when RE generation produces more energy than predicted. 

Location dependence: The best wind and solar resources are based in 

specific locations and, unlike coal, gas, oil or uranium cannot be transported to 

a generation site that is grid-optimal. Generation must be co-located with the 

resource itself, and often these locations are far from the places where the 

power will ultimately be used. New transmission capacity is often required to 

connect wind and solar resources to the rest of the grid. Transmission costs are 

especially important for offshore wind resources, and such lines often 

necessitate the use of special technologies not found in land-based 

transmission lines. The global map in Figure 2.2 displays the latest data on 

mean land-based wind speeds around the world. 

 

Figure 2.2 - Global mean wind speed at 80 m altitude 

(Electrical Engineering Portal, 2011) 
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 Because the presence of wind and sunlight are both temporally and 

spatially outside human control, integrating wind and solar generation resources 

into the electricity grid involves managing other controllable operations that may 

affect many other parts of the grid, including conventional generation. These 

operations and activities occur along a multitude of time scales, from seconds to 

years, and include new dispatch strategies for ramp able generation resources, 

load management, provision of ancillary services for frequency and voltage 

control, expansion of transmission capacity, utilization of energy storage 

technologies, and linking of grid operator dispatch planning with weather and 

resource forecasting. 

 The essential insight to integration of variable RE is that its variability 

imposes the need for greater flexibility on the rest of the grid, from other 

(controllable) generators to transmission capacity to loads. So, the discussion of 

variable generation operation alone is insufficient to describe the full impact of 

high penetration of RE on power system operation, (IEC, 2012). 

 

2.5.4 Power system stability 

Power system stability has been recognized as an important problem 

for secure system operation. Many major blackouts caused by power system 

instability have illustrated the importance of this phenomenon. Historically, 

transient instability has been the dominant stability problem on most systems, 

and has been the focus of much of the industry‟s attention concerning system 

stability. As power systems have evolved though continuing growth in 

interconnections, use of new technologies and controls, and the increased 

operation in highly stressed conditions, different forms of system instability have 

emerged. For example, voltage stability, frequency stability and inter-area 

oscillations have become greater concerns than in the past. These types of 

instabilities can be categorized into three main categories as shown in Figure 

2.3. 

Rotor angle stability: Refers to the ability of synchronous machines of 

an interconnected power system to remain in synchronism after being subjected 

to a disturbance. It depends on the ability to maintain/restore equilibrium 

between electromagnetic torque and mechanical torque of each synchronous 

machine in the system. Instability that may result occurs in the form of 
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increasing angular swings of some generators leading to their loss of 

synchronism with other generators. 

1. Small-disturbance rotor angle stability is concerned with the ability of 

the power system to maintain synchronism under small disturbances. 

2. Large-disturbance rotor angle stability or transient stability is concerned 

with the ability of the power system to maintain synchronism when 

subjected to a severe disturbance, such as a short circuit on a 

transmission line. 

 

 

Figure 2.3 - Classification of power system stability 

(IEEE, 2004) 

 

Voltage stability refers to the ability of a power system to maintain 

steady voltages at all buses in the system after being subjected to a disturbance 

from a given initial operating condition. It depends on the ability to 

maintain/restore equilibrium between load demand and load supply from the 

power system. Instability that may result occurs in the form of a progressive fall 

or rise of voltages of some buses. A possible outcome of voltage instability is 

loss of load in an area, or tripping of transmission lines and other elements by 

their protective systems leading to cascading outages. 

1. Large-disturbance voltage stability refers to the system‟s ability to 

maintain steady voltages following large disturbances such as system 

faults, loss of generation, or circuit contingencies. This ability is 

http://www.iitk.ac.in/
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determined by the system and load characteristics, and the interactions 

of both continuous and discrete controls and protections. 

2. Small-disturbance voltage stability refers to the system‟s ability to 

maintain steady voltages when subjected to small perturbations such as 

incremental changes in system load.  

Frequency stability refers to the ability of a power system to maintain 

steady frequency following a severe system upset resulting in a significant 

imbalance between generation and load. It depends on the ability to 

maintain/restore equilibrium between system generation and load, with 

minimum unintentional loss of load. Instability that may result occurs in the form 

of sustained frequency swings leading to tripping of generating units and/or 

loads, (IEEE, 2004). 

 

2.5.5 Renewable energy storage 

Energy storage is the capture of energy produced at one time for use at 

a later time. A device that stores energy is sometimes called an accumulator. 

Energy comes in multiple forms including radiation, chemical, gravitational 

potential, electrical potential, electricity, elevated temperature, latent heat and 

kinetic. Energy storage involves converting energy form forms that are difficult 

to store to more conveniently or economically storable forms, (Wikipedia 1, 

2016). The storage of electricity should only be done when it comes from 

renewables in order to reduce CO2 emissions. Wind and geothermal energy are 

currently very favorable for electricity production and storage if both the high 

potential and the low production cost are taken into consideration. Energy 

production from RES is time-varying and therefore unable to meet the load 

demand curve of the network because it is based on unpredictable weather 

data. Consequently, this energy may not be available when needed, or there 

may be energy surplus which is rejected. 

In autonomous electrical systems, as those of many Greek islands, the 

wind resources are of a high energy potential but a significant part of them 

remains unexploited because of the high variability of the energy demand. The 

electricity production during the day by a domestic PV plant peaks at noon, so it 

is necessary to store the excess power in order for this to cover the evening 

load. Then, it becomes clear that there is actual need to store the energy 



The energy system of Greece. A Techno-economic and Environmental Approach 

 

33 

 

produced by RES in one form and then convert it to electricity so as to be used 

when RES don not produce or produce less due to zero solar radiation or too 

low wind speed, (Giannis Chatzivasiliadis, 2009). 

Currently, the largest source and the greatest store of renewable 

energy are provided by hydroelectric dams. A large reservoir behind a dam can 

store enough water to average the annual flow of a river between dry and wet 

seasons. A very large reservoir can store enough water to average the flow of a 

river between dry and wet years. While a hydroelectric dam does not directly 

store energy from intermittent sources, it does balance the grid by lowering its 

output and retaining its water when power is generated by solar or wind. If wind 

or solar generation exceeds the regions hydroelectric capacity, then some 

additional form of energy balancing will be needed.  

Other common forms of renewable energy storage include 

rechargeable batteries, thermal storage including molten salts which can 

efficiently store and release very large quantities of heat energy and 

compressed air energy storage, flywheels, cryogenic systems and 

superconducting magnetic coils. Surplus power can also be converted into 

methane with storage in the natural gas network, (Wikipedia 1, 2016). 

Finally, the benefits of renewable energy storage except for the high 

penetration of wind and solar energy are, network enhancement with power and 

energy, transmission network discharge, ancillary services to the grid, reliability 

and quality. Also, energy storage can reduce operational costs and capital 

investment, (Giannis Chatzivasiliadis, 2009). 

 

2.6 Installed Power in Greece. Overview 

The primary energy supply of the country comes mainly from imports, 

about 60% and the rest of the energy supply (40%) comes from the domestic 

sources. The big share of the energy usage in the country is referred to oil 

products followed by the electricity production, (Fontina Petrakopoulou, 2015). 

The gross energy usage in the country was 27.7 Mtoe in 2012 and 24.4 Mtoe in 

2013 (Figure 2.4). At the same time (2013) the gross energy usage in the EU 28 

was 1666.2 Mtoe. That is, Greece contributes about 1.47% of the European‟s 

energy gross usage. Also the final energy usage in the country was 17.1 Mtoe 

in 2012 and 15.3 Mtoe in 2013, (Eurostat statistics explained, 2015). 
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Figure 2.4 - Gross energy usage in Greece, 2013 

European Commission based on Eurostat 

 

The final energy usage (ktoe) in Greece by sector between 2000 -2013 

is shown in the (Figure 2.5) below. From the figure below is obvious that 

transport and residential sectors use the big shares of the energy. 

 
 

Figure 2.5 - Final Energy usage by sector in Greece 2000-2013 
Energy efficiency trends and policies in Greece, Odyssee 

 
An installed capacity of approximately 19700 MW was used for generating 

electricity around the country for the interconnected and non-interconnected to 

the national grid areas, (Fontina Petrakopoulou, 2015).  Analytically, the installed 

capacity by network type (interconnected /non-interconnected to the national 
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grid) is shown in the Figure 2.6 and explained in more detail in the next 

paragraphs. 

 

Figure 2.6 Installed capacity by network 

 

As mentioned in previous chapter, the main electricity producer and distributor 

in the country is the PPC. The company has almost 7.4 million customers. 

Ninety eight (98) power plants owned by the PPC consisting of thermal (lignite, 

oil, natural gas), hydropower and other renewable energy (PV, wind) plants, 

(PPC, 2013). Greece generated 60.95 TWh of gross electricity and used 51.16 

TWh in 2012, (ELSTAT, 2012). The country also imports and exports electricity 

through interconnections with neighbor countries. There are interconnections 

with the Balkan countries such as Albania, Bulgaria, Fyrom as well as Italy (400 

kV HVDC cable) and Turkey. Greece imported 5.6 TWh and exported 3.9 TWh, 

in 2013 via the interconnections, (Energypedia, 2015). The interconnection 

electricity capacity was 11% in 2014, (European Commission, 2015).  

 

2.7 Power plants 
 

2.7.1 Coal power plants 

The PPC is the producer and owner of the electricity comes from the 

lignite plants, a low rank of coal. Greek lignite has low calorific value and low 

sulphur content, (V. Vita et al., 2009). The lignite power plants are in the 

mainland and they are consisting of several production units that produce 

electricity which is connected to the national grid, (Figure 2.7). The installed 
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power capacity of the lignite power plants accounts to 5288 MW (PPC S.A, 2013). 

The lignite power units account for 35% CO2 nationally, (V. Vita et al., 2009). 

 
Figure 2.7 - Coal (C), gas (G) and oil (O) power plants in Greece 

(GEO, 2016) 
 

2.7.2 Gas power plants 

The electricity generation plants powered by natural gas are located 

mainly in the middle and the north parts of the country. The natural gas entered 

to the Greek energy system in 1996, (A. Dimakis, 2011).  The official importer 

and distributor in the country is DEPA. The natural gas infrastructure around the 

country is shown in the (Figure 2.8) below. The Greek Public Gas Corporation 

(DEPA) has contracts for importing the gas from the following three suppliers, 

(IEA, 2014).  Russian supplier (contract until 2016) is one of them that delivers to 

the Greek-Bulgarian borders 2.8·109 m3 covering 80% of country‟s total 

requirements. Natural gas also comes from Algeria (contract until 2019) to a 

small island called Revithousa (Attica region) by ships in liquefied form (5·108 - 

7·108 m3). Finally another gas pipe network comes to Greece via Turkey 

(contract until 2021), transports 7.5·108 m3 of natural gas through the Greek 

Turkish borders, (V. Vita et al., 2009). Also, the construction of Trans Adriatic 

https://www.iea.org/media/freepublications/security/EnergySupplySecurity2014_
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Pipeline (TAP) to transport the natural gas from Azerbaijan via Greece is under 

construction. 

Figure 2.8 - Natural gas infrastructure in the Greek territory 
(IEA, Energy supply security Greece, 2014) 

 

The installed power capacity in the country accounts to 4845 MWe and the 

Natural Gas power plants are described in the Table 2.3 below; 
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Table 2.3 - List of Gas Power Plants 

(GEO, 2016) 

Name Design 

Capacity 

(MWe) 

Region Remarks 

Agios Georgios Thermal 
Power Plant   

360  Attica  PPC operator 

Lavrio-V CCGT Power 
Plant  

378  Attica  PPC operator 

Lavrio Megalo CCGT 
Power Plant  

570  Attica  PPC operator 

Lavrio Thermal Power 
Plant   

450  Attica  PPC operator 

Heron-II CCGT Power 
Plant   

435  Boeotia  Private plant 

Heron-I OCGT Power 
Plant   

148  Boeotia  Private plant 

Thisvi CCGT Power Plant   420  Boeotia  Private plant 

Distomo CCGT Heat and 
Power Plant  

316  Boeotia  Private plant 

Protergia CCGT Power 
Plant   

430  Boeotia  Private plant 

Korinthos Power CCGT 
Power Plant   

437  Korinthos  Private plant 

Komotini CCGT Power 
Plant   

485  Rodopi  PPC operator 

Thermie Serres CHP 
Power Plant  

16  Serres  Private plant, district 
heating and cooling 
92MWth  

Thessaloniki CCGT 
Power Plant   

400  Thessaloniki  Private plant 

 

2.7.3 Oil power plants 

The fuel used in the country to power the diesel generators for 

producing electricity is crude and diesel oils.  The PPC is the operator of 39 

autonomous fuel oil thermal power plants, in the non-interconnected islands, 

(PPC S.A, 2013). There are 227 islands that are inhabited, (Fontina Petrakopoulou, 

2015). Oil is used for generating electricity in the majority of these islands. It 

should be noted the large islands (Eptanisa) in the Ionian Sea are connected to 

the national grid by 150 KV submarine cables, (M. Papadopoulos et al., 2005).  It 

is worth saying that there are 36 autonomous islands in Greece with the peak 

load demand variation to be between 100kW and 700MW, (Hatziargyriou et al., 

2012). The installed capacity of the interconnected oil power stations accounted 

to 380 MW (Lavrio plant in mainland operated by PPC) and the installed power 

http://globalenergyobservatory.org/geoid/42768
http://globalenergyobservatory.org/geoid/42768
http://globalenergyobservatory.org/geoid/42774
http://globalenergyobservatory.org/geoid/42774
http://globalenergyobservatory.org/geoid/42775
http://globalenergyobservatory.org/geoid/42775
http://globalenergyobservatory.org/geoid/42777
http://globalenergyobservatory.org/geoid/42777
http://globalenergyobservatory.org/geoid/42770
http://globalenergyobservatory.org/geoid/42770
http://globalenergyobservatory.org/geoid/42771
http://globalenergyobservatory.org/geoid/42771
http://globalenergyobservatory.org/geoid/42773
http://globalenergyobservatory.org/geoid/42784
http://globalenergyobservatory.org/geoid/42784
http://globalenergyobservatory.org/geoid/42785
http://globalenergyobservatory.org/geoid/42785
http://globalenergyobservatory.org/geoid/42786
http://globalenergyobservatory.org/geoid/42786
http://globalenergyobservatory.org/geoid/42769
http://globalenergyobservatory.org/geoid/42769
http://globalenergyobservatory.org/geoid/42780
http://globalenergyobservatory.org/geoid/42780
http://globalenergyobservatory.org/geoid/42772
http://globalenergyobservatory.org/geoid/42772
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of the non-interconnected oil stations accounted to 1517 MW at the beginning of 

2014, (PPC S.A, 2013). That is a total installed capacity of 1897 MW. 

