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Opening by Mr. Miltiades MAKRYGIANNIS 
Deputy Secretary General, Parliamentary Assembly of the BSEC-PABSEC 

 

Dear Ambassadors, 

Dear Professors, 

Dear participants, 

Ladies and Gentlemen, 

On behalf of the Parliamentary Assembly of the Black Sea Economic Cooperation and on behalf of 
PABSEC Secretary General Mr. Asaf Hajiyev, I would like to congratulate the Energy Policy and 
Development Center and Professor Dimitrios Mavrakis for his initiative to organize this Kick-off 
Meeting concerning HERON Project and to express our gratitude for his efforts to maintain active 
and strong the cooperation between the Parliamentary Assembly of the Black Sea Economic 
Cooperation and the Energy Policy and Development Center . 

Although the Black Sea region is characterized by extreme regional disparities and a great number 
of problems and challenges, undoubtedly serves as a crucial oil & gas transportation corridor and at 
the same time consist a valuable natural asset of global importance.  

Black Sea has not followed the urbanisation and industrialisation models of other parts of Europe, 
which led to fast environmental decline; however, the region faces severe environmental threats and 
future risks. 

Energy production and consumption are the main contributors to the generation of greenhouse gas 
emissions and other air pollutants, oil and nuclear waste. The energy sector constitutes the backbone 
of economy for the countries of Black Sea, concerning either production or transportation, and 
therefore environmental impacts in the area are more evident than anywhere else. 

It is already evident that climate is changing and the Black Sea area is particularly susceptible to this 
kind of changes.  

Despite the plenitude of institutions and structures in the Black Sea area, it seems that there is a lack 
of political commitment, which influences negatively policy making procedures and national or 
regional cooperation. 

In this framework, scientific and political debates agree on the need for a strengthened, more 
effective, and more coherent institutional and legislative framework for international and regional 
cooperation and environmental governance. To this end, the participation of the EU in certain 
organisations and conventions would act as a driving force in improving the legislative framework 
and enhancing cooperation among the Black Sea states. 

In order to guarantee security, stability and prosperity in the Black Sea region, an ambitious and 
coherent policy in the field of Renewable Energy Sources is also a crucial requirement for the BSEC 
organization. 

Such an energy policy should rely on a common political will and respond to security of energy 
supply, economic growth, sustainable development, climate change, employment and technological 
development. Renewable energy technologies in combination with energy efficiency have a positive 
effect on all these goals.  

The Parliamentary Assembly of BSEC has always been placing emphasis to the issue of energy 
efficiency, green energy and environmental protection. Our Assembly has debated many times on 
energy and environmental challenges and has adopted several Reports and Recommendations. These 
documents outline the basic strategy of our Parliamentary Assembly on this issue.  

The main point to all these documents is that national Parliaments have to pay more attention to 
policies and programmes that achieve a better balance between development and environmental 
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energy system more flexible and viable, offering improvements in security of supply and a series of 
important environmental, economic and social benefits. We all hope that the upcoming Paris 2015 
UNFCCC conference will achieve its goal and succeed, for the first time in over 20 years of UN 
negotiations, a binding and universal agreement on climate, from all the nations of the world. 

 

Thank you. 
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Opening by Mrs. Aliki PAPPA 
Director of Department for European Union issues, General Secretariat for Research and Technology 

 

Dear Ambassador/s 

(Good morning), Distinguished guests, Ladies and Gentlemen 

First of all, I would like to convey the apology from Thomas MALOUTAS, Secretary-General for 
research and Technology, Ministry of Education, Research and religious affairs, for not being able 
to come to this opening session. 

We are delighted to welcome you all to the 8th International Conference on Energy and climate 
change and to Athens as well. You have a full and challenging agenda, with high level experts in the 
fields of energy and climate change, sectors crucially important for the sustainable development with 
new jobs. The technological development of these sectors is also expected to contribute to facing the 
major societal challenges all over the world such as to mitigate climate change and its implications 
and at the same time to ensure the humanity of the required energy resources and to provide access 
to them with affordable prices. 

My organization, the GSRT, is responsible for the coordination of RTD policies in Greece and it is 
also the main competent body for policy planning and funding of RTDI programmes and research 
infrastructures. In parallel, GSRT represents Greece to the EU and other International organizations 
dealing with S&T matters. In this context, amongst others, GSRT is the body responsible for the 
RTD and Demonstration EU Frameworks Programmes.  

Currently the E. Commission runs the 8th FP, known as the HORIZON 2020. This programme is 
designed in a way to contribute to the EU 2020 strategy and objectives. These objectives, which as 
you know, are linked to the increase of energy efficiency, the increase of the share of renewable 
energy resources in the final consumption and the reduction of CO2 emissions.  

The content of Horizon 2020 and its funding opportunities as well as our efforts to support the Greek 
stakeholders to participate successfully in the Horizon 2020 calls will be presented in the session 6 
by Mrs. SIABEKOY, our national contact point. What I would like to mention on this topic is the 
good participation of the Greek organizations (HES, research centers, private sector) in the Horizon 
2020 calls, which  is close to 2, 5 % of the total budget (11th out of 28 M-S). In the OP secure, clean 
and Efficient Energy-Horizon 2020, there are Greek participants in 19 projects (4 coordinators) out 
of 159 approved projects, with a total budget of 8.391.783 Euros (2,4%). However we think that our 
participation can be further improved. I would like to draw your attention to the quality of proposal 
(our success rate continues to be under the EU average), as well as to the better use of some H2020 
instruments like the Instruments in support of SMEs, access to risk finance and others.  

The lack of national resources for R&D limits the Greek participation to the ERA-related instruments 
like joint programmic initiatives (one is on climate change), articles 185 (AAL, clinical trials), ESFRI 
Research infrastructures, ERANETS-COFUND etc. To mitigate this effect, GSRT gives priority to 
actions that are in synergy and complementarity between HORIZON 2020 (programs and research 
infrastructures/ESFRI) and structural/investment funds.  

At national level and in relation to the work of GSRT as a policy planning and funding organization 
it is worth mentioning that the National Research and Innovation Strategy for smart specialization 
2014-2020 has been approved recently with a total budget close to 1 million Euros. 

The sector of energy and the sector of environment-climate Change are amongst the 8 focus areas of 
our smart specialization strategy. In the area of Environment, GSRT intends to implement specific 
activities with a major impact on climate and environmental protection. In the energy sector the 
foreseen actions are expected to contribute to the improvement of the competitiveness of Greek 
economy (products and services). The energy saving/energy efficiency in industrial and agricultural 
sector as well as in buildings, the renewable energies and its storage, the Smart  grids and the system 
for transferring and delivering electricity, and the reduction of implications from the use of 
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The idea is to use the produced ashes, through a chemical process, as capturing material of the emitted 
CO2. We cooperate with the Polish Academy of Sciences and our aim is to develop a consortium 
consisted of academic institutions and coal fired power stations that will submit a proposal in the 
context of H2020. Our latest contacts with Turkish potential partners maybe proved successful. 

Ladies and Gentlemen 

I have already presented you the framework of our efforts, our main capacities and perspectives of 
cooperation. 

The 8th international conference that has just opened is developed in three parts where the first aimed 
to communicate with all of you that honor us with your participation. The second will cover the 
scientific contribution of our foreign and Greek participants while during the third we will try to 
investigate common interests for joint projects especially in the context of H2020 and INTERREG 
calls for proposals. 

Thank you for coming to this opening and you are kindly invited for a coffee at the reception hall. 
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Figure 2: Final energy consumption for space heating and hot water supply. 

6. Results 

III.1 Final energy consumption 

Final energy demand for space heating and 
hot water decreases considerably in the three 
scenarios for the period from 2013 to 2050 
(see Fig. 2). The energy demand for heat and 

hot water supply in residential buildings drops 
by 35% by 2050 in the BaU scenario. This 
drop is due to the demolition of older 
buildings and the construction of new energy-
efficient building as well as the energy-
efficient renovation of old housing stock. 
Overall, the energy demand in the BaU 

Figure 1: Residential building stock 2012. 
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scenario is reduced by 730 PJ by 2050. 
Accounting for almost 600 PJ, natural gas is 
the dominant energy carrier. 

The calculations for the TI scenario show 
that doubling the rate of energy efficiency 
improvement to 2% per annum combined with 
a tightening of energy efficiency standards 
compared to the situation in the BaU scenario 
are the main factors that lead to a saving of 
more than 560 PJ by 2050. Overall, the heat 
demand up to 2050 in the TI scenario 
decreases by a further 27% compared to levels 
in 2012. The energy demand therefore drops 
to approx. 800 PJ by 2050. The largest 
decrease among the energy carriers by 2050 
was ascertained for the use of natural gas, 
which drops by almost 710 PJ. Heating oil 
consumption drops by 450 PJ and in 2050 
only a residual demand of 16 PJ for heat and 
hot water supply in private households needs 
to be covered by heating oil. Power 
consumption is reduced by almost 115 PJ and 
the use of district heating by a total of some 
80 PJ by 2050. By adding biogas to 
conventional natural gas, this renewable gas 
mixture covers around 3% of the final energy 
demand in 2050 with 22 PJ. The share of 
renewables excluding renewable gases is 
successfully increased by more than 400 PJ by 
2050. 

The building renovation measures and 
measures for increasing the efficiency of 
heating systems in the MHS scenario enable 
the 2012 final energy demand of households 
for space heating and hot water to be reduced 
by almost 50% (1,040 PJ) by 2050. The 
demand for heat up to 2050 therefore 
decreases by almost 310 PJ more than in the 
BaU scenario. However, the savings are lower 
in the BaU scenario than in the TI scenario. 
The additional savings in the TI scenario 
compared to the BaU scenario can be 
explained by shorter replacement cycles for 
heating systems and predominantly by the 
growing use of innovative heating systems 
such as micro-CHP units. Heating oil is 
completely replaced by other energy carriers 
by 2050. The use of conventional natural gas 
is decreased by 620 PJ by 2050. In contrast, 
the use of renewable gases is increased to 
64 PJ by 2050 through the admixtures of H2 
and biogas. The renewable gas mixture has a 
share of 6% in the total energy demand in 
2050. The power demand decreases by more 

than 90 PJ in total by 2050 and the energy 
demand for local and district heat increases by 
17 PJ. The share of renewables from biomass, 
solar energy, and environmental heat 
increases by 27%. 

