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TheSWOT analysis aims to determine decarbonization growth pathways in partners' territories.
All nine participating partnersaveprocesgdterritorial evidence on the strengths, weaknesses,
opportunities and threats of the clean energy transition, to idgnsfiitable growth areas in
relation to their existing workforce and specificities.

The individual findings on the reference cakascribing the existing situaticare compiled in
this master report along with a SWOT analysis, linking proposed growtlettoegs with labor
re-skilling needs.

I Conclusions from the reference case.

Thissectioncollatesthe conclusions from studies of all 9 natiomkich are compared using the

KPI factors. These are calculated for the p@sametess, as for instance, total cbaonsumption

or electricity production using RES and are expressed a parameter divided by a thousand of
citizens in the total population of the region (s8éntroduction for the detailed formula).

Thefollowing graph shows th&PI indicators derived for heat and electrigitypductionusing
coal fuel (leftvertical axisand the overall coal consumption in the region (right vertical axis).
This demonstrates that théighest concentration of theoal intensive industries is irhe
Western Macedonia (Greecahd Savinjska regio(Slovenid. Treseregiorshouse altoalfired
plants and supplies electricity to the rest of the counffhecoalrelated KPlén the remaining
locationsare below 5 GWh of coal energy production and &btcoal consumption per 1000 of
the regional population.
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Figurel Comparison of oal-fueled energy productior{left vertical axis)and total coal consumption (right vertical
axis)among the regions(GWh/1000 of population.

The next two graphs illustrate the proportions of renewable energy production per 1000 of
citizens along with a detailed breakdown by energy source. The common feature for all regions
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isthe key utilization of &iomass and renewable waster RES heat supplyhis values peaks in
particularly for the Nordjylland and Savinjska region. The heat supply using renewables in Stara
Zagora is negligible as below 0.1 GWh/1000 of population. The heat production is also
insignificant in the Extemadura region, howevesttréfers to the total heat production, not only
renewable one. The RES energy production breakdown for S&fest Oltenia has not been
available.
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Figure2 Comparison of kat production usingenewable energy among the region§GWh/1000 of population).

The highest ratio of RES electricity production per 1000 of citizens is indicated for Extremadura,
Nordjylland andEszakAlféld. The Spanish region relies on combinatidsolar and wind power,

while north part of Denmark is almbsntirely dependent on wind energy. The Hungarian region
shows a great contribution of hydro power, supplemented with wind and solar energy.

The lowest utilization of renewable sources for electricity production is demonstrated for
Bulgarian (Stara Zaggrand Polish (Lodzkie) regions. In this case, the total annual electricity
production from RES is below 0.5 GWh per 1000 of population.
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Figure3 Comparison of electricityproduction usingrenewable energy among the regionéGWh/1000 of
population).

The following graph illustrate the comparisohnumber of employees hired directly in the coal
industry (mines, power plants) and in theorrelated sectors(intra and inter regional jobs)
between the regions. The highest ratio betprofessional market allocated to the caelated

sector is present in Stara Zagora and Wester Macedonia. The largest dependence on jobs in the
coal mining and codlred power plants exceeding 10 employees per 1000 of population is
indicated for Star&agora, Western Macedonia and Sodtkest Oltenia.
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Figure4 Comparison of work positions in the coal industry among the regip{@Wh/1000 of population.
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1 Conclusions from the SWOT analysis.
Stara Zagora

Theregion perceives the strengths in the existingational economic developmerglan that
follows the EURESyolicyand historically accomplishegtological projectshat can prove the
ability of the country to undertake the coal sector transformation.

The weak sides includew efficiert wind generatordeveloped locally and lack of alternative
renewable sourcest KA a Ff a2 AyOfdzZRSa | KAIK Ay@dSadagySyd
insufficient internal financial resources for realization of projects for renewableeRR&D in the

energy sectors also limited

The region sees the opportunities in buildownbined plansvith ahigh-efficiency, lowcapacity
facilities, using new technologies, which are environmentally friendly.

The potential threats includeegislative mcertainty in the legal framework and lo#grm
policiesand kck of investments and business initiatives in the sector.

Nordjylland

The strengths of the region in the phasing out ein&tnsive sector, include the large wind and
solar energy resources arekcess heat from industry that along with the wedlveloped DH
system could replace the remaining céiised energy supplies.