The list of the major oil power plants are shown below; 

Table 2.4 - List of major oil Power plants   

(GEO, 2016) 

Name Design 
Capacity 
(MWe) 

Region Remarks 

Soroni Rodos Power Plant Greece  84  Dodecanese  PPC operator, 
HFO, connected 
to regional grid 

Aliveri Thermal Power Plant Greece  380  Euboea  PPC operator, 
HFO, connected 
to national grid 

Chania Power Plant Crete Greece  118  Chania  PPC operator, 
DO, connected 
to regional grid 

Chios Extension Power Plant Greece  14.8  Chios  PPC operator, 
HFO, connected 
to regional grid 

Atherinolakkos IC Power Plant Greece  102  Lasithi  PPC, DO 
connected to 
regional grid 

Linoperamata Power Plant Crete Greece  193  Heraklion  PPC operator, 
HFO, connected 
to regional grid 

 

2.7.4 Renewable Energy plants 
 

2.7.4.1 Solar 

A total capacity of 2576 MW PV plants have already been installed 

(December 2015). From which the 373 MW are rooftops installations and 2203 

MW are small and medium sized PV plants. It should be noted that about 6.2% 

(ie.159.7 MW) of the total PV capacity is installed on non-interconnected 

islands. Also, about 170.1 MW th of solar thermal systems, usually water heaters 

installed in 2012, (Energypedia, 2015). Due to high solar irradiation levels in the 

Southern part of the country (1800-2000 kWh/m2/year) the Concentrated Solar 

Power (CSP) technology could be used to power the non-interconnected-to the 

national grid-islands especially Crete, Rhodes and other islands at the South 

part of the country, (Ypeka, 2011). However, no any installed power capacity 

recorded for CSP at the time this report was written. 

 

2.7.4.2 Wind 

http://globalenergyobservatory.org/geoid/45688
http://globalenergyobservatory.org/geoid/42776
http://globalenergyobservatory.org/geoid/45687
http://globalenergyobservatory.org/geoid/42779
http://globalenergyobservatory.org/geoid/42778
http://globalenergyobservatory.org/geoid/45686
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Regarding the wind power a total capacity of 1808 MW has been 

installed (end of 2013) from which the 288 MW of power has been installed on 

non-interconnected islands. About 70% of the latter power (ie.201.6 MW) 

installed in the island of Crete, (Energypedia, 2015). 

Wind power parks are also located in the mainland as well. There were 

no any off-shore wind parks at the time this report was written. 

 

2.7.4.3 Hydropower 

The hydropower power installed in the country accounted to 3018 MW, 

PPC owner that comes from the large power plants (2009 data). The country‟s 

yearly electricity production from the hydropower plants accounts to 9-10% that 

is depending on the hydraulicity of the year, (V. Vita et al., 2009).   Also the small 

hydropower plants contributed to 219.84 MW of the installed power capacity 

with connections to the national electricity system. Another 0.3 MW power has 

been installed to non-interconnected islands, (Fontina Petrakopoulou, 2015). A 

view of the hydropower plants is shown in the Figure 2.9 below. 

Figure 2.9 - Hydropower plants in Greece 

(GEO, 2016) 
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2.7.4.4 Geothermal 

The amount of 75 MW th of the installed geothermal systems recorded in 

the country, (2007 data). This geothermal power used mainly by thermal spas 

and heating of pools. The geothermal energy can also be used in the 

greenhouses for soil heating, fish farming, and other agricultural works such as 

fruits dehydration, (Geofar, 2009). 

Despite the geothermal resources around Greece in the North 

(mainland) and the Southern (islands) parts of the country no any electricity 

production achieved by geothermal sources at that time.  

 
2.7.4.5 Biomass and energy from waste 

 A total installed biogas power capacity of 46 MW that produce electricity 

is connected to the national grid. The power mostly comes from biogas plants 

that utilize the landfill sites and sewage treatment to produce electricity.  It 

should be noted that the national target for producing electricity from biomass is 

250 MW by 2020 in terms of National Renewable Energy Action Plan (NREAP), 

(Energypedia, 2015).  

The installed power of 40 MW (out of 46 MW) comes from the plants 

powered by biogas to produce electricity as follows; Athens Landfill in Liosia 

area, 23.5 MWel, Thessaloniki in Tagarades area Landfill, 5.05 MWel. Also the 

Athens waste treatment plant, Psytaleia Island, 11.4 MW. All of the above 

plants are connected to the national grid. The surplus electricity of the latter 

plant is sold to the national grid after itself use. All of these plants are Combined  

Heat Power (CHP) plants. The heat recovery is used for the treatment, dryness 

of leachate and sludge. 

The first domestic biodiesel produced and distributed nationally in 2005, 

(Cres, 2007). The biodiesel and bio ethanol are used as a 5% at least by volume 

mix with the automotive diesel and gasoline respectively, according to the 

national act 3423/2005. The bio fuel consumption in transport sector in Greece 

estimated 124,6 ktoe in 2012 and 138.75 ktoe in 2013, (Biofuels Barometer- 

Eurobserver, 2014). 

 

2.8 Energy production and usage 

The primary (includes losses) and final energy usage in the country 

decreased over the time period 2005-2012 as shown in the Table 2.5 below. At 
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this point it is worth noting that the energy usage per capita has been 

decreased as a result of the economic crisis started in the country back in 2010. 

The economic crisis is still continuing at the time this report was written. Applied 

memorandums have to be followed by the country towards specific policy. Bear 

in mind that energy usage per capita indicates a dynamic intensity of a society 

giving the view of the society‟s prosperity, (Athanasios Angelis - Dimakis et al., 

2011).  

Table 2.5 - Energy usage (Mtoe) over years 

(EEA, country profile, Greece) 

 

The electricity production in Greece from different sources is shown in 

the Table 2.6 below. Hydropower includes electricity production from pumped 

storage plants as well. Also the electricity production from the wind energy 

described in the table below comes from the onshore parks. It should be noted 

that no any data was published by International Energy Agency (IEA) for 2015 

use at the time this thesis was written. The electricity produced in the country 

came mostly from the lignite power plants as described in the table below.  

Table 2.6 - Electricity production in Greece over years                                                                                     

(IEA Statistics) 

  2009 2010 2011 2012 2013 2014 

  GWh  GWh  GWh   GWh   GWh   GWh   

Coal 34188 30797 31063 31119 26406 25746 

Oil 7679 6089 5915 6080 5414 5544 

Gas 11023 9830 13938 13361 10860 6776 

Biofuels 218 190 207 204 216 220 

Waste 19 129 113 60 85 100 

Hydro 5645 7485 4275 4591 6384 4607 

Geothermal 0 0 0 0 0 0 

Solar PV 50 158 610 1694 3648 3792 

Solar   
thermal 

0 0 0 0 0 0 

Wind 2543 2714 3315 3850 4139 3689 

Total 61365 57392 59436 60959 57152 50474 

 

Also, the electricity usage by sector (ELSTAT, 2012) is shown in the Figure 2.10. 

2005 2010 2011 2012 

Primary energy usage (Mtoe) 30.6 27.6 26.9 27.1 

Primary energy usage per 
capita (Mtoe/cap.) 

2.8 2.5 2.4 2.4 

Final energy usage (Mtoe) 21 19 18.9 17.1 

Final energy usage per 
capita (Mtoe/cap.) 

 
1.9 

 
1.7 

 
1.7 

 
1.5 
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Figure 2.10 - Electricity usage by sector, 2012 

(ELSTAT, 2012) 
 

For example the year 2012 the largest electricity usage was 

contributed to the domestic sector. The domestic sector dominates on electricity 

usage among the sectors (commercial, industrial etc.) in the recent years that 

studied. In the following chapters the increase of RES share in the country over 

the years is discussed.   

    

2.8.1 Electricity generation from RES in the mainland and the 

islands 

 An increase of approximately 43% in RES electricity generation noted 

within a year from 2012 to 2013 as shown (Table 2.6) above. 

 The RES share through the years in the country is shown in Table 2.7. 

Also a comparison of RES share between Greece and EU in 2012 is made. 

Table 2.7 – RES share in energy usage 2005-2012. 

(EEA, Country profile, Greece) 

Year 2005 2010 2011 2012 
EU 

2012 
 

RES share in 
gross final energy 

usage (%) 

7% (including 
biofuels 

consumed) 

9.8% (including 
biofuels 

consumed) 
10.9% 

13.8% 
 

14.1% 

RES share for 
electricity (%) 

8.3% 12.5% 13.9% 16.5% 23.5% 

RES for heating & 
cooling 

12.8% 17.8% 19.4% 24.4% 15.6% 

RES share for 
transportation (%) 

0% (including 
bio fuels 

consumed) 

1.9% 
(including bio 

fuels consumed) 
0.7% 1.1% 5.1% 

Total  (TWh); 
51,16 

Domestic use 
(TWh); 18,45 

Commercial 
use (TWh); 

14,78 

Industrial use 
(TWh); 12,2 

Agricultural 
use (TWh); 

2,72 

Public 
&Municipal 
authorities 
(TWh); 2,18 

Street 
lighting 
(TWh); 
0,883 
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It is clear from the above that the RES share in the country is 

continuously growing over the years for all of the economic sectors. Analytically, 

the gross electricity generated by the RES in 2012 and 2013 for the 

interconnected and non-interconnected areas of the country is shown in the 

Tables 2.8 and 2.9. These results are also interpreted in the Figure 2.11.  

Table 2.8 - Electricity production from RES, interconnected and non-

interconnected areas  

(F. Petrakopoulou, 2015) 

 
Table 2.9 - Electricity production from RES in the country 

(F. Petrakopoulou, 2015) 

Electricity production  
2013 

Wind Biomass Hydroelectric PV 

Total  (MWh)  4139136,86 209669,78 6373887,06 3620056,27 

Total  (GWh)  4139,13 209,66 6373,88 3620,05 

 

 

 
 

Figure 2.11- Electricity generation (MWh) from RES around the country in 

2012  

 
The total gross electricity generation from different types of renewable 

energy for years 2012, 2013 is shown in the Figure 2.12 below. The figure 

below interprets the total electricity generation from RES around the country. 
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Electricity 
production 
2012  (GWh) 

Wind Biomass Hydroelectric PV Total for all 
sources 
(GWh) 

Interconnected 3156,19 196,51 4591,59 1215,88 9160,18 

Non-
Interconnected 

689,34 - 0,944 183,65 873,94 

Total (GWh) 
/source 

3845,53979 196,5193 4592,53892 1399,53719  
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Figure 2.12 - Electricity generation (MWh) from RES types around the country, 

2012 and 2013 

 
In 2012 the total RES share in the country was 13.83% from which 

24.43% for heating purposes, 16.5% for electricity generation followed by 1.1% 

in transportation sector. The above shares of RES are interpreted in the Figure 

2.13, where the RES share in total represents the shares from heating, 

electricity and transportation. 

 

 
 

Figure 2.13 - RES share (%) by sector, 2012 

 

The total electricity generated by RES (including Hydropower) for the 

years 2012, 2013 is shown in the Figure 2.14. 
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Figure 2.14 - Electricity generation (GWh) from all RES (including Hydropower) 

in 2012, 2013 

 

In the following paragraph the RES‟ trends and projections are analyzed. 
 