An indicator for energy savings is the area-
specific energy consumption for the 
production of space heating and hot water. 
The values shown in Fig. 2 apply to the entire 
residential building stock. The area-specific 
consumption decreases for inhabited living 
space from 168 kWh/(m2a) in 2012 to 
103 kWh/(m2a) in the BaU scenario by 2050. 
Due to the measures in the TI and MHS 
scenarios, an area-specific demand of 61 
kWh/(m2a) and 80 kWh/(m2a), respectively, 
emerges. 

III.2  Primary energy consumption and 
CO2 emissions.  

If the energy demand for space heating and 
hot water in the TI and MHS scenarios is 
calculated using the primary energy factors 
defined in EnEV [EnEV, 2013], then the 
primary energy consumption (PEC) can be 
determined. Fig. 3 shows that both scenarios 
achieve the 80% reduction envisaged in the 
Energy Concept by 2050 compared to levels 
in the base year 2008. Primary energy 
demand, therefore, drops by 80% in the MHS 
scenario (PEC-MHS) by 2050. In the TI 
scenario, primary energy demand is reduced 
by almost 84% in 2050. In addition, the 
emissions savings verify that CO2 emissions 
produced by space heating and hot water 
supply of 28% in 2012 are decreased by 2050 
in both scenarios by more than 80% compared 
to 1990 levels. The climate target of -80% 
compared to 1990 levels has therefore been 
exceeded in the MHS scenario (MHS-CO2) 
where emissions are reduced by 88% and in 
the TI scenario (TI-CO2) with a reduction of 
91%. 

In the BaU scenario, over the course of the 
scenario up until 2050, emissions are 
successively reduced. In 2050, the emissions 
reduction totals a good 120 million tCO2 and 
emissions are thus 71% lower than levels in 
1990. The measures for increasing efficiency 
and reducing CO2 emissions that are already 
in place today and are extrapolated up to 2050 
are responsible for this reduction. Climate 
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Abstract  
Local governments play a crucial role in reducing Greenhouse Gas (GHG) emissions. In order 
to endorse and support the efforts of local authorities, in 2008 the European 
Commission launched the Covenant of Mayors. Covenant signatories commit to reduce CO2 by 
at least 20% in 2020, to prepare a Baseline Emission Inventory (BEI) and to submit a Sustainable 
Energy Action Plan (SEAP). 

This paper analyses data from the BEIs and SEAPs of a sample of 124 cities. The aim is to assess 
the coherence between BEIs and SEAPs in the city sample. The paper is structured as follows: 
i) analysis of the emissions and emissions reductions commitments distribution for emissive 
sectorial sources; ii) cities sub-divisions into classes of analysis based on different variables; iii) 
analysis of the sectorial distribution of emissions and of emission reductions commitments 
related to the classes of analysis; iv) assessment of the most relevant categories of actions to 
reduce emissions and policy instruments in the achievement of reduction targets. Cities in the 
sample are committed to achieve an average reduction of 25% of emissions by 2020 with respect 
to baseline emissions. The distribution of intended emission reductions is coherent with the 
weight of emissions for different sectors. Building and Transport stand out as the most relevant 
sectors for emission reductions in SEAPs. Local electricity production is a very promising sector 
while the industrial sector (non-ETS) is expected to yield a minor contribution to the overall 
target, despite its relevance in the BEI. In order to study the variables that may influence the CO2 
emissions and emissions reductions commitments distribution, cities have been grouped into 
classes of analysis according to 6 variables. The variables that influence both emissions and 
emissions reduction are population density and Gross Domestic Product (GDP). No other 
variable is significant for the emissions reduction, instead for inventory emissions both 
Electricity Emission Factor (EEF) and geographical area result to be significant. In general, the 
category of actions that have more potential for CO2 reduction belong to the building and local 
electricity production sector (integrated action on buildings, combined heat and power and wind 
power). The policy levers with more CO2 emission reduction potential are from building and 
transport sectors (energy management and organization, management and organization, 
infrastructure and construction, transport / mobility planning regulation). 

The strength of results sometimes is constrained by the number of cities in the sample and the 
limited degree of details provided by some of them. Nonetheless, the uniform approach to 
emission accounting ensures the comparability of cities and the consistency of results with regard 
to available data. 
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1. Introduction  

1.1 Role of cities in climate change 
mitigation  

Cities are responsible for 67% (IEA, 2012) 
of the total global energy consumption and 
more than 70% of greenhouse gas emissions. 
Data from world cities suggest that climate, 
technology, density and wealth are important 
drivers of energy use and CO2 emissions 
(Kennedy et al., 2009). However, the 
empirical relation between urbanization and 
GHG emission per capita is not conclusive 
(Lankao et al. 2008). Inventories show that 
levels of urban emissions per capita can differ 
considerably in the world, from 2 to 30 tCO2eq 
(Dodman, 2009; Kennedy et al., 2009; 
Sovacool and Brown, 2009). Differences in 
emissions levels depend on specific local 
features: climate conditions, urban form, 
demographic features, economic activities in 
place, state of technology, mobility and 
housing infrastructures and prices, income and 
life style of city residents and users (UN-
Habitat, 2011; Croci et al., 2011). 

In the context of increasing energy import 
costs and risks, municipalities have the 
administrative power to decrease their energy 
dependence. They are increasingly recognised 
to have a high potential to drive sustainable 
energy and climate change mitigation thanks 
to their competences in several climate-related 
sectors. Thus, sub-national and local actors 
need to be involved by central governments to 
properly address energy and climate change 
issues (Bulkeley et al., 2013). 

1.2 The Covenant of Mayors initiative  

The Covenant of Mayors (CoM) was 
launched in 2008 by the European 
Commission to endorse and support the 
efforts of local authorities for GHG reduction 
and energy efficiency. By mid-May 2014 
5.296 local authorities signed the CoM, for a 
total of ca. 160 million inhabitants in the EU-
28, and ca. 186 million inhabitants in the 
whole initiative (JRC, 2015). 

CoM signatories commit to a CO2 
reduction target (20% minimum) for year 
2020, compute a Baseline Emission 
                                                      
71 The acceptance of the SEAP assures that a quality 
check of the baseline emission inventory and the 
expected emission reduction, as performed by the Joint 

Inventory (BEI) and submit a Sustainable 
Energy Action Plan (SEAP). The BEI is a 
quantification of the amount of CO2 emitted 
due to energy consumption in the territory of 
a Covenant signatory within a given period of 
time. It allows to identify the principal sources 
of CO2 emissions and their respective 
reduction potentials (EU, 2010). The SEAP is 
the key document in which the Covenant 
signatory outlines how it intends to reach its 
CO2 reduction target. It defines the activities 
and measures set up to achieve the targets, 
together with time frames and assigned 
responsibilities.  

1.3 Objectives of the paper 

This paper analyses data from the BEIs 
and SEAPs of a sample of 124 cities. The aim 
is to assess the coherence between BEIs and 
SEAPs in the city sample and to verify if there 
is any relation in the emission and emissions 
reductions distribution among sectors based 
on significant variables. The paper is 
structured as follows: i) analysis of the 
emissions and emission reductions 
commitments distribution for emissive 
sectorial sources; ii) cities sub-divisions into 
classes of analysis based on different 
variables; iii) analysis of the sectorial 
distribution of emissions and of emissions 
reductions commitments related to the classes 
of analysis; iv) assessment of the most 
relevant categories of actions to reduce 
emissions and policy instruments in the 
achievement of reduction targets. 

2. Methodology  

2.1 Definition of the sample 

The analysis is based on data provided by 
a subset of cities participating in the EU 
Covenant of Mayors initiative. The cities 
included in the sample have been selected 
based on their size and on the SEAP 
acceptance status71. All European cities with 
more than 100.000 inhabitants and with an 
accepted SEAP by February 2014 are included 
in the study.  

This yields a sample of 124 cities, with 
population ranging from about 108.000 to 
7.67 million. Cities are spread across Europe: 

Research Centre of the European Commission, has been 
successfully passed. 
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Graph 1: Classification for the building sector. 

 

Graph 2: Distribution of cities by share of disaggregated emissions and expected emission reductions. 
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Graph 3: Distribution of total declared emissions by subsector and sector (with respect to total BEI). 

Graph 4: Expected emission reduction by subsector and sector (with respect to total SEAP). 

3. Results   

3.1 Descriptive statistics of baseline 
emissions and planned emission reductions 
(BEI and SEAP) 

3.1.1 Total emissions and planned emission 
reductions 

Cities in the sample account for a total of 370 
Mton of greenhouse gas emissions for selected 
baseline years and 94 Mton of planned 
reductions of yearly emissions, to be reached 

                                                      
79  Indeed, most cities in the sample computed direct 
emissions based on IPCC emission factors, while only 
12% followed a LCA approach. On the contrary, almost 
half of the cities (45%) included emissions of other 

by 2020. This mainly corresponds to direct 
CO2 emissions in sectors covered by the 
Covenant of Mayors79. 

Total emissions in the sample correspond to 
10% of total CO2 emissions from the 
European Union in 2013, in all sectors (Jos et 
al., 2014). The total level of emission 
reduction planned by cities corresponds to 
25% of baseline emissions in the sample, 
beyond the minimum target of 20% required 
by the CoM.  

greenhouse gases in the inventory, converted into CO2 
equivalents according to their global warming potential, 
but their importance in CoM sectors is minor.   
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Graph 5: Distribution of emission between sectors (with respect to total emissions disaggregated by 
subsectors) by Population. 