2.8.2 Renewable energy plan of Greece. The trends and projections 
 

The continued growth of RES around the country coincided with the 

Greece‟s economic crisis started in 2010. Since the first PV installations in the 

country in 2008 the RES expanded very quickly (almost rapidly) around the 

country until mid of 2013. After that year, the prior favorable Feed In Tariff (FIT) 

(subsidies policy) electricity prices, for the PV installations connected to the 

national grid, changed to lower prices. The PV and other RES expansion trends 

over the years are shown in the Figure 2.15 below. 

 

Figure 2.15 - Expansion trends of RES (MW) in the interconnected areas of 

Greece, over years 2003-2014.  

(F. Petrakopoulou, 2015) 

From the above is clearly shown the dominance use of RES especially 

for PV and wind energy for producing electricity. However wind energy and 
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hydropower followed a more stable increase than PV installations growth over 

the years. 

By 2020, Greece has to achieve the targets as set by the NREAP and 

EU. That is, reduction of GHG, energy savings and RES distribution to the 

energy system.  

The upgrade of networks to smart grid and metering systems together 

with the intelligence automation and control systems will ensure the penetration 

of the RES in the interconnected system. Details on metering systems are 

analyzed further below. 

Also, the expansion of RES in the islands together with the gradual 

interconnection to the mainland grid will lead to the operation stoppage of the 

islands‟ oil fired power stations. The initial minimum share of Greece for RES 

contribution targeted to be 18% in gross final usage by 2020, (EU Directive 

2009/28/EC). However, the previous initial target increased to 20% RES share 

by 2020 according to the national law 3851/2010, accelerating the development 

of RES. 

So, the RES share in the gross final usage agreed to be 20% with 40% 

of this share to be used for generating electricity,10% RES share in transport 

and 20% RES share for heating and cooling purposes. Also, the country has to 

achieve a target of 9% on energy savings by 2016 compared to the reference 

year, ie.2005, (Directive 2006/32/EC). The improving energy services, the 

adaptation of efficient energy methods as well as the RES penetration are 

necessary in order above targets to be achieved.  

Also, GHG emissions reduction by 4% has to be achieved by 2020 

compared to the reference year 2005. The latter GHG emissions reduction is 

referred to the sectors where the emissions trading scheme is applied. For the 

sectors that the emissions trading scheme is not applied the GHG emissions 

reduction by 21% has to be achieved by the country at the end of 2020 

(Decision 406/2009/EC). 

In other words the primary energy usage is targeted to be 24.7 Mtoe by 

2020. The final energy usage targeted to be 18.4 Mtoe by 2020, M. Iatridis et al. 

(2015). Specifically, the RES share from 2010 up to 2020 as described and 

analyzed by NREAP is shown in the Figure 2.16 below. 
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Figure 2.16 - RES in gross final energy usage according to NREAP 

(NREAP in the scope of Directive 2009/28/EC)  

 

In the above Figure 2.16 the „minimum RES target‟ was set by the 

Directive 2009/28/EC. The „RES surplus‟ was set by the national law 

3852/2010. 

The share of RES in gross final energy usage of energy was 6.96% 

in 2005. The overall expected national 2020 target of energy from RES in gross 

final energy usage approaches to 18%, as shown in the Figure 2.16 above. 

Analytically the estimation of RES contribution in electricity 

generation and heating/cooling (between years 2016-2020) according to 2020 

Greek target are shown in the Tables 2.10 and 2.11 respectively. 

 
Table 2.10- Estimated electricity generation in Greece according to 2020 targets 

(National Renewable Energy Action Plan) 

             2016 2017 2018 2019 2020 

 MW GWh  MW GWh   MW GWh   MW GWh  MW GWh  

Hydro:            

<1MW  35 135  36 139  36 139  38 146  39 150  

1MW - 10 
MW  

191 737  197 760  197 760  210 809  216 833  

>10MW  3396 4840  3396 4839  3396 4746  4276 5584  4276 5593  

Of which 
pumping  

700 774  700 773  700 776  1580 1694  1580 1703  

Geothermal  20 123  20 123  20 123  20 123  120 736  
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Photovoltaic  1456 1913  1456 2157  1828 2402  2014 2646  2200 2891  

Wind 
Onshore  

4856 10425  5430 11538  6003 12831  6576 14790  7200 16125  

Biomass 
solid  

20 137  20 286   20 290  40 364  40 364  

Biomass 
biogas  

120 511  140 576  160 579  180 707  210 895  

    

Table 2.11 - Estimated heating/cooling contribution from RES according to 2020                             

targets 

(National Renewable Energy Action Plan) 

 2016 2017 2018 2019 2020 

 ktoe MWh ktoe MWh ktoe MWh ktoe MWh ktoe MWh 

Solar 

heating 

280 3256.4 302 3512.26 323 3756.5 341 3965.83 355 4128.65 

 

2.9 Net metering 

The net metering is the offsetting process of energy produced by 

photovoltaics and other renewable energy sources. Unlike photovoltaics with 

tariff (feed-in tariff), the net metering systems are offsetting the produced and 

used energy in kWh and not economically. Both belong to internationally 

interconnected (on-grid) photovoltaic systems where connectivity to the public 

network exists, in contrast with the autonomous or off-grid photovoltaic systems. 

The net metering has numerous advantages and provides immediate payback 

for the person concerned, while protecting the environment without burdening 

the state budget. It is a great solution for eliminating the electricity cost for 

households and commercial buildings and it can also eliminate the heating and 

air conditioning costs if for example combined with a heat pump. 

 

2.9.1 Net metering in Greece 

The net metering is by law legitimate in Greece from January 2015. It 

has been the main way of offsetting energy from photovoltaics in many 

countries for several years. The technologies of renewable energy sources 

have matured and are now in the phase of state subsidies on par with 

conventional energy sources or their direct use. 
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2.9.2 Net metering legislation 

 The maximum of installed capacity is 20kWp or the half of the agreed 

power for the interconnected system with 500kW upper limit. 

 Maximum of 5kWp for a single-phase meter (otherwise an 

augmentation should be done). 

 Maximum of 10kWp (maximum of 20kWp – half of the agreed power) in 

the non-interconnected system (islands) except for Crete (20kW – 

50kW upper limit). 

 In Peloponnese and South Evia the upper limit is 20kWp. 

 The counting and offsetting is made in each electricity bill and the 

energy difference is credited to the next offsetting for one year. 

 Each solar net metering system must be assigned to a single meter. 

 The net metering system can be installed on a roof-terrace or a garden 

or even on a neighboring field. 

 Until now, only photovoltaic panels can be used as renewable energy 

sources for the net metering system. 

 There can be an augmentation of the already functioning system after a 

new application and connectivity offer. 

 A photovoltaic system with feed-in tariff can be converted to a net 

metering system. 

 It is not allowed to assign more than one types of photovoltaic systems 

(net metering or tariff) in the same meter. 

 An individual can own more than one net metering system. 

 In worksite supply electricity offsetting by net metering cannot be done, 

because this electricity supply is not permanent. 

 

2.9.3 Net metering advantages 

 The energy usage is close to energy supply, so the cable losses are 

reduced. 

 The individual or professional does not depend on the state for subsidy 

in order to recoup his investment. 

 There is no further charge even if the PPC increases the electricity cost. 

 CO2 emissions are reduced. 
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 The environmental impact on areas near lignite power plants is 

minimized. 

 

2.9.4 Energy offsetting 

In the Table 2.12 below, it is shown that the net metering producer is 

charged for the difference between Absorbed (Energy from the grid) and 

Injected (Energy to the grid) energy and only if this difference is positive. If this 

difference is negative, it is credited and carried forward to the following quarter. 

Table 2.12 – Example of energy offsetting 

(Energy Solutions, 2016) 

Quarter Absorbed 

(A) 

Injected 

(I) 

Offset 

(O=A-I) 

Charged Credited 

Difference 

Produced 

(P) 

Usage 

(U=A+P-I) 

1
st
 1500 900 600 600 0 1500 2100 

2
nd

 700 1600 -900 0 900 2300 1400 

3
rd

 1000 800 -700 0 700 1300 1500 

Year 3200 3300 -100 0 0 5100 5000 

 

2.9.5 Net metering investment amortization 

The amortization of a solar net metering system is, depending on its 

size, under 5 years and the return on investment is over 20%, (Energy Solutions, 

2016).  

Table 2.13 - Relative performance and cost of a solar net metering system 

(Energy Solutions, 2016) 

PV Power 

(kWp) 

Cost + VAT 

(€) 

Annual 

Energy 

Return 

Assessment 

2 kWp 4.200€ + VAT 3.000 kWh 400 – 500 € 

4 kWp 6.000€ + VAT 6.000 kWh 900 – 1.000 € 

6 kWp 7.900€ + VAT 9.100 kWh 1.300 – 1.500 € 

8 kWp 10.700€ + VAT 12.200 kWh 1.700 – 1.900 € 

10 kWp 12.500€ + VAT 15.500 kWh 2.200 – 2.500 € 

15 kWp 20.000€ + VAT 23.000 kWh 3.300 – 3.800 € 

20 kWp 25.000€ + VAT 31.500 kWh 4.500 – 5.200 € 
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2.9.5.1 Net metering for a house 

The owner of a house (100m2) with 5.000kWh energy usage and a heat 

pump with 3.000kWh energy usage would pay about 1.900€ for electricity. If a 

solar net metering system of 5kWp (cost about 8.000€) was installed, the 

electricity cost would be eliminated and the amortization of this investment 

would take place in less than five years (ROI 20%). 

Even for a small house with less than 3.000kWh energy needs and 

electricity cost of about 500€ annually, with a 2kWp net metering system (cost 

about 4000€), the investment will amortized in less than eight years.  

 

2.9.5.2 Net metering for a small business 

If a small business (hotel) installs a 20kWp net metering system (cost 

about 23.000€ + VAT), it will reduce its annual electricity bills by at least 30.000 

kWh or about 5.000€. Also, taking into consideration that the expense is 

deductible at 26%, the payback period is about three years. 

In any case, photovoltaic systems will operate in similar levels (with 

slight performance reduction) even after 25 years, which means that the capital 

remains and could be utilized at our own interest (either by adding batteries and 

creating an autonomous power supply system, either by continuing the existing 

contract), (Energy Solutions, 2016). 

 

2.9.6 Virtual net metering 

Amendments to the Law 3468/2006 now allow the installation of solar 

net metering power plants in a different location from the facility (or facilities) of 

energy usage. As defined, the virtual net metering concerns legal entities under 

public or private law which have charitable purposes. So, Municipalities and 

municipal enterprises, higher educational institutions can now install solar net 

metering power plants in suitable areas, even if they are distant from the areas 

of electricity usage. 

The above amendments also concerns farmers, since on the one hand 

it is not necessary to use arable land in order to install a net metering power 

system and on the other hand, more than one electricity usage points which are 

in different locations can be offset. At this point it is worth mentioning that virtual 
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net metering is not only applicable for photovoltaic panels but also for small 

wind turbines, biomass or biogas stations, small hydropower systems and CHP, 

(Energy Press, 2016). 

 

2.9.6.1 The benefits of virtual net metering 

 Small-Medium Businesses (SMBs) that do not have their own roof will 

have the opportunity to offset their electricity usage with a system 

located in another area (building, land, etc.). 

 Farmer will be able to install photovoltaic panels on different parcels 

and this solar energy supply will offset the energy usage of a simple 

meter. 

 Households without access to a roof may do the same with a system 

located in another area. 

 Municipalities may exploit open spaces (school roofs) in order to 

produce their own “green” energy that will offset the electricity usage of 

other municipal buildings and services. 

 Finally, the PPC will be able to help numerous low-income households 

to obtain their own free solar energy system and tackle the energy 

poverty, (Econews, 2016). 
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Chapter 3 – Methodology 

Part 1 – GHG Emissions 
 

In order the GHG emissions from RES and fossil fuels plants to be 

estimated the method of a Life Cycle Assessment (LCA) was used. The LCA is 

a widely used method for estimating the environmental consequences of energy 

supply from renewable and conventional energy sources as well. For that 

purpose, literature related to the LCA studies for estimating the GHG emissions 

from the renewable and fossil fuel power plants reviewed. The main GHG 

emissions include the following: CO2, CH4, N2O, SF6, HFCs, PFCs, CFCs, 

HCFCs. The part scope of the study is to define the consequence of GHG 

emissions especially the CO2 emissions that cause the environmental impact.  

The carbon dioxide emissions contributed to a larger extent in the 

environmental impact compared with the rest of the GHG emissions over the 

years. In Greece (CO2) contributed nearly to 80% of the overall GHG 

emissions, (United Nations, 2012). Although, it should be noted that energy 

industry is the dominant sector of producing GHG emissions over the years. So, 

the GHG emissions estimated using the mathematical equation below taken 

from the literature, (Nana Yaw Amponsah et al., 2014). 

 

 

              
                                                  

                        (
   
  

)              
 

 

3.1 GHG emissions from fossil fuels 

The evaluation of important emissions due to the electricity generation 

based on the energy source, fuel provision as well as on the power activity and 

infrastructure, (Roberto Turconi et al., 2013). However, direct emissions generated 

by the operation of the plant contribute the large amount of life cycle GHG 

emissions of fossil fuel power stations. The Life Cycle factor used for the 

evaluation of electricity generated emissions was based on the gCO2eq/kWh. 

 

3.1.1 GHG emissions estimate from lignite power plants 
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The lignite power plants are usually located near to the mine. Emissions 

from infrastructure were not important to be taken into account. Methane is 

emitted in the area where the mining of the lignite occurs. The latter contributes 

by 0.6 % of the GHG emissions during the life cycle of the plant. The amount of 

GHG emissions of the lignite power plants depends on the low heating value of 

the fuel.  The lower calorific value of the fuel means large GHG emission factor 

for that plant. The low heating value of the fuel plays significant role on GHG 

emissions even more than the energy efficiency of the plant. From the range of 

emission factors a mean value of 1050 gCO2eq/kWhe was used in the thesis for 

estimating the emissions generated, (Roberto Turconi et al., 2013). 

 

3.1.2 GHG emissions estimate from natural gas power plants 

In case of the natural gas power plants emission factors for Single 

Cycle (SC) and Combined Cycle (CC) turbines considered. The first plant is 

usually used for peak electricity supply with efficiencies between 26-35%. The 

CC turbine plant is used for the base load electricity supply with high 

efficiencies, approximately 60%. It should be noted that the emissions due to 

fuel provision- that is gas extraction, transportation and methane‟s fugitive 

emissions- account to 30% of the overall GHG emissions for such power plants, 

(Roberto Turconi et al., 2013). However, this part of emissions was not estimated. 

For simplicity the mean value of 493gCO2eq/kWhe was used for estimating the 

direct emissions from the electricity generation in case of the natural gas power 

plants. 

 

3.1.3 GHG emissions estimate from oil power plants 

In case of the oil power plants studies showed that the GHG emissions 

are mainly generated due to power plant operation. Exploration, extraction, 

refinery and transportation accounted to 20% of CO2 of the life cycle emissions 

of the plant.  Emissions due to infrastructure could be considered minor. A 

mean value of 678 gCO2eq/kWhe was used for estimating the GHG emissions 

either base or peak load power plants, (Roberto Turconi et al., 2013). 

 

3.2 GHG emissions from RES 
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The Life Cycle Assessment  includes the environmental impact caused 

by the power plants in the following stages: (i) fuel production, (ii) transportation 

to the plant, (iii) construction of the power plant, (iv) operation and maintenance 

of the power plant (v) dismantling, (Nana Yaw Amponsah et al., 2014).  A LCA can 

be focused on all or part of the above stages depending on the kind of study. 

CO2eq –carbon dioxide equivalent- is the unit used in the LCA study for 

attributing the emissions produced by the power plants. Based on the above 

formula the GHG emissions were estimated using the gCO2eq/kWhe and 

gCO2eq/kWhh units based on the consideration that the power plant has full 

operational life cycle i.e., manufacturing, operation-maintenance, dismantling of 

the plant. The GHG emissions of the renewable power plants are associated 

with the fuel consumption during manufacturing of such plants and 

characterized as indirect emissions. On the other hand the GHG emissions from 

the fossil fuel powered plants are associated with the operation of such power 

plants and characterized as direct emissions, (Nana Yaw Amponsah et al., 2014).  

  

3.2.1 GHG emissions estimate from solar systems 

The emissions produced during the life cycle of the photovoltaic (PV) 

systems are associated with the manufacturing of the cells and modules by 

84% of the total primary energy usage. It should be noted that any tracking 

system application for the PV plants could account to 65%-70% of the total 

energy usage. Emissions are associated with the transportation of the PV 

systems as well, (Francesco Asdrubali et al., 2015).  A mean value of 60.8g 

CO2eq/kWhe was used in this thesis for estimating the life cycle emissions 

associated with the PV systems. This value is referred to c-Si and a-Si cells.  

The mean value of 146 gCO2eq/kWhe recorded for the solar thermal electricity 

production systems, especially for central receiver, solar chimney and parabolic 

trough. Also, the mean value of 22 gCO2eq/kWh(heat) for the solar thermal 

collectors was used in this thesis, (Nana Yaw Amponsah et al., 2014). 

 

3.2.2 GHG emissions estimate from wind energy 

The GHG emissions contribution due to the wind energy plants 

(onshore) include emissions from the raw material mining by 30%, 
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manufacturing of the wind turbines by 25%, shipping of the assembly by 10%, 

construction of the wind farms by 30%. Finally, the emissions due to the 

maintenance contributed up to 5% of the overall emissions. The mean value of 

16.0g CO2eq/kWhe was used in this thesis in order emissions from the onshore 

wind power plants to be estimated. Also the mean value of 9.15 g CO2eq/kWhe, 

for the offshore wind energy was recorded, (Nana Yaw Amponsah et al., 2014).  

The emissions estimate factor of offshore wind energy is the smaller compared 

to on shore wind energy because of the economics of scale in some extent. 

Many times the offshore wind energy parks are in bigger sizes than the onshore 

ones. 

 

3.2.3 GHG emissions estimate from hydropower 

Three main sources of GHG emissions are noted during the LCA study 

of hydropower plants. These sources of emissions concern the construction of 

the plant, the emissions produced because of the backup power needs for the 

turbines in cases of the supplementary production of electricity in seasonal 

cases. The third source of emissions is related to the biomass decay due to the 

land flooded by the reservoirs of the hydro plant. The mean value of           

20gCO2eq/kWhe was used in this thesis in order emissions from the hydro 

power plants to be estimated, (Nana Yaw Amponsah et al., 2014). The mean value 

of 43.36 gCO2eq /kWhe was used for the small hydropower plants. The above 

mean value was used as the average one between the run-of river, canal and 

dam toe schemes. 

 

3.2.4 GHG emissions estimate from geothermal energy 

The main sources of GHG emissions during life cycle of the geothermal 

plants associated with the construction phase as well as with the diesel that 

could use to drive engines during operation of the plant. The latter is accounted 

for a 33% of the life cycle GHG emissions of the power plant. For the purpose of 

estimating the life cycle GHG emissions of the geothermal power plant a mean 

value of 50 gCO2eq /kWhe was used, (Nana Yaw Amponsah et al., 2014).  

 

3.2.5 GHG emissions estimate from waste energy 
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Energy from waste could be generated, via anaerobic digestion as 

landfill gas that is used to power stations for electricity generation and heat for 

domestic and/or industrial purposes. During the anaerobic digestion the biogas 

can be recovered and used as fuel resulting in limited amount of the GHG 

emissions.  

Combustion of land fill gas as well as combustion of the municipal 

waste may include waste treatment procedures that can produce electricity. The 

average value of 451.5gCO2eq/kWhe was used for estimating the GHG 

emissions produced from energy utilizing waste, (Nana Yaw Amponsah et al., 

2014).  

 

3.2.6 GHG emissions estimates from biomass 

In many LCA calculations biomass used for energy production is 

considered to be neutral in terms of CO2 emissions. It is considered that the 

amount of CO2 emissions during the biomass combustion is the same as the 

amount of emissions was kept by the plant during its life time. In that case life 

cycle analysis is referred to the agricultural production and processing. So, the 

environmental impact of biomass could be focused on factors as feed stock use 

and transport, LCA boundary and reference systems. In this thesis the mean 

value 318 gCO2eq/kWh for dedicated biomass was used. Several review studies 

showed emission factors within a range. Also, an average value of 96.1 gCO2eq 

/kWh was used for emissions estimation caused by different liquid bio fuels in 

order to produce electricity, (Nana Yaw Amponsah et al., 2014). 

 

3.3 Overview of GHG emissions estimates 

The GHG emissions estimates in gCO2eq/kWhe for different 

technologies are shown in the Figure 3.1 below. The mean value of CO2eq 

emissions contribution for each technology was used. The use of life cycle 

analyses used in order GHG emissions to be estimated. Estimates were based 

on several indicators (through life cycle of the power plant) ensuring that the 

emissions estimates could not be oversimplified. 

From the following comparison between technologies, wind energy 

(onshore, offshore) has the lowest life cycle emissions factor among renewable 
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energies. On the other hand lignite has the highest life cycle emission ‟s factor 

between the energy sources.  

 

 

Figure 3.1 - GHG emission estimate factors (gCO2eq/kWhe) per technology 

 

 

Part 2 – Costs 

3.4 Definitions 

 Capital Expenditure (CAPEX): Cost of developing and constructing a 

plant, excluding any grid-connection charges. 

 Operating Expenditure (OPEX): Annual operating expenditure from 

the first year of the project‟s operation, given in per unit of installed 

capacity terms. 

 Levelised Cost Of Electricity (LCOE): Price that must be received per 

unit of output as payment for producing power in order to reach a 

specified financial return, (WEC, 2013). 

3.5 Methodology 

The cost of financing, building, operating and maintaining a power plant 

is a way to compare the different technologies. A comparison is made not only 

between renewable and conventional power plants but also between 

renewables and conventional themselves. Here, costs concerning air pollution 
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and climate change impacts are excluded. The Figure 3.2 following shows the 

costs on which the comparison is based and how these costs are estimated to 

be in the future. 

In order to calculate the capital costs and O&M costs for these different 

technologies, we assume that the installed capacity for each power plant is 

1000MW and their lifetime is 50 years. Some of the renewables and 

conventional technologies have a lifetime of about 25 years. In that case we 

assume that the capital cost is repeated in the 25th year, with estimated prices 

of that year, so as the installation operates for 50 years total. If the lifetime of 

the installation is more than 25 years and less than 50 years, given that a new 

investment has to be done, the CAPEX of the new investment is part of the 

total, depending on the years of operation. In that way, we take into 

consideration the remaining value of the installation after the 50 years of 

operation. The year 2010 is considered to be the reference year when these 

new plants were installed.  

In Figure 3.2 the CAPEX is given in EUR/KW so a multiplication has to 

be done with the total installed capacity for each plant, and OPEX for each year 

is given as a percentage of total CAPEX and should be calculated for the 50 

years of operation. 

 
Figure 3.2 – CAPEX and OPEX of different technologies  

(VGB, 2011) 
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3.6 Power plant costs 

In the sections below there is a brief description of the main parts of the 

renewable and conventional energy systems whose CAPEX and OPEX will be 

calculated and their contribution in the total cost of each power plant. 

3.6.1 Renewables 

3.6.1.1 Wind 

 Onshore wind 

Wind Turbines make up the single largest component of the CAPEX 

required for an onshore wind installation, about 63% of total cost, (WEC, 2013). 

Project‟s site location relative to manufacturing facility supplying the turbines is 

a significant factor because transportation costs can cause total CAPEX to 

increase substantially. Also, older models of wind turbines tend to decline in 

price while newer models have become more expensive due to their increased 

efficiency. This higher efficiency can result in lower levelised cost. 

 Offshore Wind 

Turbines are the main component of offshore CAPEX, representing 

approximately 30-40% of total costs, (WEC, 2013). The cost of installation can 

vary significantly as a function of sea depth. Grid connection charges also vary, 

but they can represent around 20% of total CAPEX costs, (WEC, 2013). 

More specifically, the total cost is broken down into: 

 Civil works: 

 Foundation of wind turbines 

 Environmental remediation 

 Construction of access roads 

 Measurement tower 

 Land rent 

 Construction indirect costs 

 

 Electromechanical equipment: 

 Wind turbines (rotor, blades, gearbox, generator, power converter, 

nacelle, tower and transformer) 
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 Transportation of wind turbines 

 Tele-monitoring system and remote control 

 Power transformer 

 Ground and lightning protecting 

 Electrical panels 

 

 Planning and management: 

 Management cost 

 Administrative cost 

 

 The cost of connecting to the power network, which is a known and 

standard price, set by the operator of the electricity transmission 

network, (EnerSupply1, 2015). 

The following Table 3.1 shows a comparison of capital cost breakdown 

for typical onshore and offshore wind power systems. The wind turbine costs 

include the turbine production, transportation and installation. The grid 

connection costs include cabling, substations and buildings. The construction 

costs include building roads and other related infrastructure required for 

installation of wind turbines. Finally, the other capital costs include development 

and engineering costs, licensing procedures, consultancy and permits, 

Supervisory, Control And Data Acquisition (SCADA) and monitoring systems. 

Table 3.1 – Comparison of capital cost breakdown for typical onshore and offshore 

wind power systems 

(IRENA, 2014) 

Cost share of: Onshore (%) Offshore (%) 

Wind turbine 64 – 84 30 – 50 

Grid connection 9 – 14 15 – 30 

Construction 4 – 10 15 – 25 

Other capital 4 – 10 8 – 30 

 

3.6.1.2 Solar PV 

In the last few years the cost of modules and underlying components 

kept declining, which pushed the LCOEs at lower and lower levels. The 

economics of PVs differ substantially between plants >1MW and smaller 

distributed retail or commercial rooftop plants. 
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 Photovoltaics without tracking 

The bulk of the capital costs for large-scale PV is attributable to 

modules, followed by balance of plant costs including mounting and electrical 

equipment. Inverters account for about 10% of total costs, (WEC, 2013). The 

location of the plant is significant concerning the capacity factors which in turn 

affect the LCOE. Also, a streamlined permitting and siting process means lower 

upfront costs, which leads to a lower total CAPEX. 