3.1.2 Breakdown of emissions end expected 
emission reduction 

The analysis of self-reported data in BEIs and 
SEAPs confirms that cities face increasing 
difficulties in computing emissions and 
emission reductions at the increase of the 
degree of detail (disaggregation) to be 
provided (sector; subsector; energy source; 
SEAP actions; etc.). In order to encourage 
cities to join the CoM, only reporting at sector 
level is mandatory, thus the detail of analysis 
is sometimes limited by data availability. 

More than 75% of total emissions reported in 
baseline inventories can be disaggregated 
between the main sectors of analysis 

(Buildings; Transport; Public Lighting; 
Industry; Other). The distribution of 
emissions between sectors and subsectors, as 
a percentage of total declared emissions for all 
the cities in the sample, is reported in Graph 3, 
with blue bars referring to emissions in the 
subsectors and red bars referring to aggregated 
emissions by sector (as a sum of blue bars on 
the left). 

Non-disaggregated emissions derive mainly 
by a limited number of cities that do not 
perform any disaggregation between sectors 
(graph 2, left side). Very few cities provide a 
partial disaggregation. 
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Graph 6:  Distribution of emissions between sectors  (with respect to total of emissions disaggregated by 
subsectors) by density. 

Cities face even higher difficulties in 
estimating emission reductions from planned 
actions. In particular, emission reductions to 
be associated with soft measures, such as 
awareness raising campaigns, are difficult to 
forecast and thus no figure is generally 
provided. Moreover, some cities decided to 
focus on planning actions to be implemented 
in the short term, while remaining actions to 
reach the committed level of emission 
reduction, by 2020, are left to be designed 

subsequently. Indeed, Graph 2 (right) shows 
that cities most frequently perform either a 
complete disaggregation or no disaggregation. 
However, differently from the case of 
emissions, there is a relevant share of cities 
providing only a partial disaggregation of total 
expected emission reductions. 

Overall, almost half (46,5%) of emission 
reductions are not assigned to sectors, 
subsectors and specific actions by 
municipalities.  
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Municipal fleet 0,1% 0,1% 0,2% 0,2%
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Graph 8: Distribution of emissions between sectors  (with respect to total of emissions disaggregated by 
subsectors) by HDD. 

The ranking of subsectors within the 
transport sector is the same as for baseline 
emissions; however, their relative weight is 
different. Cities expect to be able to reduce 
emissions from public transport 
proportionally more than from private and 
commercial transports. Indeed, private and 
commercial transport accounts for 24,6% of 
baseline emissions, while it is expected to 
contribute to only 10,6% of reductions. 
Conversely, emissions from public transports 
represent 1,6% of transport emissions, but it is 
expected to contribute to 5,6% of CO2 
reductions. Additional areas of interventions 

are municipal fleet (1,6%) and mixed actions 
(20,1%). 

Local electricity production is also a very 
promising sector, contributing to 21,3%. This 
cannot be compared to a BEI sector because 
baseline emissions are associated to the sector 
of final consumption. Expected emission 
reductions in this sector benefit all BEI sectors 
according to their share of electricity 
consumption, as it will decrease the level of 
emissions embedded in the electricity used 
within the city. Similarly, Local heat/cold 
production, Land use planning and Working 
with citizens and stakeholders are sectors that 
do not have a correspondence in the BEI.  
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Residential buildings 28,6% 32,8% 30,0% 33,5% 30,7%

Tertiary buildings & facilities 22,8% 19,1% 14,9% 21,4% 16,2%
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Graph 9: Distribution of emissions between sectors  (with respect to total of emissions disaggregated by 
subsectors) by EEF. 

The introduction of these sectors has 
generated a higher level of detail in the 
emissions reduction distribution, because the 
number of the sectors in the SEAPs is higher 
than the baseline. Thus this different level of 
disaggregation increased the differences in the 
allocation of emissions among sectors 
compared to baseline emissions. Nonetheless, 
these sectors are minor contributors to total 
expected reductions80. 

Finally, most cities decided to tackle the 
Industrial sector (optional in the CoM). 
Despite its relevance in the BEI (22,1% of 
                                                      
80 6,5%, 3,4% and 0,4%, respectively 

disaggregated emissions are from local non-
ETS industries), planned actions for emission 
reduction are expected to yield a minor 
contribution to the overall target (2,5% of 
expected emission reduction in the SEAP). 

Overall, cities prove to be better able to 
plan actions, and compute related emission 
reductions, in the public sector (see table 3.1). 
Based on disaggregated data only, baseline 
emissions from public transports, municipal 
fleet, municipal buildings and public lighting 
show the strongest expected decreases (54%, 
33% and 20%, respectively).  
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Graph 11: Distribution of emissions emission reduction between sectors  (with respect to total of emissions 
disaggregated by subsectors) by population. 

In the emission inventories the distribution 
of emissions between sectors is quite stable, 
while the share of emissions from private, 
commercial and public transport increases 
significantly for population density between 
7.500 and 25.000 inh/km2. The opposite 
happens to the share of emissions from 
industry, residential and municipal buildings. 
Also in the SEAPs the sectors influenced by 
population density are the same: building and 

transport.  The building sector seems to play a 
more relevant role in terms of expected CO2 
reductions in cities with lower population 
densities. The weight of the building sector on 
total emission reductions decreases as density 
increases, ranging from 30% in the lowest 
density range to 19% in the highest density 
range. The transport sector has a more 
relevant role in terms of expected CO2 
reductions in cities with the highest population 
density.  
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Graph 12:  Distribution of emissions emission reduction between sectors  (with respect to total of emissions 
disaggregated by subsectors) by density. 

The weight of the transport sector on total 
emission reductions ranges from 18% in the 
lowest density range to 29% in the highest 
density range. GDP seems to influence both 
emission and emission reductions but in 
different sectors (Graph 7 and 13). In the 
emission inventories the share of emissions 

from transport sectors follows an inverse U 
shaped curve. Poorer and richer cities seem 
both to be associated to lower shares of 
emissions from transport. This is compensated 
by the combined effect of a decreasing share 
of emissions from public lighting and 
residential buildings; and an increasing share 
of emissions form the tertiary sector.  
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Graph 13: Distribution of emission reduction between sectors  (with respect to total of emissions 
disaggregated by subsectors) by GDP. 

This confirms that richer cities are 
associated to more activity in the tertiary 
sector and, to some extent, in the industrial 
sector. In the SEAPs GDP is significant just 
for the building and heat and cold production 
sector.  

The building sector seems to play a 
relevant role in terms of expected CO2 

reductions in cities with a high GDP (it varies 
significantly from 9% to 41% depending on 
the GDP range). This could be due to the 

different financial means for the investments. 
The Heat and cold production sector plays a 
relevant role in terms of CO2 expected 
reduction for cities in the lowest GDP range (it 
represents 25% of total expected reductions 
from these cities). Anyway it should be 
pointed out that in the first range the share of 
not-assigned emissions is significantly high 
and might bias results. The electricity 
emission factor (EEF) and the geographical 
area are significant variables for the inventory 
emissions.   
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Graph 14:  Distribution of emissions emission reduction between sectors  (with respect to total of emissions 
disaggregated by subsectors) by HDD. 

In fact, overall higher local emission factors 
for the electricity consumed in the city are 
associated to higher emissions in the industry 
and residential buildings (Graph 9).  

This decreases mainly the weight of private 
and commercial transport in the inventory. 

The tertiary sector and municipal buildings 
seem to be able to compensate higher 
emission factors with proportionally lower 
energy consumption, as the share of emission 
in these sectors is stable across clusters.The 
weight of reported emissions changes also 
between geographical areas (Graph 10).
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Graph 15: Distribution of emissions emission reduction between sectors  (with respect to total of emissions 
disaggregated by subsectors) by EEF. 

Continental Europe reports more emission 
from the industrial sector (non-ETS), while 
private and commercial transport, as well as 
the residential buildings sectors are more 
important in northern, eastern and 
Mediterranean countries. Finally, cities in the 
UK and Ireland display higher emissions from 
the industry and residential sectors. On the 
contrary, these two variables (EEF, 
geographical area) and no other variable seem 
to influence the distribution of expected 
reduction among sectors (Graphs 14, 15, 16). 

                                                      
82 The expected CO2 reductions for the other sectors are: 
A1 Buildings 13,60%; A2 Public lighting 0,29 %; A3 
Industry 1,09%; A4 Transports 9,28%; A5 Local 
electricity production 9,59%; A6 Local heat/cold 

3.2 SEAPs category of action and policy 
lever results 

Only the full results of the classification 
concerning the sectors that have the greatest 
weight in the strategies adopted by cities in the 
sample, both in terms of expected CO2 
reductions as well as numbers of actions 
planned, are reported. These sectors are: 
Building, Transports and Local electricity 
production82.  

production 2,82%; Z8 Land use planning 1,49%; Z9 
Waste & water 2,19%; Z10_Working with the citizens 
and stakeholders 0,18%; A7 Other 4,56%; not possible 
to assign 9,99%; not disaggregated actions 44,92%. 
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Graph 18: Frequency and expected emission reduction for each category of action for the BUILDING 
SECTOR on the total of the sample, SEAP. 
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Graph 19:  Frequency and expected emission reduction for each policy lever for the BUILDING SECTOR 

on the total of the sample, SEAP. 
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Graph 20:  Frequency and expected emission reduction for each category of action for the TRANSPORT 

sector on the total of the sample, SEAP. 
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Graph 21:  Frequency and expected emission reduction for each policy lever for the TRANSPORT sector on 

the total of the sample, SEAP. 
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Graph 22: Frequency and expected emission reduction for each category of action for the LOCAL AND 