 Photovoltaics with tracking 

Tracking systems are used for projects on site with high levels of direct 

sunlight. Gains to the project‟s capacity factor significantly outweigh the 

additional expense of the system when sited appropriately, and can 

subsequently lower the LCOEs. These systems bring in additional costs of 

around 400.000€/MW (WEC, 2013) due to the equipment required. The cost 

breakdown shifts due to higher O&M costs, meaning that proportionally O&M 

makes up a higher part of the LCOE for tracking systems than for fixed 

mounting systems. 

More specifically, the total cost is broken down into: 

 Civil works: 

 Construction of access roads 

 Construction of site fencing 

 Environmental remediation 

 PV panel mounting frames 

 Construction of wall mounting measuring device 

 Construction of the base of lightning conductor 

 Construction of the base of camera and lighting pylon 

 Photovoltaic panels mounts 

 

 Electromechanical equipment: 

 Photovoltaic Panels 

 Inverters 

 Cables 

 Alarm 
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 Tele-monitoring system and remote control 

 Power transformer 

 Ground and lightning protecting 

 Electrical panels 

 

 Planning and management: 

 Management cost 

 Administrative cost 

 Permit fees 

 Customer acquisition costs 

 

 The cost of connecting to the power network, which is a known and 

standard price, set by the operator of the electricity transmission 

network, (Technical Chamber of Greece, 2011). 

3.6.1.3 Solar Thermal 

Concentrated solar power plants (CSP) consist of a suite of 

technologies at varying stages of development and deployment that typically 

use concentrated solar light to produce steam, either directly or via a heat 

transfer liquid, which then powers a steam turbine. Compared to PV, solar 

thermal is a newer solar generation technology that generates electricity by 

capturing the sun‟s thermal radiation as opposed to through photovoltaic cells. 

The economics of solar thermal make it nearly three times as expensive as 

conventional coal and gas, and on average 50% more expensive on a MWh 

basis than PV,(WEC, 2013). These power plants are divided into two main types 

and their cost breakdown is presented in Figure 3.3: 

 Parabolic trough 

This is the most mature of the thermal technologies. Concerning the 

economics, the solar field component is the largest contributor to total plant 

CAPEX. The remainder of the capital costs is split between the heat transfer 

fluid (HTF) and the power block. Indirect costs such as project development and 

large cost contingency buffers are also key drivers of LCOEs for solar thermal 

projects and account for a large part of the required investment.  

Parabolic trough plants can be coupled with thermal storage equipment 

that is able to hold heat for around six hours. The addition of thermal energy 
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storage (TES) system increases the CAPEX of a plant but also drives up the 

capacity factor significantly, sometimes to 45-50%. One of the key economic 

values of storage is that it allows solar thermal to be dispatchable and removes 

some of the intermittency issues that affect other renewable technologies. 

Parabolic trough LCOEs are still quite high and can reach values 2 – 2.5 times 

larger than those of PVs. 

 Tower and heliostat 

These plants use a field of focused mirrors to concentrate light on a 

central receiver tower in which a heat transfer liquid is circulated, captur ing 

thermal energy. There are varying plant designs and developers choose to 

utilize two different methods of heat transfer, with some choosing to use the 

concentrated solar light to boil steam directly and others using a molten salt 

fluid as a means of transferring heat to boil water. 

The heliostat field and power block are the largest direct cost 

contributors to LCOE, together making up almost 40% of the €/MWh cost. 

Indirect costs including contingencies, services and other non-equipment costs 

account for nearly 26% of the end LCOE, (WEC, 2013). The addition of a thermal 

storage system using molten salt has a similar effect on LCOEs as with 

parabolic trough plants. The addition of a system can provide around six hours 

of heat storage at an additional CAPEX cost that is offset by a corresponding 

increase in plant capacity factor that results in lowered LCOEs. A six hour 

molten salt storage unit accounts for around 6% of the total LCOE, (WEC, 2013) 

with all other costs remaining essentially the same as a plant without thermal 

storage.  

 
Figure 3.3 – Total installed cost breakdown for 100MW parabolic trough and solar 

tower CSP plants 

(IRENA, 2014) 
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3.6.1.4 Biomass and waste 

 Biomass and waste power encompasses a range of technologies that 

generate electricity from various biomass feedstocks and either municipal or 

industrial waste from incineration, gasification or anaerobic digestion 

technologies. The most common organic feedstocks are residues from the 

forestry industry, specially-grown crops and agricultural residues like straw or 

husks. Other means of generating power in this sector harness the methane 

created from the decomposition of municipal or industrial waste. Biomass power 

economics are more closely related to those of traditional thermal generation, 

due to their reliance on feedstock inputs, (WEC, 2013). 

A typical direct-fired biopower system has the following components NREL 

(Biomass, 2013): 

 Major Components 

 Fuel receiving, storage and handling 

 Combustion system and steam generator 

 Steam turbine 

 Air pollution control 

 Condenser and cooling tower 

 Other equipment and Auxiliaries 

 Stack and monitoring equipment 

 Instrumentation and controls 

 Ash handling 

 Fans and blowers 

 Water treatment 

 Electrical equipment 

 Concrete 

 Structural steel 

 Pumps and piping 

 Buildings  

Technology options largely determine the cost and efficiency of 

biomass power generation equipment, although equipment costs for individual 

technologies can vary significantly, depending on the region, feedstock type and 
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availability, and how much feedstock preparation or conversion happens on 

site. 

Planning, engineering and construction costs, fuel handling and 

preparation machinery, and other equipment (e.g. prime mover and fuel 

conversion system) represent the major categories of the total investment costs 

(CAPEX) of a biomass power plant. Additional costs are derived from grid 

connection and infrastructure (e.g. roads). Combined heat and power (CHP) 

biomass installation have higher capital costs, but the higher overall efficiency 

(around 80% to 85%) and the ability to produce heat and/or steam for industrial 

processes or for space and water heating through district heating networks can 

significantly improve the economics. 

 

3.6.1.5 Geothermal 

 Geothermal technologies are relatively mature within the renewables 

class and as such are subject to different cost drivers than newer wind and 

solar technologies. These plants are capital-intensive, but they have very low 

and predictable running costs. Most of a geothermal plant‟s cost occurs prior to 

confirmation of resource availability during the process of drilling test wells. 

Inaccurate resource measurement could lead to under-producing plants and 

subsequently lower than forecasted revenues. Drilling rates and associated 

costs make up the single largest cost component, upwards of 55%, (WEC, 2013), 

and can increase substantially with drilling failures and vary with the complexity 

of the well.  

 A typical geothermal power system has the following components 

(NREL Geothermal, 2013): 

 Geothermal reservoir 

 Well or well field 

 Production well(s), Injection well(s), and pump(s) 

 Well field piping, manifolds, and circulation pump(s) 

 Geothermal power plant 

 Steam turbine 

 Condenser or cooling tower 

 Circulating water pumps 

 Monitoring equipment 
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 Instrumentation and controls 

 Electrical infrastructure 

 Transmission 

The total installed costs of a geothermal power plant are shown in 

Figure 3.4 and are composed of the following (IRENA, 2014): 

 Exploration and resource assessment costs 

 The drilling of production and re-injection wells. This requires a 

contingency plan, as a success rate of 60% to 90% is the norm for 

production. 

 Field infrastructure, the geothermal fluid collection and disposal system, 

and other surface installations. 

 The power plant and its associated costs 

 Project management and grid connection costs. 

 
Figure 3.4 – Total installed cost breakdown for two 110MW geothermal plants 

(IRENA, 2014) 

 

3.6.1.6 Hydropower 

 It is the most mature, reliable and cost-effective renewable power 

generation technology available today. Hydropower is a capital-intensive 

technology with long lead times for development and construction due to the 
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significant feasibility assessments, planning, design and civil engineering work 

required. 

 Project development costs include planning and feasibility 

assessments, environmental impact analyses, licensing, fish and 

wildlife/biodiversity mitigation measures, development of recreational amenities,  

historical and archaeological mitigation, and water quality monitoring and 

mitigation. 

 The largest share of installed costs, as shown in the following Figure 

3.5, for large hydropower plants is typically for civil construction works (such as 

the dame, tunnels, canal and construction of the power house). Following this, 

costs for the power house (including shafts and electromechanical equipment 

are the next largest capital outlay and account for around 30% of the total costs. 

 The long lead times for these types of hydropower projects (7-9 years 

or more) mean that owner costs (including the project development costs) can 

be a significant portion of the overall costs due to the need for working capital 

and interest during construction.  Additional items that can add significantly to 

overall costs include the pre-feasibility studies, consultations with local 

stakeholders and policy makers, environmental and socio-economic mitigation 

measures and land acquisition. 

The electromechanical equipment costs (hydro turbines, rotation 

regulator, power transformer, power generator, electrical panels etc.) for 

hydropower plants are strongly correlated with the capacity of the plant. 

Although these costs usually contribute less to the total cost in large-scale 

projects, the opposite is true of small-scale projects (with installed capacity of 

less than 5MW). For small-scale projects the electromechanical equipment 

costs can represent 50% or more of the total costs, due to the higher specific 

costs per kW of small-scale equipment. In the following Figure 3.6 the cost 

breakdown for small-medium scale hydro projects is shown. This figure also 

contains the fluctuation of the part costs as the installed capacity of the project 

increases.  

 Finally, concerning the operation and maintenance costs, hydropower 

plants have low O&M costs over their lifetimes. For large-scale plants the costs 

of O&M are similar to those for wind, but not as low as for solar PV. 
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Figure 3.5 – Capital cost breakdown of a 500MW hydropower project 

(Global CSS Institute, 2015) 

 

 

 
Figure 3.6 – Capital cost breakdown of small-scale hydro projects  

(Global CSS Institute, 2015) 

 

 

3.6.1.7 Fixed costs in RES systems 

In every RES project there are other costs except for those mentioned 

above. These costs remain constant during the operation and throughout its 

lifetime and they are broken down into: 
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 Raw materials: 

The operation of those systems do not require raw materials, since wind 

energy, water and solar energy are primary forms of energy which are free and 

utilized to produce electricity. 

 Personnel salary: 

The electromechanical supervision is necessary for the proper function 

of the facility. So, an electrical engineer must be hired, who will control the 

facility and intervene when necessary. 

 Power consumption: 

In order to ensure smooth and uninterrupted operation of the facility, AC 

power from the grid is used. This power costs a specific amount of money, 

which is constant and belongs to the fixed costs. 

 Municipal fees and taxes: 

The RES power plants are obliged to pay a fee of 3% of their turnover 

in the municipality of their installation area. 

 Maintenance costs: 

This specific cost (otherwise known as “operation and maintenance” 

cost) is composed from unforeseen losses and damages of machinery and 

other components of the facility, and must be predicted and included in 

production costs. This also includes the cost for scheduled maintenance of the 

facility and the loss of income due to inactivity of the facility for maintenance 

reasons. 

 Interest of long-term investment loan: 

Due to the increased cost of such an investment, it is a commonplace 

part of the capital to be covered by a loan. These loans have favorable interes t 

rated because of their purpose. Anyway, the interest of this loan must be 

predicted and included in the fixed costs. 

Thus, the total cost of the project is the sum of the initial and annual (fixed) 

costs, (EnerSupply1, 2015), (EnerSupply2, 2015). 
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3.6.2 Conventional Technologies 

The economics of conventional thermal generation projects differ 

substantially from those of intermittent, low marginal cost renewables such as 

solar and wind. Regionally the largest differentiator between conventional coal 

and gas projects tends to be the cost of input fuels, which are highly localized. 

Especially for nuclear projects, the upfront capital costs are high enough that 

fuel becomes less of a cost differentiator. 

 

3.6.2.1 Coal 

Investment costs for a coal-fired power plant represent slightly more 

than a third of the total, while O&M costs account for some 20% and fuel for 

some 30%. These plants are considered risky from investors because a new 

plant would be subject to an uncertain future carbon price. Construction times 

are around four years for most plants. The fuel prices (coal, brown coal or 

lignite) assumed during the economic lifetime of the plant vary widely from 

country to country. These costs can be even lower when lower-cost locally 

mined coal is used, which is the case for coal plants close to mining centers.  

The capital cost breakdown for such plants is shown in Figure 3.7 and 

their individual costs consist of: 

 Plant technology 

 Turbines/Generator 

 Feedwater pumps 

 Steam generators 

 Firing system 

 Flue gas cleaning equipment 

 High pressure or Low pressure piping 

 Feedwater cooling and water ancillary system 

 

 Construction Technology 

 Solid structures 

 Foundations 

 Steel construction 

 Main and ancillary buildings 
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 Facades 

 Heating, air-handling, ventilation 

 Support and auxiliary systems 

 

 Electrical engineering 

 Transformers 

 High, medium and low-voltage switchgear 

 Cabling, lightning protection and earthing 

 Communication 

 Fire protection 

 

 Control system 

 Instrumentation 

 Control station 

 Emission gauging 

 
 

Figure 3.7 – Capital cost breakdown for a pulverized coal-fired power plant 

(NREL Cost Report, 2012) 

 

 

3.6.2.2 Natural gas 

 Combined cycle natural gas power plants are built around one or more 

combustion turbines.  The combustion turbine is fired by natural gas to rate a 
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turbine and produce electricity. The hot exhaust gases from the combustion 

turbine are captured and used to produce steam, which drives another 

generator to produce more electricity. By converting the waste heat from the 

combustion turbine into useful electricity the combined cycle achieves very high 

efficiencies. This high efficiency partly compensates for the high cost of natural 

gas used in these plants. Modern combined cycle plants have a relatively low 

construction cost and modest environmental impact. They can be used to meet 

baseload, intermediate and peaking demand and can be built quickly, (CRS, 

2008). The capital cost break down of such plants is shown in the figure below. 

 
 

Figure 3.8 – Capital cost breakdown for a gas turbine power plant 

(NREL Cost Report, 2012) 

 
 

3.6.2.3 Nuclear 

 The biggest cost of any power plant is the large capital investment. This 

hurdle must be overcome before electricity can be produced and the investment 

pays off. A generation plant takes two to five years to build, depending on the 

technology, (Brent Wilson, 2009).  The cost varies substantially, and due to the 

extremely high upfront capital required for a reactor the LCOE is determined 

primarily by the CAPEX, impacted slightly by uranium prices, (WEC, 2013). The 

capital cost breakdown of a nuclear power plant is shown in Figure 3.9 below. 

 Operating costs occur throughout the power plants operational life time. 

These are in the form of incremental capital costs, refurbishment costs, 

decommissioning costs, operating and maintenance costs, fuel costs, waste 

fees and carbon emission taxes, (Brent Wilson, 2009). 
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Figure 3.9 – Capital cost breakdown for a nuclear power plant 

(NREL Cost Report, 2012) 
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Chapter 4 – Results and Analysis 

 
The results of this chapter based on information gathered in literature 

and presented in previous chapter 3. The GHG emissions, especially the 

carbon dioxide estimated on a Life Cycle analysis basis using the gCO2eq/kWh 

unit for electricity and heat. Results obtained for emissions from the fossil fuel 

plants as well as RES over the last years. Also, emissions estimates obtained 

for the RES based on the National Renewable Energy Action Plan future 

scenario. The calculations performed in Microsoft Excel.  

 

4.1 CO2eq emissions estimates over years 

The emissions estimates from electricity production in terms of CO2eq 

obtained around the country over the most recent years. The annual gross 

power generation and the life cycle emissions factors for each technology used 

in order the CO2eq emissions to be estimated. The emissions estimated using 

the mathematical formula presented in previous chapter (methodology). The 

results are shown in the tables below. The dominant accrual of the natural gas 

and the decrease of the coal use over the years are obvious.  However, a low 

electricity production from the fossil fuel sources noted in 2014. The electricity 

production started to decrease gradually since 2013. The power generation 

from lignite fell over the years. A decrease of 32.7% in lignite‟s power 

generation between 2009 -2014 resulted in decrease of GHG emissions as well 

noticed.  RES contributed to almost one quarter of total electricity produced in 

the country in 2014. At that period RES produced 486 ktonCO2eq only. It should 

be noted that Greek electricity market hit by the economic crisis started in 2010.  

Factors such as problems with money liquidity, unpaid bills, debt of the 

electricity market operator for supporting the renewable energy plants tariffs led 

to a reduction in power generation especially in 2014 as shown (Table 4.2) 

below.  

Table 4.1 - Emissions from electricity production (ktonCO2eq) all over Greece 

 
2009 2010 2011 

 
GWh ktonCO2eq GWh ktonCO2eq GWh ktonCO2eq 

Coal 34188 35897,4 30797 32336,85 31063 32616,15 

Oil 7679 5206,362 6089 4128,342 5915 4010,37 
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Gas 11023 5434,339 9830 4846,19 13938 6871,434 

Total fossil fuels 52890 46538,101 46716 41311,382 50916 43497,954 

Biofuels 218 20,9498 190 18,259 207 19,8927 

Waste 19 8,57 129 58,24 113 51,01 

Hydro* 5645 112,9 7485 149,7 4275 85,5 

Geothermal 0 0 0 0 0 0 

Solar PV 50 3,04 158 9,6064 610 37,088 

Solar thermal 0 0 0 0 0 0 

Wind 2543 40,688 2714 43,424 3315 53,04 

Total RES 8475 193,3478 10676 328,0594 8520 289,3107 

Grand Total 61365 46731,449 57392 41639,441 59436 43787,265 

 
*Includes production from pumped storage plants 

 

The major part of electricity produced by RES comes from the 

hydropower and followed by wind energy and solar PVs. The LCA emission 

factors found to have low mean values for the above mentioned renewable 

technologies. It is worth saying the electricity generation from solar PV 

technology increased rapidly over the years. This rapid increase happened 

because of the favorable government‟s FIT policy program for this technology.  

However, a levy introduced for the renewable energy installations in 2012 in 

order deficiencies on support renewable schemes to be corrected, (EU Energy 

markets in 2014, European Commission).  An increase by almost 46% in power 

generation by RES noted between 2009- 2014. An increase by 60% in CO2eq 

emissions noted for RES at the same time interval. However, the latter increase 

rose the total emissions from renewable sources up to 485.85 ktonCO2eq only 

producing 12408 GWh. 

Table 4.2 - Emissions from electricity production (ktonCO2eq) all over Greece 

 
2012 2013 2014 

 
GWh ktonCO2eq GWh ktonCO2eq GWh ktonCO2eq 

Coal 31119 32674,95 26406 27726,3 25746 27033,3 

Oil 6080 4122,24 5414 3670,692 5544 3758,832 

Gas 13361 6586,973 10860 5353,98 6776 3340,568 

Total fossil fuels 50560 43384,163 42680 36750,972 38066 34132,7 

Biofuels 204 19,6044 216 20,7576 220 21,142 

Waste 60 27,09 85 38,37 100 45,15 

Hydro* 4591 91,82 6384 127,68 4607 92,14 

Geothermal 0 0 0 0 0 0 
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Solar PV 1694 102,9952 3648 221,7984 3792 230,5536 

Solar thermal 0 0 0 0 0 0 

Wind 3850 61,6 4139 66,224 3689 59,024 

Total RES 10399 325,8196 14472 507,01 12408 485,8596 

Grand Total 60959 43709,983 57152 37257,982 50474 34618,56 

 
*Includes production from pumped storage plants 

 
In the Table 4.3 below a RES comparison between interconnected and 

non-interconnected areas-islands for the year 2012 is shown. In the non-

interconnected islands the RES support the regional grids partly. In case of the 

biggest Greek island, Crete the electricity demand supplied by the oil power 

plants with a small contribution from the RES, (Hatziargyriou et al., 2012). In the 

non-interconnected areas the wind energy contributed the most to the regional 

electricity grid compared to the rest of renewable sources in 2012 as shown 

below.  

Table 4.3 - RES, emissions from electricity production (ktonCO2eq) for the 
interconnected and non-interconnected areas 

(2012) 
Electricity production 

from: 

Interconnected            
areas 

Non interconnected 
areas 

GWh (ktonCO2eq) GWh (ktonCO2eq) 

Wind 3156,19 50,4992 689,34 11,02944 

Biomass 196,51 62,49018 0 0 

Hydroelectric 4591,59 91,832 0,944 0,041192 

PV 1215,88 73,925504 183,65 11,16592 

Total 9160,18 278,746884 873,94 22,236552 

 
 

4.2 CO2eq emissions estimates based on future scenario 

According to the NREAP future scenario the total RES electricity 

production increased by 33% in power demand and 40% in CO2eq emissions 

between years 2016- 2020 as shown in the following Tables 4.4 and 4.5. The 

onshore wind energy showed to be rapidly increased on the future scenario 

regarding the electricity generation. However, the electricity production by wind 

onshore energy in 2014 showed to be less than half of electricity production in 

2016. On the other hand the future electricity production target from the PV 

plants already achieved by 2014 and the emissions already exceeded the future 
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emissions estimates at that year. The hydropower plants keep a steady growth 

through the years with low life cycle emissions for the power demand offered. 

Table 4.4 - Emissions (ktonCO2eq) from RES based on future NREAP scenario 

 
2016 2017 2018 

 
GWh ktonCO2eq GWh ktonCO2eq GWh ktonCO2eq 

Hydro: 
      

<1MW 135 5,8536 139 6,027 139 6,027 

1MW - 10 
MW 

737 31,956 760 32,95 760 32,95 

>10MW 4840 96,8 4839 96,78 4746 94,92 

Of which 
pumping 

774 15,48 773 15,46 776 15,52 

Geothermal 123 6,15 123 6,15 123 6,15 

Photovoltaic 1913 116,31 2157 131,14 2402 146,041 

CSP 314 45,84 400 58,4 486 70,95 

Wind 
Onshore 

10425 166,8 11538 184,608 12831 205,296 

Biomass 
solid 

137 43,566 286 90,94 290 92,22 

Wind 
offshore 

107 0,97 213 1,94 321 2,93 

Biomass 
biogas 

511 424,13 576 478,08 579 480,57 

Total 19595 907,046 21191 1042,152 22646 1079,698 

 

Table 4.5 - Emission estimates (ktonCO2eq) from RES based on future NREAP 

scenario 

 
2019 2020 

 
GWh ktonCO2eq GWh ktonCO2eq 

Hydro: 
    

<1MW 146 6,33 150 6,504 

1MW - 10 MW 809 35,07 833 36,118 

>10MW 5584 111,68 5593 111,86 

Of which 
pumping 

1694 33,88 1703 34,06 

Geothermal 123 6,15 736 36,08 

Photovoltaic 2646 160,87 2891 175,77 

CSP 629 91,83 714 104,24 

Wind Onshore 14790 236,64 16125 258 

Wind offshore 450 4,11 672 6,14 

Biomass solid 364 115,75 364 115,75 

Biomass 
biogas 

707 586,81 895 742,85 

Total 26863 1293,197 29290 1517,71 

 

In the future scenario, year 2020 the electricity production from the 

renewable energy seemed to approach the electricity produced by the lignite 
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plants in 2014. In 2020 year‟s scenario the GHG emissions could be reduced by 

95% if lignite power plants could be substituted by renewable energy.  Solar 

heating is a famous technology in Greece and it is used in domestic and 

commercial sectors. The GHG emissions are in a very low level for the latter  

technology as shown in the table below.  

Table 4.6 - Emissions estimates for solar heating based on NREAP future scenario 

Solar         
Heating 

ktonCO2eq 

2016 0,0716 

2017 0,0772 

2018 0,0826 

2019 0,0872 

2020 0,0908 

 

4.3 Costs 

 In Table 4.7 below cumulatively the CAPEX and O&M costs are 

presented for different renewable and conventional power plants. Fuel costs, 

which are the most expensive part during the lifetime of a conventional power 

plant (except for nuclear), are not included.  

 

Table 4.7 – Comparison of CAPEX and O&M between different technologies 

Installation Year New Investment
CAPEX (€) 

(Installation Year)

CAPEX (€) 

(Investment Year)

Cummulative 

CAPEX (€) 

O&M (€) 

(Installation)

O&M (€) 

(Investment)

Cummulative 

O&M (€) 
Total Cost

Fossil Fuels
Gas Open Cycle 2010 2035 650.000.000,00 650.000.000,00 1.300.000.000,00 487.500.000,00 487.500.000,00 975.000.000,00 2.275.000.000,00

Gas CCGT 2010 2045 800.000.000,00 342.857.142,86 1.142.857.142,86 700.000.000,00 300.000.000,00 1.000.000.000,00 2.142.857.142,86

Coal 2010 2045 1.300.000.000,00 557.142.857,14 1.857.142.857,14 910.000.000,00 390.000.000,00 1.300.000.000,00 3.157.142.857,14

Nuclear
EPR 2010 2050 3.000.000.000,00 650.000.000,00 3.650.000.000,00 2.400.000.000,00 520.000.000,00 2.920.000.000,00 6.570.000.000,00

Storage
Pump Storage 2010 --- 2.400.000.000,00 --- 2.400.000.000,00 1.200.000.000,00 --- 1.200.000.000,00 3.600.000.000,00

Renewables
Run of River 2010 --- 1.800.000.000,00 --- 1.800.000.000,00 900.000.000,00 --- 900.000.000,00 2.700.000.000,00

Wind onshore 2010 2035 1.100.000.000,00 1.100.000.000,00 2.200.000.000,00 907.500.000,00 907.500.000,00 1.815.000.000,00 4.015.000.000,00

Wind off-shore (near) 2.000.000.000,00 1.800.000.000,00 3.800.000.000,00 2.150.000.000,00 1.935.000.000,00 4.085.000.000,00 7.885.000.000,00

Wind off-shore (far) 2.600.000.000,00 2.200.000.000,00 4.800.000.000,00 3.250.000.000,00 2.750.000.000,00 6.000.000.000,00 10.800.000.000,00

Solar PV 2010 2035 3.000.000.000,00 1.700.000.000,00 4.700.000.000,00 750.000.000,00 425.000.000,00 1.175.000.000,00 5.875.000.000,00

Solarthermal CSP 2010 2040 3.350.000.000,00 1.333.333.333,33 4.683.333.333,33 2.010.000.000,00 800.000.000,00 2.810.000.000,00 7.493.333.333,33

Biomass 2010 2040 2.500.000.000,00 1.666.666.666,67 4.166.666.666,67 1.875.000.000,00 1.250.000.000,00 3.125.000.000,00 7.291.666.666,67

2010 2035
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4.3.1 CAPEX 

 In Figure 4.1 below the CAPEX of conventional and renewable 

technologies is compared. It is obvious that the cost to build a conventional 

power plant is much lower than to build a renewable. Conventional power plants 

are a mature technology whose substantial cost is the fuel cost. Also, in Figure 

3.2 of the previous chapter is mentioned that a typical plant size for renewables 

except for hydropower is about 5MW. On the other side, conventional power 

plants‟ typical size is about 10 times that of the renewables. The CAPEX 

difference lies primarily in the scale of equipment for renewables compared to 

that of conventional power plants. One significant cost difference lies between 

hydropower plants with and without storage and finally, the cost difference 

between onshore and offshore wind power plants. 