ELECTRICITY PRODUCTION sector on the total of the sample, SEAP. 
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Graph 23: Frequency and expected emission reduction for each policy lever for the LOCAL AND 
ELECTRICITY PRODUCTION sector on the total of the sample, SEAP. 
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regimes are likely to remain stable.  Within the 
energy field governments and the private 
sector have been actively engaged in 
exploring and supporting efforts to promote 
discover and then promote viable pathways 
for more sustainable forms of energy 
generation. These initiatives range from the 
huge investments that are being made to 
explore nuclear fusion to the development and 
use of solar water heaters.  Motivation are not 
enough if products are not on the market, 
maintenance and service not available or grid 
regulations or other factors makes installation 
illegal or very difficult. On the other hand, a 
functioning manufacturing line and 
regulations that invites and protects will join 
the awareness and motivation onto a 
transformation to sustainability.  The history 
of electrical energy systems is consistent in its 
involvement of state authority, both due the 
character of public utility (energy security, 
safety, distribution of supply) and the special 
production properties of high initial 
investments and low running cost (threat of 
market failure). Even if new technology often 
are smaller and more standardized, it is 
difficult to see it becoming a regime without 
political support. In Brazil, the relative 
success of wind-power and its low operices 
was dependent upon governmental action that 
opened up lock-ins, technology, entrepreneurs 
and a good product were not enough (Persson 
2015). Regulation systems are complex and 
have developed together with the established 
supply structure and without special changes 
they are likely to be quite hostile or sceptical 
to new production technology, new structure 
or decentralised solutions. This is our 
impression so far, for South Africa, together 
with some success examples when special an 
new disconnected regulatory bodies as put up 
(the REIPPP process). There are also 
examples of lock-ins that seem very strong. 
The best examples are probably the problems 
of the local revenue systems in South Africa 
that relies on selling of electricity that is 
mainly delivered by the centralized coal-based 
system. On-roof local solar panels, solar water 
heaters and   business coproduction or own 
production then will look like a kind of tax 
evasion, threatening local municipal economy 
and the whole system of municipal income. So 
far this is a strong force that easily locks local 
production into small niches (nice, but not 
threatening), and it is a combination of a 

regulatory setup and an income system built in 
the era of single state monopoly coal-based 
production.  Also in China there was some 
structural lock-ins linked to distribution of 
sustainable energy, but our impression was 
that external central pressure was used on 
regional and sector-based units to gradually 
solve the problems and bottlenecks.  

7. Preliminary summing up the path to 
sustainable energy for BASIC countries 

A major factor that affects the extent to 
which shifts in awareness will lead to major 
shifts in motivation is the extent to which 
combinations of factors will create motivation 
for change that again is linked to pathways not 
blocked by institutional lock-ins, but rather 
helped by regulatory door-openers.  Our 
discussion so far is built on general literature 
on sustainability, change and electrical energy 
systems, document analysis and around 1oo 
interviews in our four case countries, with 
China and South Africa being the most 
analysed. This must not be seen as final 
empirical results, but as opening up a 
discussion.  Our impression is that there are 
few problems on the awareness stage, people 
are worried and have a new framing of the 
human/society/nature interface, and this is 
also coming onto the formal scene of 
institutions. The motivation for change seems 
to be dependent on specific configurations, 
with crisis as a major moving force (pollution 
in China, supply in South Africa). The social 
configurations that make up the motivation are 
composed in different ways according to local 
conditions. We cannot contribute with our 
findings to the ideological market vs state 
debate. Central state and political level plays 
very different roles in China compared to 
South Africa.    One observation was that the 
Chinese consumers/citizens were not 
mobilized in a significant way and the actions 
that they even have taken (Solar Water 
Heaters and 200 million electrical vehicles) 
did not seem to be merged with political plans 
and actions.  While both China and South 
Africa has market activities as important parts 
of the change, China seems to be top-down 
with planned changes (with popular support) 
while South Africa seems to be more bottom-
up with problematic institutions at the top.  At 
the pathways level there was difficult to find 
significant problems linked to technological 
or strictly economic factors, but market 
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Figure 2: Stages of the proposed methodology for identification of knowledge gaps and needs. 

A desk analysis including extensive 
literature review, as well as close monitoring 
of current developments in climate policy, led 
to the identification of eleven main topics, 
constituting an initial thematic area, based on 
which, the knowledge gap identification 
procedure was structured. Further 
examination on current policy developments 
on the above main topics and of possible 

projections of their future development 
published or estimated, enabled the 
recognition of further possible issues of core 
importance and interest for the following 
years. Such issues regard, among others, 
different aspects in the framework of which 
analysis can be performed, sectoral 
breakdown of main topics and different phases 
of policy making. Thirty relevant issues of 
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Therefore, it was considered necessary to 
include a wide variety of stakeholders 
representing all four groups suggested as 
essential for participatory processes: policy 
makers, business representatives, citizens, and 
experts (Andersen and Jaeger 1999, Kok et al. 
2007) 

The list of stakeholders was drawn up by 
the contact database compiled within the 
framework of the POLIMP project. This fact 
ensured that selected participants would be 
actively involved in the field of climate policy 
and would be directly or indirectly impacted by 
the future direction of international climate 
policy making and the way it affects EU 
climate policy making.  

Preparation of material 

The knowledge need analysis is performed 
via a descriptive survey, where a small sample 
of the concerned population, is used to describe 
the wider concerned group that, in this case, 
includes policy makers and other stakeholders 
in European climate policy (Ecologic, 2014). 
In order, however, to be able to draw 
generalised conclusions from the findings of 
the knowledge need analysis, it is needed to 
design and employ an appropriate research 
scheme and methodology (Oppenheim, 1992). 

Interviews are reported to have some 
advantages over plain questionnaire-
completion by the participants themselves 
(Phellas et al. 2011). The interviewer can 
explain questions that the respondent has not 
understood or ask for further elaboration of 
replies. The interview is more flexible and 
gathers information that is more sensitive to 
contextual variations in meaning. Completion 
of questionnaires, however are less prone to 
bias that can be introduced by the interviewer 
and are more time-efficient for the respondent, 
as well as the researcher himself, while 
enabling the acquisition more data of 
quantitative nature (Phellas et al., 2011, 
Ecologic, 2014).  

The methodology proposed in this paper 
involves the preparation of a tailor-made 
questionnaire for the identification of 
knowledge gaps regarding climate policy 
implications for the EU. This questionnaire 
was used both for direct completion by 
stakeholders and as a guide for the conduction 
of interviews. It is envisaged that this 

combination of the two methods also combines 
makes the most of their advantages. The 
questionnaire was also developed in an online 
form in order to facilitate stakeholders in their 
responses and also to serve as preparatory 
material for interviewees who wished to be 
informed on the interview structure 
beforehand. In addition an online completed 
form enables the easier and more credible 
analysis of responses, with the use of online 
analytics tools. 

The questionnaire was compiled in English, 
as it was a common language of 
communication among stakeholders. It 
initially contained some general questions 
about the frequency with which additional 
information is needed to help stakeholders in 
their work, the exact task they need it for, as 
well as their success in finding it. 

The second section of the questionnaire was 
targeted to achieving better understanding on 
the way interested parties search for additional 
information and how they intend on using it. 
These questions regarding searching and use of 
information mainly focused on search 
techniques and tools, sources of information, 
desired presentation and form of acquired 
information, as well as the language they are 
found in. 

The third and main part of the questionnaire 
was dedicated to the knowledge needs 
themselves and followed a top-down approach 
to specify as much as possible existing 
knowledge needs. As previously mentioned, 
the identification of knowledge needs was 
structured on eleven main topics, defined by 
literature review. Stakeholders are, at this 
stage, requested to declare their area of 
expertise, by choosing one or two out of the 
eleven main topics. For each of this main 
topics, a series of relevant issues (4 to 6) were 
presented, as they were identified in Table 1. 

Stakeholders had to select two to three of 
these issues that they consider of great 
importance and that they envision to be 
personally focusing on the most in the next 
years. At this point, stakeholders were asked to 
contribute by specifying the additional 
information they expect to be seeking for, per 
selected issue and to rate a predefined list of 
subtopics per issue on a scale from 0 to 5, 
according to the extent that they personally 
expect to be seeking additional information on. 
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In addition to these studies, for residential 
electricity demand, Gomez et al. (2013) 
investigates the presence of spatial dependence 
between Spanish provinces using spatial 
econometrics techniques. They find the 
presence of the significant spatial effects from 
the estimation of static SARAR model. 
Furthermore, up to our knowledge, there is no 
any study for Turkey which considers spatial 
effects in the aggregate electricity demand. 
Table 1 lists the studies analyzing the total 
electricity demand for Turkey. Table shows 
that dynamic models are employed by all the 
studies except Soysal (1986) and different 
elasticity estimates are obtained based on the 
explanatory variables, time period and method 
employed. We aim to contribute to the 
literature by considering spatial interactions 
among the regions and provinces for Turkey. 

In our model, we explain per capita 
aggregate electricity demand as a function of 
electricity price, per capita income, 
urbanization ratio, and weather variables; and 
restrict our attention to the aggregate level 
following the arguments of Pouris (1987) to 
obtain more stable relation and unbiased 
elasticities for the total economy. A priori, we 
expect positive effects of income, 
urbanization, and weather variables as higher 
level of economic activity, greater access to 
electricity, increased use and purchase of 
electrical appliances, and higher requirement 
for cooling and heating lead to increase in the 
electricity consumption; whereas, negative 
effect of electricity price on the electricity 
consumption are expected based on the 
producer theory and the law of demand in the 
consumer theory, for ordinary and normal 
goods.   

 The organization of the paper is as follows. 
After the introduction, in section 2, we 
introduce the empirical model and discuss the 
methodological issues. In section 3 and 4, after 
giving information on the data used for the 
empirical study, estimation results are 
presented for the data on the NUTS-3 level and 
NUTS-2 level, respectively. In the last section, 
we conclude. 

 2. Model and Methodology  

      2.1 Empirical Model 

 We analyze the following model which is 
built based on the economic theory and the 
empirical literature; 

     
   (2.1) 

where, i=1,...,N and t=1,...,T are subscripts for 
cross-sectional units and time periods. In 
equation (2.1), we model per capita electricity 
consumption (pcecit) as a function of per capita 
gross domestic product (pcgdpit), real 
electricity price (repit), urbanization ratio 
(uratioit), heating degree days (hddit) and 
cooling degree days (cddit). We assume 
identical consumption behavior across all the 
electricity consuming groups, perfectly elastic 
electricity supply, and perfectly elastic 
electrical capital equipment supply and do not 
allow for the possibility of inter-fuel 
substitutions. A priori, we expect positive 
effects of income, urbanization, and weather 
variables as electricity consumption increases 
by the higher level of economic activity, 
greater access to electricity, increased use and 
purchase of electrical appliances, and higher 
requirement for cooling and heating, on the 
other hand, negative effect of electricity price 
is expected based on the producer theory and 
the law of demand in the consumer theory, for 
ordinary and normal goods.  

 Electricity provides services only through 
the use of appliances, machines and 
equipment; therefore, electricity demand is a 
derived demand. Furthermore, it is essential to 
distinguish between short run and long run 
effects of the factors affecting the electricity 
demand. In the short run, because of the fixed 
stocks of electrical appliances, equipment, and 
machines, and some other factors of 
production, electricity demand is determined 
by the factors which only lead to changes in the 
utilization rate of this fixed electrical 
equipment stock. However, in the long run, 
size of stock and efficiency of electrical 
appliances, equipment, and machines can 
change due to the change in the economic and 
technological factors.  

The time series properties of the data were 
not considered by the earlier studies after the 
works of Houthakker (1951) and Fisher and 
Kaysen (1962) and they have heavily 
employed partial adjustment model to 
distinguish between the long run and short run 
effects of the determinants of electricity 
demand (Amusa et al., 2009). For the analysis 
of the effects of the income, electricity price, 
urbanization ratio and weather variables, as we 
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have data constraints, in this study also we 
estimate a dynamic panel data model based on 
the partial adjustment mechanism under the 
assumption of homogeneous slope coefficients 
across the provinces, in addition, allow for the 
spatial effects. Inefficient, biased, and 
inconsistent estimates can be obtained as a 
result of the ignorance of spatial effects. By 
introducing a partial adjustment process and 
spatial effects, we employ the following 
dynamic spatial panel data model considered 
by Elhorst (2005)111; 

        

(2.2) 
where X = (lnpcgdp lnrep uratio hdd cdd), 
lnpcec, lnpcgdp, and lnrep are the natural 
logarithms of pcec, pcgdp and rep, 
respectively.  and  are province 
specific fixed effects, time period specific 
effects and spatial autocorrelation coefficient, 
respectively. W is spatial weight matrix. In 
order to check for the robustness of results, we 
consider different types of weight matrices, 
such as, binary (queen) contiguity weight 
matrix, symmetric spatial weight matrix, row-
stochastic spatial weight matrix, diagonal 
weight matrix with (i, i) equal to (1/

), weight matrices based on 
nearest 2, 3 and 4 neighbors and lastly, weight 
matrix based on power distance weights given 
by (wij=dij

-1) where dij is the distance between 
ith and jth provinces based on economic 
centers.  The coefficients on per capita gross 
domestic product and real electricity price give 
income and own price elasticities invariant at 
any levels of an explanatory variable, as the 
model is in the double-logarithmic functional 
form. If income elasticity is smaller (larger) 
than unity, then the electricity is a necessary 
(luxury) good. For equation (2.2), the 
coefficients on the explanatory variables are 
the short run (direct effect) parameters. If we 
divide these short run parameters by (1- ), 
we can obtain the long run (direct effect) 
parameters.  

      2.2 Methodology 

 In order to estimate dynamic spatial panel 
data model given by equation (2.2), we employ 

                                                      
111 For the other models employed in the literature, one 
can refer to Elhorst (2012). 

Maximum Likelihood (ML) estimator as 
suggested by Das, Kelejian, and Prucha (2003) 
and Elhorst (2005) assuming that all the 
variables are exogenous. When the time 
dimension is short, it is mentioned that first 
cross section of observations contains 
important amount of information. Therefore, 
ML estimation is based on unconditional 
likelihood function which requires the 
specification of the marginal distribution of 
initial values and thus, pre-sample values of 
exogenous explanatory variables. In order to 
solve this problem, Elhorst (2005) considers 
two approximations: Bhargava and Sargan 
(1983) (BS) approximation and another 
approximation proposed by Nerlove and 
Balestra (1996) (NB) and Nerlove (1999) or 
Nerlove (2000). In this study also, we estimate 
the model by using these two different 
approximations. Furthermore, Elhorst (2005) 
discusses that the parameter estimates, 
obtained from the unconditional likelihood 
function of the first differenced fixed effects 
dynamic panel data model which is further 
extended to include spatial error 
autocorrelation, for the lagged dependent 
variable and exogenous explanatory variables 
are consistent. For detailed information and the 
log-likelihood functions maximized for each of 
the approximation, one can refer to Elhorst 
(2005). Numerical iterative optimization is 
based on golden section search and parabolic 
interpolation.   

3. Analysis at NUTS-3 (Provinces) Level  

3.1. Data 

For the analysis, we use annual balanced 
panel data on 65 provinces of Turkey between 
the years 1990 and 2001. 

Because of the unavailability of province 
level data for GDP after 2001 and for sectoral 
electricity consumption before 1990, the 
period for the analysis is restricted between 
1990 and 2001. The data set includes per capita 
electricity consumption (pcec), per capita 
gross domestic product (pcgdp), electricity 
end-use prices (rep), urbanization ratio 
(uratio), heating degree days (hdd) and cooling 
degree days (cdd). Data sources are given in 
Table 2.   
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Figure 1: Geographic Distribution of per capita Electricity Consumption across Provinces for Turkey (1990 and 2001). 
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Figure 3: Geographic Distribution of per capita Electricity Consumption across Regions for Turkey (2004, 
2008 and 2011). 
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Figure 1: The case study building (coloured) in between two adjacent buildings. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Floor plan of the first floor living zone. 

 

 

 

 

 

 

 

 

 

 

Figure 3: 2R2C model of the 1st floor living zone. 
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Figure 7: Cumulative frequency curves of modelled indoor temperatures without south glazing: EnergyPlus 
(blue) and RC-model (red). 

 

4.2 Effects of Solar Radiation (Qs) 

In heat demand modelling at urban scale, 
exact information on window glazing is often 
not available and to gather such information 
building by building will demand significant 
data collection. Both window area and 
orientation have an important effect on solar 
heat gain, which in turn affect the indoor 
temperature and heating load. 

Figure 6 shows the modelled indoor 
temperatures over a week in November in the 
base case scenario. Larger discrepancies 
between the RC and EnergyPlus models are 
observed at times when solar heat gain is high.  

In order to further examine the effects of 
solar radiation, two scenarios are tested: i) 
removing the north-facing window (4.5m2) in 
the living zone and ii) removing the south-
facing windows (9m2) in the living zone. 
According to the EnergyPlus model, the 
former scenario reduces the heating load of the 
living zone by 4.8% whilst the latter increases 
the heating load by 10.5%. 

Figure 7 shows the cumulative frequencies 
of modelled indoor temperatures by 
EnergyPlus and RC models without south 
glazing (scenario 2). In comparison to the base 
case scenario (Figure 6), a larger drop in the 
modelled temperatures is observed in the RC-

model than the EnergyPlus model. The results 
suggest that the RC model is over sensitive to 
variations in solar heat gain. 

In the 2R2C model representation applied 
in this study (Figure 3), the solar radiation 
components are significantly simplified to a 
single input Qs. In view of the present findings, 
further development of the RC model 
particularly with regard to the treatment of the 
solar radiation components is needed to 
improve the model performance. 

4.3 Effects of internal heat capacity (Ci) 

As shown in equation 1, internal heat 
capacity is composed of 3 elements: room air, 
internal walls and interior furnishing. Similar 
to window glazing, information on thermal 
mass of internal walls and furnishing is often 
not available. Therefore, the calculations of Ci 
relies on a number of assumptions and in some 
cases the contributions of internal walls and 
interior furnishing are omitted altogether. To 
examine the effects of internal thermal mass on 
the performance of the RC model, two 
scenarios are tested: i) omitting the heat 
capacities of internal walls and interior 
furnishing in the calculation of Ci and ii) 
doubling the surface area of internal walls and 
interior furnishing. Although the variation in 
internal thermal mass has negligible effects on 
total heating load (-0.1% in both scenarios), 
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Table 4: Voltage nodes without small hydropower plants. 

Nodes  Nominal Voltage  
[kV] 

Value of node voltage 
[kV] 

Value of node voltage 
[%] 

System 110 kV 110 110 100 
B10kV_Bogove 10 8.75 87 
B10kV_Corovode 10 8.48 84 
B110kV_Uznove 110 109.43 99 
B20kV_Uznove 20 19.87 99 
B_110kV_Berat 110 109.43 99 
B35kV_Bogove 35 30.67 87 
B35kV_Corovode 35 29,79 85 
B35kV_Polican 35 31.22 89 
B35kV_Uznove 35 33.65 96 
B6kV_Polican 6 5.24 87 
B6kV_Uznove 6 5.83 97 

 

 

 

 

 

 

 
 

Figure 4: Electrical diagram of power system, Skrapari region. 

Table 5: Data of small hydropower plants at Skrapari region. 