 

Figure 4.1 – Comparison of CAPEX between different technologies 

 

4.3.2 O&M 

 The remarkable point in the following Figure 4.2 is the particularly high 

O&M cost for the offshore wind power plants. This is mainly due to the difficulty 

of access to the installation site. Finally, nuclear power plants have high O&M 

costs mainly because of increased protective measures that have to be taken 

during maintenance process. 
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Figure 4.2 – Comparison of O&M cost between different technologies 

 

4.3.3 Total Cost 

 Total cost represents the sum of the individual costs (CAPEX and O&M) 

for each technology, which is shown in Figure 4.3 below. 

 

 

Figure 4.3 – Comparison of Total cost between different technologies 
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Chapter 5 – Discussion 
 

The burning of fossil fuels caused high life cycle GHG emissions for 

producing electricity. On the other hand the life cycle emissions produced by 

RES were lower than the emissions generated from the conventional power 

plants for generating electricity. Electricity market is the economic sector that 

contributes in the largest extent to GHG emissions. In addition carbon dioxide 

emissions consist of the largest part of GHG emissions, (EEA, 2014). The LCA 

method used in order the gCO2eq per kWh of electricity produced to be 

estimated from different fuel sources.  Although, a comparison between of fossil 

fuel and renewable energy sources in terms of energy supply, gas polluted 

emissions, costs were involved by the power plants was unavoidable. The 

estimate of carbon emissions is of great importance due to the greenhouse 

effect that raises the global temperature because of the solar energy trapping in 

the atmosphere. The use of fossil fuels for producing electricity degrades over 

the years with the natural gas exemption, since the latter is the cleanest of the 

fossil fuels. On the other hand, the use of RES causes a moderate impact to 

humans and environment due to low emission factors compared to fossil fuels. 

The LCA method was chosen in order the production energy systems to be 

evaluated through their life stages. The RES contributed by indirect GHG 

emissions to the environmental impact. Such emissions could be produced by 

the construction of the plants, equipment and its transportation. However, fossil 

fuels attributed to the environmental and human impact by direct GHG 

emissions, during operation of their power plants. The above method permitted 

the different power plants to be compared over their life stages. The mean 

values of emission factors derived from the literature were used throughout this 

study for each fuel technology. The emissions from fossil and renewable energy 

sources were based on total electricity production without emissions from 

imports and exports of electricity to be included. 

 

5.1 Emissions and electricity production from fossil fuels 

A large share of electricity produced by the fossil sources could be 

substituted by the RES. Considerations should be taken for substituting the 

most polluted fuels first.  Lignite could be drastically reduced over the years. 
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Following the NREAP future scenario a significant reduction in GHG emissions 

could be achieved by the country. Unfortunately the oil power plants are used till 

now to power the autonomous islands in the Aegean Sea, with supplementary 

power fed by the RES, especially from the wind parks. Considerations should 

be taken for expanding the wind energy stations in the near future. The wind 

potential of the Aegean Sea makes the wind energy parks investment favorable 

in these islands, (wind map of Greece, 2016). In addition, the regional grid 

expansion of the islands and the development of submarine networks to the 

mainland will reduce the fuel oil use for producing electricity in these islands. In 

that case the amount of imported fuel oil and its polluted gas emissions are to 

be reduced drastically. The life cycle emission factor used for estimating the 

GHG emissions from the fuel oil power plants was a mean value based on 

continuous load and high load demand. In the Greek islands the ratio between 

the minimum and maximum demand is high especially during summer due to 

tourism period, (Hatziargyriou et al., 2012). The oil power stations are using kinds 

of heavy and light fuels oils that could modify the direct gas emissions of 

combustion and hence the GHG emissions estimates. Approximately, the fuel 

combustion contribution to the life cycle GHG emission factor was accounted by 

a share of 94.9% regarding the power plants powered by fuel oils, (H. Hondo, 

2004). In the case of the natural gas a mean value of life cycle GHG emission 

factor was used for both single cycle and combined cycle turbine plants. The 

single cycle turbine plant produced higher direct combustion emissions than the 

combined cycle turbine plants, (Roberto Turconi et al., 2013).  So, an estimation of 

life cycle GHG emissions produced by the natural gas plants could lead to an 

overestimation since the majority of gas power plants shown to be combined 

cycles gas turbines, (chapter 2, gas power plants). However, the mean life cycle 

GHG emission factor used in the thesis for estimating the natural gas emissions 

was very close to the upper emission factor limit of the Combined Cycle Gas 

Turbine (CCGT) plant, i.e., 410gCO2eq/kWhe, (Roberto Turconi et al., 2013). 

 

5.2 Emissions and electricity production from RES 

An increase in renewable energy use over the years was obviously 

noticed according the results obtained in the „results and analysis‟ chapter. The 

hydropower is the dominant power supply in the mainland. The wind parks are 
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the main power suppliers in the non-interconnected islands followed by the PV 

panels. The electricity produced from the wind parks is almost four times above 

the electricity produced by the PV panels, (2012 data). However, the GHG 

emissions produced by the PVs found to be higher than gas emissions 

produced by the wind energy sources. The latter is because of the low life cycle 

GHG emission factor of the wind energy sources. Hydropower contributed to 

the electricity production mostly in the mainland and the same mean life cycle 

emission estimate factor used in this thesis for the scale plants above 50 MW. 

The mean life cycle GHG emissions estimate factor used for the non-

interconnected areas referred to small hydro plants. It should be noted the life 

cycle GHG emissions factor for the small hydro plants used instead of micro 

hydro power plants. However, the latter does not affect the total gas emissions 

estimates in the non-interconnected to the national grid areas due to the very 

low potential of hydro power in such areas. The life cycle GHG emission 

estimate factor used for the waste energy was taken as the mean value 

amongst the waste treatment procedures that could produce electricity. 

However, the waste energy contributed to a small share to the coun try‟s 

electricity production, minimizing any over/under estimation of the GHG 

emission estimates over the recent years. 

 

5.3 Emissions and electricity production from RES based on 
NREAP 

Photovoltaic plants installed capacity and their electricity production 

exceeded already the future target since 2014. The onshore wind electricity 

production was shown to be increased by almost four times from 2014 up to 

2020 according to national renewable energy action plan. The wind energy 

contributed by a large share among renewable energy sources with the PV 

plants to be followed in the non interconnected areas of the country. The 

offshore wind energy should be exploited over the years especially in the non-

interconnected islands because of the high potential of the wind in such areas. 

Bear in mind that GHG lifecycle emission estimates of offshore wind are the 

lowest among the renewable energy technologies. However, further 

infrastructure of the regional grids, advanced power management as well as 

submarine interconnections to the mainland grid are essential in order to 

support and contribute safely and unimpeded the electricity to the end 
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consumers. Also, the costs of the offshore wind parks have to be considered in 

order exploitation and penetration of such technology to become affordable in 

the future. Further considerations have to be taken for the exploitation of CSP 

technology concerning costs and environmental impact. However, no any 

offshore and CSP installation data was noticed by the time this thesis was 

written. 

 

5.4 Costs 

In the previous chapters an attempt was made to compare the different 

electric power generation technologies based on CAPEX and O&M costs for a 

50 year period of operation. As for the comparison several assumptions were 

made, the result is not as representative as it should have been because factors 

such as cost of fuel and system efficiencies were not taken into account. The 

most representative method to compare these technologies is the LCOE. As 

mentioned before in the 3rd chapter, LCOE stands for Levelised Cost of 

Electricity which essentially means “how much it costs to generate electricity”. 

The following Figures 5.1 (renewable power plants) and 5.2 

(conventional power plants) show the levelised costs of electricity split in invest 

costs, O&M costs, fuels costs and CO2 costs. The invest costs are based on the 

equivalent annual cost method at 10% discount rate. CO2 costs are based on a 

certificate price of 30€/tCO2. A difference of 10€/tCO2 changes the LCOE by 6% 

for gas, 11-13% for hard coal and 13-17% for lignite. 

The data below show that renewable technologies such as wind and 

solar may not be cheap to build, but they have no fuel costs once they‟re up and 

running, and generally have lower O&M costs as well. Also, wind power plants 

and solar power plants are becoming cost-competitive to some conventional 

and even though they offer many health and environmental advantages over 

fossil fuels, these are still considered intermittent sources because the sun is 

not always shinning and the wind is not always blowing. As a result, wind and 

solar are unable to entirely replace the services that certain conventional 

baseload sources provide to the system. 

Finally, transmission is another important issue, especially for power 

sources that are limited to certain areas but it can also allow power plants to 

serve faraway customers. 
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Figure 5.1 – Levelised costs of electricity - Renewables 

(VGB, 2011) 

 

 

 
Figure 5.2 – Levelised costs of electricity – Conventional Technologies 

(VGB, 2011) 
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Chapter 6 – Conclusions 

The use of lignite for the power plants was reduced over the years.  

Power plants powered by natural gas entered to the national grid in the recent 

years. Many of them are private owned plants utilizing combined cycle gas 

turbine with high efficiencies for producing electricity. Natural gas has the lowest 

life cycle GHG emission factor among the fossil fuels. A future expansion of gas 

infrastructure in combination with a gradually stoppage of lignite power plants 

will reduce the GHG emissions drastically. The planned construction of TAP gas 

line will reinforce the gas pipe network around the country towards an energy 

hub. The gas power stations could be expanded around the mainland to support 

the electricity production required by the end customers. The expansion of 

renewable energy sources in the islands of the Aegean Sea together with their 

interconnections to the mainland‟s national grid could reduce the use of oil 

power stations in those islands and hence reduce the GHG emissions. 

Especially, focus on development of offshore wind parks has to be given. Bear 

in mind that offshore wind energy has the lowest life cycle GHG emissions 

factors as derived in the previous „methodology‟ chapter. Offshore wind energy 

parks could be developed near to the islands and interconnections between 

them have to be considered, especially for those islands that are not far away 

each other. Also, islands‟ interconnections to the mainland where is 

economically feasible have to be considered. The construction of submarine 

electric grid infrastructure and the right power management system in the 

islands could help the fuel oil power plants to be replaced by RES gradually 

over the years. However, the intermittent nature of wind and solar resources are 

an obstacle for these power plants to entirely replace conventional baseload 

power plants, so they have to be combined with both storage and baseload 

units. Finally, the singularity of the country because of the scattered islands fact 

reinforces several feasibility studies to be taken into account in order RES to be 

fully expanded and fossil fuels to be replaced by them through the years. 
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Appendices 

A: Emissions estimates. Fossil fuels and RES over recent years 

 
2009 

     

 
GWh kWh gCO2eq/kWh gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

Coal 34188 3,42E+10 1050 4E+13 3,6E+10 3,6E+07 35897,4 

Oil 7679 7,68E+09 678 5E+12 5,2E+09 5206362 5206,362 

Gas 11023 1,1E+10 493 5E+12 5,4E+09 5434339 5434,339 

Biofuels 218 2,18E+08 96,1 2E+10 2,1E+07 20949,8 20,9498 

Waste 19 19000000 451,5 9E+09 8578500 8578,5 8,5785 

Hydro* 5645 5,65E+09 20 1E+11 1,1E+08 112900 112,9 

Geothermal 0 0 50 0 0 0 0 

Solar PV 50 50000000 60,8 3E+09 3040000 3040 3,04 

Solar   
thermal 

0 0 22 0 0 0 0 

Wind 2543 2,54E+09 16 4E+10 4,1E+07 40688 40,688 

Total 61365 
     

46724,257 

        

        

 
2010 

     