Area Name of SHP 
Nominal voltage 

[kV] 
Nominal power 

[kW] 
Node of connection 

Skrapar 
Bogove 35 2.500 Bogove 

Faqekuq 1,2 35 6.720 Corovode 
Vlushe 35 14.420 Corovode 

 
Table 6 shows the simulation data of the 

regional power system with small hydropower 
plants operated at rated power. The calculations are 
performed for the worst scenario, where the 
consumption is at minimal level. This scenario 
corresponds in midnight time and rainning 
weather. Also, in this case, the power flow in the 
transmission line changes direction, from 
Corovoda to Uznove. As shown in Table 6, the 
voltage at some power system nodes are upper than 
the nominal value. The largest voltage value in the 
distribution system is at Corovoda node of about 
127% of its nominal value. The total transmission 

power losses are 121.5 kW. In this scenario, the 
Distribution System Operation (DSO) requires the 
private operators to reduce the energy production 
by their generation units to sustain a stable energy 
flow.  

Specifically, due to high voltage level at the 
Corovoda node, the small hydropower plant of 
Vlushe, with installed capacity 14.2 MW and 
connected at 35 kV, is allowed to produce only 4 
MW from Distribution System Operators during 
the day and 2 MW during the night, when the 
energy consumption is at minimal value.  
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Table 6: Voltage nodes with small hydropower plants, the worst scenario. 

Nodes  
Nominal Voltage  

[kV] 

Value of node voltage 

[kV] 

Value of node voltage 

[%] 

System_110 kV 110 110 100 
B10kV_Bogove 10 11.83 118 
B10kV_Corovode 10 12.73 127 
B110kV_Uznove 110 110.44 100 
B20kV_Uznove 20 20.07 100 
B_110kV_Berat 110 110.44 100 
B35kV_Bogove 35 41,42 118 
B35kV_Corovode 35 44.58 127 
B35kV_FQ1 35 45.01 126 
B35kV_FQ2 35 44.96 126 
B35kV_Polican 35 39.78 113 
B35kV_Uznove 35 35.79 102 
B6kV_Polican 6 6.81 113 
B6kV_Uznove 6 6.07 101 

Table 7: Voltage nodes of regional power system when Vlushe small hydropower plant operates with 4 MW. 

Nodes  
Nominal Voltage  

[kV] 

Value of node voltage 

[kV] 

Value of node voltage 

[%] 

System_110 kV 110 110 100 
B10kV_Bogove 10 10.41 104 
B10kV_Corovode 10 10.77 107 
B110kV_Uznove 110 110.05 100 
B20kV_Uznove 20 20 100 
B_110kV_Berat 110 110.05 100 
B35kV_Bogove 35 36,44 104 
B35kV_Corovode 35 37.70 107 
B35kV_FQ1 35 38.21 109 
B35kV_FQ2 35 38.15 109 
B35kV_Polican 35 35.71 102 
B35kV_Uznove 35 34.07 97 
B6kV_Polican 6 6.11 101 
B6kV_Uznove 6 5.89 98 

Table VII represents the voltage level at the 
power system nodes when the Vlushe small 
hydropower plant operates at 4 MW capacity. 
As shown in the table, the voltage level at 
different power system nodes is almost at 
nominal value. The total transmission power 
losses are around 811.5 kW. 

5. Conclusion 
In this paper we analyzed the problems 

caused in the regional distribution system by 

the connection of small hydropower plants. In 
some nodes of the power system, the voltages 
can take upper than nominal values, making 
possible to act overvoltage relay, therefore to 
swich off the transmission power line. When 
the small hydropower plants operate at rated 
capacity, the power flow changes direction. 
Furthermore, in cases when the transmission 
lines are loaded at maximal capacity, their 
posibility to be swiched off is increased. The 
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Table 1: Weight matrix in the case of spring operation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Spring Operation of ZEB 
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Table 2: Weight matrix in the case of autumn operation. 
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Figure 3: Fuzzy Cognitive Map. 

In addition, the shortcomings of both methods 
are omitted in this method. Regarding the 
definition, characteristics and simplicity of 
mathematical model of FCMs, implementing 
the FCMs as a direct control is recommended 
in controlling the parameters in building 
automation systems to achieve more 
intelligence in building as well as more energy 
saving. As a result of the structure of FCMs, 
the run time of control process is declined. Due 
to the ability of FCMs in having learning 

strategy, the consumption of energy could be 
decreased. 

Due to the fact that, the energy sources are 
limited and energy crisis, saving more energy 
is an important goal for using building 
automation systems. Therefore, The FCMs as 
a direct control system are proposed in order to 
get to the objectives of decreasing run time of 
control process and saving energy. 
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commitment, decision of undertaking, etc) is 
very complicated and time consuming 
resulting to delays of payments and 
consequently to delay of works (CERtus, 
2015). 

The aforementioned barriers are summarized 
in the Table 4. 

c. Institutional barriers 

Lack of targeted legislation 

According to the Ministry of Environment, 
Energy and Climate Change, the lack of 
relevant legislation for the past 30 years 
resulted in failure of integration of modern 
technologies in buildings, leading to 
(YPEKA, 2010):  

o partial or total lack of insulation; 

o obsolete frames;  

o lack of sun protection of the southern 
and western sides; 

o insufficient use of the high solar 
potential of the country; 

o inadequate maintenance of heating / air-
conditioning resulting to poor 
performance. 

There is also still no defined national 
standard for conducting adequate and 
confirmed measurements regarding actual 
energy consumption in buildings (YPEKA, 
2014). 

Hellas has not yet defined the levels of 
nearly zero energy consumption according to 
EU Directive 2012/27/EC (CERtus, 2015).  

Also, hoteliers do not adopt EE 
technologies or practices due to the lack of 
effective national policy in the sector of 
tourism (Pieri S. P. et al., 2015). This barrier 
along with the voluntary approach in which 
EE is pursued, set energy audits and reporting 
on the hotel environmental performance as a 
necessary initial step that will facilitate 
policymaking on EE (Pieri S. P. et al., 2015). 

Tenure status  

Hellas has a very large tenure quota, 
mainly for apartments, which can greatly 
influence the implementation of retrofitting 
measures (Theodoridou I. et al., 2012). Due to 
multiple ownerships, there is low 
implementation or even rejection of energy 
refurbishment measures (Theodoridou I. et al., 
2012).  

Unlike in the case of the Energy Building 
Certificate, the owners of an apartment in a 
multi-family building are not legally bound to 
proceed to retrofitting interventions 
(Theodoridou I. et al., 2012). 

Consequently, if such interventions can be 
implemented partially, then the concerned 
party/owner can act on its will (Theodoridou 
I. et al., 2012).

 

Table 4: Economic barriers in the Hellenic building sector. 

Title  Related policy or technology  Type of subsectors & consumers  

Economic recession  EE solutions, NZEBs,  SEAPs  Residential and Tertiary  

Costly innovative 
technologies  

EE and NZEB technologies such as 
solar cooling  

Residential and Tertiary  

Reluctance for 
investments with long 
payback period  

Refurbishment, EE solutions such as 
green roofs, SEAPs  

Residential and Tertiary  

Still developing market 
for energy services  

Refurbishment, construction 
materials  

Residential and Tertiary  

Limited financial 
incentives  

EE solutions,  bio-climatic design, 
SEAPs  

Residential and Tertiary:  residents, 
small-medium sized hotel owners  

Rebound effect  Refurbishment  Residential: high income owners  

Hidden costs  EE investments  Tertiary: SMEs  
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Figure 2: Share of new capacity installations in EU (MW). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Cumulative installed wind capacity (MW) in Greece, 1987-2014. 
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     These owners will continue to receive 
State aid based on existing approved State aid 
schemes in order to maintain investors' 
legitimate expectations on the returns on their 
existing investments. 

     However, it is doubtful whether the current 
support scheme for wind power in Greece will 
remain applicable for new windfarms after 
2016 given its feed-in tariff structure which is 
based on regulated prices. A market-based 
support scheme will have to being introduced 
for new windfarms from 2017. This new 
support scheme for renewables is currently 
under development by the competent Ministry 
of Productive Reconstruction, Environment & 
Energy in cooperation with German 
consultant GIZ. It is expected to be finalized 
by the end of July 2015 and rolled out by 
January 2016.     Every month LAGIE [9] 
gives through informative reports its 
prediction for the predicted new wind 
capacity installations for the period of two 
next years month by month. In the figure 5 it 
is presented the predictions of LAGIE for 
2015 until June of 2017. 

The estimations of LAGIE (07/2015) is 
quite optimistic giving a new average annual 
wind capacity of 256 MW instead of 114 MW 
of the period 2012-2014. The prediction for 
the June of 2017 is 2491MW.  

     EWEA through a report from July 2014 
[17] gives three scenarios for wind power 
installations (low, central and high) for 
Greece in 2020, low: 3000MW, central: 
4500MW, high: 5000MW. The more 
optimistic scenario for Greece reaches the 2/3 
of the national target for 2020. 

The research team gives its predictions 
about the annual new installed capacity until 
2020, working in wind energy market and 
having in mind the consequences of the banks 
closing for three weeks and capital controls in 
summer of 2015. The estimations are even 
low than the low scenario of EWEA, giving a 
prediction of 2500MW in 2020, only 1/3 of 
the national target. In the figure 6 it is 
presented the estimations of the research 
team. 

7. Conclusions - Proposals 

     The way of installation wind capacity in 
Greece is clearly lower than the other 
European countries and the national targets. 
Nowadays, the political and economic 
instability, the danger of the Grexit and the 
capital controls are additional factors of the 
existing legislative, licensing and 
infrastructure barriers for the further 
development of wind energy market. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Annual installed wind capacity (MW) in Greece, 2014 - 6/2017. 
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Figure 1: Experience curve of PV modules (Source: IEA, 2014). 

In section 2 we review the methodology and 
the data used to calculate the profitability of 
the different types of installations. Section 3 
presents the results of the Internal Rate of 
Return relating them to the diffusion of the PV 
technology and section 4 concludes. 

2. Methodology and data 

2.1. Methodology 

There are many ways to evaluate the 
profitability of an investment. Nofuentes et al. 
(2002) review how different profitability 
indicators can be applied to Grid-connected 
photovoltaic systems (GCPVS). The most 
useful indicators are Net Present Value 
(NPV), Profitability Index (PI), Pay-Back 
Time (PBT), and Internal Rate of Return 
(IRR).  

The NPV is simply the sum of all the cash 
flows of the investment lifetime (revenues less 
expenditures), discounted to the present. The 
investment is profitable when NPV>0. 
However, this indicator forces us to make an 
assumption about the discount rate, and it 
might not be suitable for comparison of 
investments with different initial costs and 
lifetimes, because it is an absolute value 
instead of a relative measure (as the IRR), and 
because the assumption about the discount 

rate implies an arbitrary discrimination based 
on the lifetime of the investment.  

The profitability index (PI) is the ratio 
between the net present value and the Life 
Cycle Cost of the investment (LCC). It shows 
the same information than the NPV but 
relative to the cost of the investment.  

PBT shows the time required to recover the 
money invested. It is a useful indicator but it 
dismisses the cash inflows received after that 
moment and it is not very useful for 
comparisons because it only provides 
information about the time to recover the 
investment, but not about the profitability of 
it. Finally, the IRR shows the discount rate at 
which the net present value equals to zero. It 
is the most useful indicator for several 
reasons: it does not force us to make any 
assumption about the discount rate; it provides 
a relative result easily comparable among 
different types of investment, and it is indeed 
the most popular indicator amongst investors. 

The calculation of the IRR derives from the 
NPV equation (1). As we have already 
mentioned, it is sum of the present worth of 
the cash inflows during the lifetime of the 
investment (PW[CIF(N)]) less the Life Cycle 
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Figure 5: The evolution of the PV market in Spain between 2004-2013. Vertical dashed lines 
represent the change of support system: FiTs, Quota + degression and Renewables Moratorium (see 
figures 2 and 3). Dotted vertical lines represent a change in FiTs levels. Segments: small scale (SC), 
medium scale (MC) and large scale (LC). Panel 1. Simplified FiTs system (for detailed extension, 
see figure 3). Source: RD. Panel 2. PV system prices. Source: IEA. Panel 3. Profitability (IRR, 
%).Panel 4. Diffusion (Installed capacity, MW). Source: CNMC. 
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Abstract 

Wind energy technology is one of the most competitive of the renewable energy technologies 
at global level, but to date, has not received enough attention regarding optimization process for 
economic evaluation of wind farms, by the researchers in both economics and engineering 
aspects. Most of the existing optimization models reflect aspects of engineering sciences, 
whereas the economic view has not been analyzed in the depth that it deserves. 

So, this paper provides a decision support tool (DST) to analyze and evaluate the project value 
of (offshore) wind projects within the framework of cash flows over their lifetime and project 
finance. The DST is based on a discounted cash-flow model in combination with Monte Carlo 
simulation (MCS) in order to measure and manage the project risks, which is done by the 
assignment of probability distribution to specific elements of cash-flows model. Also, due to 
the different requirements of project developers and lenders additional financial key 
characteristics like the internal rate of return (IRR), profitability index (PI), debt service cover 
ratio (DSCR) and loan life cover ratio (LLCR) are calculated, in order to meet the standards of 
all stakeholders. A case study in the Aegean Sea, as an example, is presented, in order to validate 
the DST tool and simulation model. The results show that an investment in offshore wind project 
in the Aegean Sea is pretty profitable for project developers and lenders. 

Keywords: decision support tool; economic evaluation; offshore wind energy.    

1. Introduction 

Offshore wind energy, as one of the most 
potent alternative energy resources, has been 
developed rapidly in the last twenty years. The 
technical aspects have been in the foreground 
for most of the time so that a continuous 
enlargement of wind turbines could be 
observed. In contrast to this development, 
there has been no comparable expansion of the 
amount of constructed offshore wind energy 
installations (KPMG, 2010). This is because 
the costs of such investments go up to two 
billion euros per wind park with the typical 
nominal power output of 400 MW. Another 
reason is the large number of significant risk 
factors (Koukal and Breitner, 2013). 

To further international efforts of climate 
protection the European Commission set their 
own goals regarding the reduction of 
greenhouse gas emissions which are widely 
known as the 20-20-20. The current 
Renewables Directive defined that 20% of the 
total EU energy consumption shall come from 
renewable energy sources. In this context, 
member states have set up National 
Renewable Energy Actions Plans, in order to 
meet these goals. According to this Directive 
more and more offshore wind projects are 
being realized, with different incentive 
systems and feed-in tariff (Prassler and 
Schaechtele, 2012). 
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Currently, the most of the projects are 
carried out in the context of project finance 
which means taking into account the different 
concerns of all involvement parts. In this case, 
the lenders are of major importance, as 
projects depend to a great extent on a debt 
capital. The latter is only provided against the 
background of expected future cash-flows of a 
project. It is particularly important to consider 
numerous risk factors that are associated with 
these different requirements within the risk 
management in order to ensure the economic 
success of such projects (Kaplan and Garrick, 
1981).   

The aim of this paper is to provide a 
decision support tool (DST), which evaluates 
and analyzes the project value of (offshore) 
wind projects within the framework of cash 
flows over their lifetime and project finance.  
The DST is based on a discounted cash-flow 
model in combination with Monte Carlo 
simulation in order to measure and manage the 
project risks, which is done by the assignment 
of probability distribution to specific elements 
of cash-flows model. Also, due to the different 
requirements of project developers and 
lenders, additional financial key 
characteristics like the internal rate of return 
(IRR), profitability index (PI), dept service 
cover ratio (DSCR) and loan life cover ratio 
(LLCR) are calculated, in order to answer to 
the question as to whether a specific wind 
farm provides adequate returns for investors 
and sufficient debt service coverage from the 
side of lenders.  

The combination of conflict analysis 
together with the DST tool leads to 
identification of favorable area for offshore 
wind energy (OWE) deployments in the 
Aegean Sea. The results show that an 
investment in the offshore wind project in the 
Aegean Sea is pretty profitable for project 
developers and lenders. 

2. Literature Review 

Publications that conduct economic 
evaluations of offshore wind parks are 
presented in this section. The aim of this, is to 
provide interesting studies from which 
approaches can be used to define a model and 
build a useful tool that takes all aspects that 
are mentioned above into consideration.   

DREWAG (2005) present a discounted 
cash-flow model in order to evaluate the net 
present value (NPV) of three offshore wind 
farms in the Baltic Sea. They consider only 
pure corporate finance and do not take project 
risks into account. Levitt et al., (2011) 
performs an analysis of the breakeven price of 
electricity for offshore projects in various 
countries with a cash-flow model. Different 
financing concepts are presented as well as 
variances in the investment or operating costs 
within the sensitivity analysis. An 
examination of the influence of specific risk 
factors is not performed, neither financial key 
figures are calculated.  KPMG (2010) 
provides multiple results of scenario analyses 
and takes project finance in combination with 
related key features into consideration. Also, 
in this study, a risk analysis is not performed. 
Prassler and Schaechtele (2012) conduct a 
comprehensive assessment of the financial 
attractiveness of offshore wind power markets 
in Europe. In this context, some economic 
parameters like the internal rate of return 
(IRR) are calculated and multiple scenarios 
are scrutinized.  Aspects of project finance of 
the risk factors are not examined. Morthorst 
(1999) analyses whether there is a relationship 
between the expected profitability of a wind 
turbine and the annual increase in installed 
capacity in Denmark. He used the (IRR) as a 
measure of profitability. Santos et al., (2013) 
determines the best areas to install fixed and 
floating offshore wind farms, using spatial 
analysis of four economic indexes: (IRR), 
(NPV), (DPB) and levelized cost of energy 
(LCOE). Risk assessment is not provided.  
Oliveira (2010) makes an overview about the 
indicators of attractiveness like simple 
payback (SPB), discounted payback (DPB), 
net present value (NPV), internal rate of return 
(IRR) and benefit-to-cost ratio (BCR). The 
research concludes that these indicators must 
be used as a tool kit for wind energy project 
economic evaluation. Kaldelis et al., (2000) 
conducts a sensitivity analysis in order to 
show the impact of different parameters on the 
economic viability and attractiveness of a 
wind energy plant. An interesting approach is 
presented by Koukal and Breitner (2013). 
Their study addresses the demands of 
investors as well as lenders under 
simultaneous consideration in order to analyze 
and evaluate project value of offshore wind 
energy projects within the framework of 

















https://www.riskamp.com/




8th International Conference on Energy and Climate Change, 7-9 October 2015, Athens-Greece 
 

275 
 

focused on innovative technologies, know-
how, promotion of RES, and improvement of 
EE. Nineteen transnational projects were 
approved of which 16 included partners of IPA 
countries. In total, 25 partners benefited from 
IPA funding (including Croatia) representing 
local and regional public authorities (PAs), 
energy agencies, economic development 
agencies, universities and port authorities. 
Related projects were carried out in about 2.5 
years within the period 2013-2015 and 
addressed several challenges such as energy 
management; energy planning, 
implementation and monitoring; funding; 
public procurement; and private-public-
partnerships (MED Programme, 2013).    

With these cooperation projects, IPA 
partners received financial stimulus to boost 
action towards the accomplishment of RES 
objectives defined by national and macro-
regional (Balkans) energy strategies. At 
national level, the strategy documents are the 
National Renewable Energy Action Plans 
(NREAPs) which define the priorities and 
types of action on sustainable energy for the 
next years. At transnational scale, all members 
of western Balkan region have subscribed to 
the energy community treaty (Energy 
Community, 2006) which establishes binding 
renewable energy objectives for 2020. For IPA 
members of the MED Programme, these 
objectives are summarised in table 1. As for 
energy efficiency, achieved levels are still low. 
Countries like Bosnia lack national regulation 
on energy efficiency; while Albania and 
Montenegro have recently integrated EE 
measures in their national policies (Tuerk, A, 
2013).   