 
GWh kWh gCO2eq/KWh gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

Coal 30797 3,08E+10 1050 3E+13 3,2E+10 3,2E+07 32336,85 

Oil 6089 6,09E+09 678 4E+12 4,1E+09 4128342 4128,342 

Gas 9830 9,83E+09 493 5E+12 4,8E+09 4846190 4846,19 

Biofuels 190 1,9E+08 96,1 2E+10 1,8E+07 18259 18,259 

Waste 129 1,29E+08 451,5 6E+10 5,8E+07 58243,5 58,2435 

Hydro* 7485 7,49E+09 20 1E+11 1,5E+08 149700 149,7 

Geothermal 0 0 50 0 0 0 0 

Solar PV 158 1,58E+08 60,8 1E+10 9606400 9606,4 9,6064 

Solar   
thermal 

0 0 22 0 0 0 0 

Wind 2714 2,71E+09 16 4E+10 4,3E+07 43424 43,424 

Total 57392 
     

41590,615 

        

        

 
2011 

     

 
GWh kWh gCO2eq/KWh gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

Coal 31063 3,11E+10 1050 3E+13 3,3E+10 3,3E+07 32616,15 

Oil 5915 5,92E+09 678 4E+12 4E+09 4010370 4010,37 

Gas 13938 1,39E+10 493 7E+12 6,9E+09 6871434 6871,434 

Biofuels 207 2,07E+08 96,1 2E+10 2E+07 19892,7 19,8927 

Waste 113 1,13E+08 451,5 5E+10 5,1E+07 51019,5 51,0195 

Hydro* 4275 4,28E+09 20 9E+10 8,6E+07 85500 85,5 

Geothermal 0 0 50 0 0 0 0 
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Solar PV 610 6,1E+08 60,8 4E+10 3,7E+07 37088 37,088 

Solar   
thermal 

0 0 22 0 0 0 0 

Wind 3315 3,32E+09 16 5E+10 5,3E+07 53040 53,04 

Total 59436 
     

43744,494 

        

        

 
2012 

     

 
GWh kWh gCO2eq/KWh gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

Coal 31119 3,11E+10 1050 3E+13 3,3E+10 3,3E+07 32674,95 

Oil 6080 6,08E+09 678 4E+12 4,1E+09 4122240 4122,24 

Gas 13361 1,34E+10 493 7E+12 6,6E+09 6586973 6586,973 

Biofuels 204 2,04E+08 96,1 2E+10 2E+07 19604,4 19,6044 

Waste 60 60000000 451,5 3E+10 2,7E+07 27090 27,09 

Hydro* 4591 4,59E+09 20 9E+10 9,2E+07 91820 91,82 

Geothermal 0 0 50 0 0 0 0 

Solar PV 1694 1,69E+09 60,8 1E+11 1E+08 102995 102,9952 

Solar   
thermal 

0 0 22 0 0 0 0 

Wind 3850 3,85E+09 16 6E+10 6,2E+07 61600 61,6 

Total 60959 
     

43687,273 

        

        

 
2013 

     

 
GWh kWh gCO2eq/KWh gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

Coal 26406 2,64E+10 1050 3E+13 2,8E+10 2,8E+07 27726,3 

Oil 5414 5,41E+09 678 4E+12 3,7E+09 3670692 3670,692 

Gas 10860 1,09E+10 493 5E+12 5,4E+09 5353980 5353,98 

Biofuels 216 2,16E+08 96,1 2E+10 2,1E+07 20757,6 20,7576 

Waste 85 85000000 451,5 4E+10 3,8E+07 38377,5 38,3775 

Hydro* 6384 6,38E+09 20 1E+11 1,3E+08 127680 127,68 

Geothermal 0 0 50 0 0 0 0 

Solar PV 3648 3,65E+09 60,8 2E+11 2,2E+08 221798 221,7984 

Solar   
thermal 

0 0 22 0 0 0 0 

Wind 4139 4,14E+09 16 7E+10 6,6E+07 66224 66,224 

Total 57152 
     

37225,81 

        

        

 
2014 

     

 
GWh kWh gCO2eq/KWh gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

Coal 25746 2,57E+10 1050 3E+13 2,7E+10 2,7E+07 27033,3 

Oil 5544 5,54E+09 678 4E+12 3,8E+09 3758832 3758,832 

Gas 6776 6,78E+09 493 3E+12 3,3E+09 3340568 3340,568 

Biofuels 220 2,2E+08 96,1 2E+10 2,1E+07 21142 21,142 

Waste 100 1E+08 451,5 5E+10 4,5E+07 45150 45,15 
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Hydro* 4607 4,61E+09 20 9E+10 9,2E+07 92140 92,14 

Geothermal 0 0 50 0 0 0 0 

Solar PV 3792 3,79E+09 60,8 2E+11 2,3E+08 230554 230,5536 

Solar   
thermal 

0 0 22 0 0 0 0 

Wind 3689 3,69E+09 16 6E+10 5,9E+07 59024 59,024 

Total 50474 
     

34580,71 

 

B: Emissions estimates in 2012. For interconnected and non-
interconnected areas  
                                                                                                                                                  

Electricity 
production                

(2012) 

Interconnected 
(GWh) 

Interconnected    
(kWh) 

gCO2eq 
/kWh 

gCO2eq kgCO2eq tonCO2eq ktonCO2eq 

Wind 3156,2 3156200000 16 50499200000 50499200 50499,2 50,4992 

Biomass 196,51 196510000 318 62490180000 62490180 62490,18 62,49018 

Hydroelectric 4591,6 4591600000 20 91832000000 91832000 91832 91,832 

PV 1215,88 1215880000 60,8 73925504000 73925504 73925,504 73,925504 

Total 9160,19 9160190000  2,78747E+11 278746884 278746,884 278,746884 

 

Electricity 
production  

(2012) 

Non 
interconnected    

(GWh) 

Non 
interconnected   

(kWh) 

gCO2eq 
/kWh 

gCO2eq kgCO2eq tonCO2eq ktonCO2eq 

Wind 689,34 689340000 16 11029440000 11029440 11029,44 11,02944 

Biomass 0 0 318 0 0 0 0 

Hydroelectric 0,95 950000 43,36 41192000 41192 41,192 0,041192 

PV 183,65 183650000 60,8 11165920000 11165920 11165,92 11,16592 

Total 873,94 873940000  22236552000 22236552 22236,552 22,236552 

 

C: Emissions estimates from RES, based on future scenario 

 2016 kWh gCO2eq/KWh gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

 GWh       

Hydro:        

<1MW 135 135000000 43,36 5,854E+09 5853600 5853,6 5,8536 

1MW - 10 

MW 

737 737000000 43,36 3,196E+10 31956320 31956,32 31,95632 

>10MW 4840 4840000000 20 9,68E+10 96800000 96800 96,8 
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Of which 

pumping 

774 774000000 20 1,548E+10 15480000 15480 15,48 

Geothermal 123 123000000 50 6,15E+09 6150000 6150 6,15 

Photovoltaic 1913 1913000000 60,8 1,163E+11 1,16E+08 116310,4 116,3104 

CSP 314 314000000 146 4,584E+10 45844000 45844 45,844 

Wind 

Onshore 

10425 1,0425E+10 16 1,668E+11 1,67E+08 166800 166,8 

Wind 

offshore 

107 107000000 9,15 979050000 979050 979,05 0,97905 

Biomass 

solid 

137 137000000 318 4,357E+10 43566000 43566 43,566 

Biomass 

biogas 

511 511000000 451,5 2,307E+11 2,31E+08 230716,5 230,7165 

Total 20016      760,45587 

        

        

 2017 kWh gCO2eq/KWh gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

 GWh       

Hydro:        

<1MW 139 139000000 43,36 6,027E+09 6027040 6027,04 6,02704 

1MW - 10 

MW 

760 760000000 43,36 3,295E+10 32953600 32953,6 32,9536 

>10MW 4839 4839000000 20 9,678E+10 96780000 96780 96,78 

Of which 

pumping 

773 773000000 20 1,546E+10 15460000 15460 15,46 

Geothermal 123 123000000 50 6,15E+09 6150000 6150 6,15 

Photovoltaic 2157 2157000000 60,8 1,311E+11 1,31E+08 131145,6 131,1456 

CSP 400 400000000 146 5,84E+10 58400000 58400 58,4 

Wind 

Onshore 

11538 1,1538E+10 16 1,846E+11 1,85E+08 184608 184,608 

Wind 

offshore 

213 213000000 9,15 1,949E+09 1948950 1948,95 1,94895 

Biomass 

solid 

286 286000000 318 9,095E+10 90948000 90948 90,948 

Biomass 

biogas 

576 576000000 451,5 2,601E+11 2,6E+08 260064 260,064 

Total 21804 2,1804E+10     884,48519 

        

        

 2018 kWh gCO2eq/KWh gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

 GWh       

Hydro:        

<1MW 139 139000000 43,36 6,027E+09 6027040 6027,04 6,02704 
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1MW - 10 

MW 

760 760000000 43,36 3,295E+10 32953600 32953,6 32,9536 

>10MW 4746 4746000000 20 9,492E+10 94920000 94920 94,92 

Of which 

pumping 

776 776000000 20 1,552E+10 15520000 15520 15,52 

Geothermal 123 123000000 50 6,15E+09 6150000 6150 6,15 

Photovoltaic 2402 2402000000 60,8 1,46E+11 1,46E+08 146041,6 146,0416 

CSP 486 486000000 146 7,096E+10 70956000 70956 70,956 

Wind 

Onshore 

12831 1,2831E+10 16 2,053E+11 2,05E+08 205296 205,296 

Wind 

offshore 

321 321000000 9,15 2,937E+09 2937150 2937,15 2,93715 

Biomass 

solid 

290 290000000 318 9,222E+10 92220000 92220 92,22 

Biomass 

biogas 

579 579000000 451,5 2,614E+11 2,61E+08 261418,5 261,4185 

Total 23453      934,43989 

        

        

 2019 kWh gCO2eq/KWh gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

 GWh       

Hydro:        

<1MW 146 146000000 43,36 6,331E+09 6330560 6330,56 6,33056 

1MW - 10 

MW 

809 809000000 43,36 3,508E+10 35078240 35078,24 35,07824 

>10MW 5584 5584000000 20 1,117E+11 1,12E+08 111680 111,68 

Of which 

pumping 

1694 1694000000 20 3,388E+10 33880000 33880 33,88 

Geothermal 123 123000000 50 6,15E+09 6150000 6150 6,15 

Photovoltaic 2646 2646000000 60,8 1,609E+11 1,61E+08 160876,8 160,8768 

CSP 629 629000000 146 9,183E+10 91834000 91834 91,834 

Wind 

Onshore 

14790 1,479E+10 16 2,366E+11 2,37E+08 236640 236,64 

Wnd 

offshore 

450 450000000 9,15 4,118E+09 4117500 4117,5 4,1175 

Biomass 

solid 

364 364000000 318 1,158E+11 1,16E+08 115752 115,752 

Biomass 

biogas 

707 707000000 451,5 3,192E+11 3,19E+08 319210,5 319,2105 

Total 27942      1121,5496 

        

        

 2020 kWh gCO2eq/KWh gCO2eq KgCO2eq tnCO2eq ktonCO2eq 



The energy system of Greece. A Techno-economic and Environmental Approach 

 

99 

 

 GWh       

Hydro:        

<1MW 150 150000000 43,36 6,504E+09 6504000 6504 6,504 

1MW - 10 

MW 

833 833000000 43,36 3,612E+10 36118880 36118,88 36,11888 

>10MW 5593 5593000000 20 1,119E+11 1,12E+08 111860 111,86 

Of which 

pumping 

1703 1703000000 20 3,406E+10 34060000 34060 34,06 

Geothermal 736 736000000 50 3,68E+10 36800000 36800 36,8 

Photovoltaic 2891 2891000000 60,8 1,758E+11 1,76E+08 175772,8 175,7728 

CSP 714 714000000 146 1,042E+11 1,04E+08 104244 104,244 

Wind 

Onshore 

16125 1,6125E+10 16 2,58E+11 2,58E+08 258000 258 

Wind 

offshore 

672 672000000 9,15 6,149E+09 6148800 6148,8 6,1488 

Biomass 

solid 

364 364000000 318 1,158E+11 1,16E+08 115752 115,752 

Biomass 

biogas 

895 895000000 451,5 4,041E+11 4,04E+08 404092,5 404,0925 

Total 30676      1289,35298 

 

 

D: Emissions estimates from solar heating, based on future    
     scenario 

 

2016 MWh kWh gCO2eq/KWh(heat) gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

Solar         
Heating 

3256,4 3256700 22 71647400 71647,4 71,6474 0,0716474 

        

2017 MWh kWh gCO2eq/KWh(heat) gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

Solar         
Heating 

3512,26 3512260 22 77269720 77269,72 77,26972 0,0772697 

        

2018 MWh kWh gCO2eq/KWh(heat) gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

Solar         
Heating 

3756,5 3756500 22 82643000 82643 82,643 0,082643 

        

2019 MWh kWh gCO2eq/KWh(heat) gCO2eq KgCO2eq tnCO2eq ktonCO2eq 

Solar         
Heating 

3965,83 3965830 22 87248260 87248,26 87,24826 0,0872483 

        

2020 MWh kWh gCO2eq/KWh(heat) gCO2eq KgCO2eq tnCO2eq ktonCO2eq 
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Solar         
Heating 

4128,65 4128650 22 90830300 90830,3 90,8303 0,0908303 

 