According to article 22 of the Council 
Regulation (EC) No 1085/2006 on the 
establishment of an instrument for pre-
accession assistance (IPA), the Commission 
shall regularly evaluate the results and 
efficiency of policies and programmes with a 
view to improving future operations at policy 
level (ex-post evaluation). In addition, the 
MED Programme is expected to continuously 
improve its operation from lessons learnt from 
previous experiences. An evaluation plan for 
the period 2014-2020 should be submitted to 
the Commission prior to June 2016 (EC 
Regulation, 2013).  Hence, the purpose of this 
paper is to analyse the effects of ETC in the 
promotion of RES and EE in IPA countries by 

considering the experience of the MED 
Programme. The added value of this research 
represents supplementary assessment input to 
the ETC intervention in non-EU member states 
within the specific contexts of RES and EE. 
Obtained results are expected to contribute to 
evaluation process to be carried out by the 
Commission (ex-post) as well as to input 
motivating improvements at both programme 
and project levels in future EU operations.    

2. Methodological framework and data  

The methodological approach of this work 
integrates three principal steps: (1) data 
gathering process, (2) desk research and 
analysis of results and (3) validation of 
obtained results. The assessment approach 
refers to the guide Evalsed (EC, 2013) by 
addressing thematic evaluation applied to RES 
and EE as well as generating additional data 
(e.g., survey analysis).  

2.1 Data gathering process  

Information of reference was obtained 
through programme guidance documents (e.g. 
Call for projects and terms of reference), 
websites of targeted projects, internal reporting 
documents used within monitoring process 
(e.g. activities reports, minutes) and 
deliverables (e.g. plans, studies, tools, 
publications). In some cases, the analysis 
considered draft versions of targeted 
documents as final versions were still in 
progress. Key bibliography as EU regulation, 
related initiatives, policy and scientific papers 
were also taken into account. 

2.2  Desk research and analysis of results 

This part was focused on screening the 
results delivered by IPA partners of Albania, 
B&H and Montenegro in the framework of the 
MED programme projects addressing totally or 
partially renewable energy and/or energy 
efficiency. Particular attention was paid to 
qualitative aspects linked to the typology of 
activities and results as well as to the ways in 
which IPA partners implemented activities 
oriented to increasing or stimulating the 
contributions from RES and EE in their 
territories.  Several exchanges with 
stakeholders and one survey of reference 
integrating 12 questions were the central 
elements of this step. 

The survey focused on 9 fields of analysis 
such as experience with IPA funding, 







http://www.grasp-med.eu/
http://www.energeia-med.eu/


http://www.programmemed.eu/en/the-projects/project-database/results/view/single.html?no_cache=1&idProject=70&cHash=84e3f9ccfe852a191ed6c7bb431f5ebb
http://www.wider-project.eu/
http://www.e2stormed.eu/


http://www.greenpartnerships.eu/
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Concerning the seminars about enterprises 
certificates, the SMEs are mainly interested in 
seminars about Environmental management 
systems, Eco design management, Eco-
labeling and Energy management systems 
standards; whereas the PAs would like to 
attend seminars about Eco labeling, 
Environmental management systems, Eco 
design management, Energy management 
systems standards, and Carbon footprint. PAs 
show greater interest in receiving training 
compared to the SMEs. 

3.2 Validation of results. For validating 
research results, all GRASP partners piloted 
or tested the electronic Green Public 
Procurement tool developed by the project. 
Each partner selected a specific EE/RES 
category to test. The results were evaluated 
through the Life Cycle Cost (LCC) tool 
developed by GRASP. This tool was mainly 
designed to compare two similar products, i.e., 
one with a lowest up-front price, and the other 
with a sustainable lowest price (green 
product). The LCC tool also provides (a) the 
calculation of the absolute cost of a new 
product by analysing its lifetime cost, and (b) 
the valuation of a new substitute product, 
which is based on examining the savings 
produced by this product. Having completed 
the evaluation, the winning product can be 
compared to others, in order to select the best 
option based on LCC. The aim of this tool is 
to show that the misunderstanding that green 
products are more expensive is often false, 
especially in long-term projects.  

In the case of the University of Vlora 
(ALB), an auction tender was tested with 
reserved procedures and the lowest price as 
the award criterion. The tender was carried out 
with the participation of five SMEs of the IT 
sector. Over the five year period, the 
environment-friendly product failed to save 
more money than the up-front lowest price 
alternative. However, it saved 0,124 tons of 
CO2 compared to that alternative.  

In the case of RAIS (B&H) the test-tender 
was an open procedure for the selection of 
facade works for the Administrative center of 

City of East Sarajevo, with the classical 
method compared to the GRASP method. The 
case has to do with a building retrofitting 
operation that uses multiple forms of energy 
source. Three different sources had to be taken 
into consideration: natural gas, fuel oil, and 
electricity. The overall cost is calculated as the 
sum of three different LCC sheets. 

Table 3 describes the changes in the 
consumption of natural gas. Compared to the 
original building, the improved one obtains 
use of natural gas that is reduced by 50%. 
Beyond the energy saving that is due to the 
reduction of fuel consumption, the operation 
allows the reduction of CO2 emissions. The 
fourth table shows the difference in electricity 
before and after building retrofitting. In this 
case the consumption of energy is higher in 
the improved building. The fifth table 
describes the use of fuel oil. Energy 
consumption for the improved building is 
zero, while prior to retrofitting the 
consumption was high (13764 l). The final 
assessment is based on the sum of the total 
LCC of all three different energy sources; it 
indicates that the environment-friendly option 
carries lower LCC but higher CO2. 
 

4. Conclusions 

In the period 2007-2013, the MED 
Programme has contributed to increasing 
capacities of IPA partners engaged in 
projects of the programme 5th call. 
Analysed results have been achieved by 
exercising European Territorial 
Cooperation amongst Mediterranean 
partners with a direct effect on the 
stimulation of use and promotion of RES 
and EE in IPA territories.  

Achieved results should be considered 
as interface of new interventions in same or 
similar thematic and targeted territories. 
Although project outputs are of varied 
nature they could be used individually or 
collectively to define starting points, 
references or baselines of future projects 
and initiatives. 
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Tables 3:  Results of testing tool for multiple energy sources (natural gas, electricity and fuel oil). 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 

 
 

 

 

Table 4: Results of testing tool for multiple energy sources (natural gas, electricity and fuel oil). 
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Abstract 

A hybrid adsorptive-membrane process, developed in our laboratory, is one of the attractive 
methods of carbon dixiode removal from flue gas streams. Stage one of the process includes a four-
column PSA (pressure swing adsorption) unit, whereas stage two is a membrane module. In this 
paper experimental results are presented concerning the removal of CO2 from ternary CO2/N2/O2 
mixtures in a large-scale laboratory hybrid installation processing 5 to 10 m3(STP)/h of dry feed 
gas. Extensive experiments performed over a wide range of the operating parameters have shown 
the possibility to increase CO2 content from 12 vol.% to over 95 vol.%, with a recovery of 100%. It 
is also found that the key parameter which has a strong direct effect on the performance of the two 
separation sections is the flowrate of the enriched gas fed into the PSA unit during purge. Generally, 
an increase in this flow favourably influences the operation of the whole hybrid system provided 
there is no CO2 breakthrough into the purified gas. The experiments do not yield a clear-cut answer 
concerning the effect of the hybrid configuration upon the energy consumption. Although the value 
obtained in our experiments (4.1 MJ per kilogram of CO2 captured) was higher than the numbers 
reported elsewhere, rough calculations done for a large-scale pilot installation (1000 m3(STP)/h) 
show that the energy expenditure can be decreased to 1.66 MJ/kg (CO2), and thus to a level lower 
than that in a number of single- and two-stage adsorption systems. 

Keywords:  flue gas, CO2 abatement, hybrid process, pressure swing adsorption, membrane 
separation 

 

1. Introduction 

The EU Directive 2009/31/WE concerning 
geological storage of carbon dioxide (the so-
called CCS Directive) provided a strong 
incentive for the development and 
implementation of technologies for capturing 
CO2 from various flue gas streams, especially 
those generated by the power industry. The 
separation of CO2 from gaseous mixtures can 
be realized using well-known techniques, such 
as adsorption and membrane permeation (Metz 
et al., 2005). However, due to the low CO2 
concentrations in the flue gas (usually well 
below 20 vol.%), a reasonably high purity and 
recovery of this gas (above 90 vol.%) can only 
be obtained using staged adsorptive or 

membrane separations (Tanczyk et al., 2010, 
Zhao et al., 2008, Chou and Chen, 2004, Na et 
al., 2001). In two-stage systems, the high 
recovery is achieved by minimizing CO2 
concentration in the purified stream leaving the 
first stage and recycling the CO2 remaining 
after the second stage to the inlet of stage one. 

The hybrid process is an extension of two-
stage adsorptive or membrane separations 
which, while combining the advantages of the 
two, mitigates the negative characteristics of 
these processes, namely, high energy 
consumption in the case of pressure swing 
adsorption (PSA) and considerable capital cost 
of membrane systems. Based on a theoretical 
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Figure 2: Parameters of the enriched stream leaving the PSA unit vs. duration of PSA steps. Flow rates: 10 

m3(STP)/h (feed), 1.03 m3(STP)/h (regenerating stream), ~5.5 m3(STP)/h (purge gas). 

 
Figure 3: Parameters of the CO2-rich product vs. duration of PSA steps. Flow rates: 10 m3(STP)/h (feed), 1.03 

m3(STP)/h (regenerating stream), ~5.5 m3(STP)/h (purge gas). 

It is evident from Fig. 5 that even 
considerable rise (over twofold) in the flow 
rate of the purified gas during regeneration 
produces only minor decrease in the content of 
CO2 in principal process streams. In almost all 

of the cases presented in Figs 2-5 a hybrid 
installation ensures 100% CO2 recovery. Only 
in the case of the longest cycle step length 
(135s) CO2 recovery was smaller than 100%. 
The low capacity of the system leads to a 
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