The private sector historically proved to quickly adapt to the changing market wiay
employees in ship building, cementdanhemical industryetrained to work withinproduction
of wind power equipment, biogas, solar thermal, large scale heat pumps, control systems

The weakness is that existiggal fired planthat is being decommissioned in the next decade
is one of the rost efficient in the worldr the challenge of storing renewable energy.

The region sees its opportunity in becoming a forerunner in demonstrating how the coal based
heat and electricity Nordjyllandsveerketoal plant) can be replaceasith a new smart, higrid
energy system with electricity from wind and solar and heat from industrial production (excess
heat), thermal storages, solar thermal, heat pumps using different heat sourcesaland
geothermal heat.

The threats includeheap CCS technologiéisat might be more economical attractive than
transition to RESr that boundary conditions for district heating can be changed making
individual systems more attractive and thus reduce the total flexibility in the energy system.

LausitzSpreewald

The region peaseives their strengths in the large potential of wind, solar and geothermal energy
that could replace the coddased heat and electricity productioiihe liabilities after the final
phaseout of coal mining in Germany) will be funded by a very well findpcegram by German
Governmentwhich ensure financial security for the transformation. The region also aleradt
developedmultiple strategies for transition of Lauisi®&preewald to RES in the heating and
electricity sector which is very good backed up biitigians.
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The weak sides of the region include limited DH infrastructure that would enable quick
integration of dispersed RES plants. The key issue is also the cosalbbsed heat and
electricitywhich isstill the cheapest source of energy.

LausitzSpreewald state carhowevertake advantage of decarbonization trends in the energy
sector and develop new industrial value chains through the expansion of renewable energies,
the largescale production of hydrogen, the refurbishment of energy buildingkthe energy
optimized urban and rural transformatiorAdditionally, he postmining sites can become
redeveloped and converted into a solar energy park

The new proposal of the government coal commission aiming at phasingoal intensive
industries etirely by 2038 may face delays in order to maintain the energy seawtitgh is a
potential threat to the coal transition

Western Macedonia

The region anticipates its strengths in the research capacities, renewable sources potential and
a great importace of the region for the whole nation.

The main weakness is the higependencef the local economyn the lignite industry activities
and fur industry, against other economic activiti&his also include a high unemployment rate
and lack oforeign inestments

The potential opportunities include enpowerment of policies towards to new economic
activities (green economy, use of RES, social economy, agriculture of high productivigabtc.)
possibilitiesto reusethe postoperationallignite industry ingllations,by integrating them into
the new economic and social reality.

The region anticipates some threats in the ephaasing out process whichdentinuation of the
environmental degradation of the area and in compliance with European and national
commitments regarding the reduction of carbon dioxide pollutankdoreover, a élay in
adopting innovations and new technologies by SMEs aentlall aloss of markets in Greece and
abroad.

EszakAlfold
No SWOT analysis provided.
Lodzkie

Lodzkie region is @nof the best developing voivodships in the country in the field of renewable

energy sources RES. The region has a large potential of biomass, geothermal waters and wind
GKAOK Aa AlGQa | RSTFAYAGS A0GNBYy3IlIKD aseardiS2 gSNE
capacity which is a strong point of the Lodzkie Voivodeship. Besides that fact, Poland has
legislation to promote the transition from cebsed energy to clean energy, such as : Clean Air,

Energy Policy of Poland until 2030.

Among key weaknessedl® high rate of job loss in the caatlustrywhich involve up to 20,000
work placesThe other issue is the curreghare of energy from renewable souragkichin the

total amount of energy produced in the region is only 2¥ihe region and the whelcountry
there is nsufficient ecological awareness of the society is a general obstacle to the introduction
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of various environmentalnpgrans, e.g. related to the replacement of cdakd furnaces with
gasfired furnaces for individual customers.

Lodzké Region igerceived asa moderate innovator at the medium level with progressive
dynamics of innovation growtilhis gives it an opportunity to develop further and become a
precursor in the country in highly progressive transformation from the coal eTik@pportunity

for expanding geothermal installations that already have been successfully built.

The anticipated threat is in theMEghat do not fully use the financial support of ROP WL in the
implementation of innovations.

South-West Oltenia

The region is rich in mineral resourceBhe cost coal extraction increases unlike to the quality of
coal and the extraction techniques. This may be a trigger point for incentivizing renewable and
low carbon energyMoreover, he local work forces have a greatailability ofre-training and

skills developmenprograms.

The key weaknesses inclugfesufficient green spaces in the cities of ttegion and the high
dependence on the coddased heat and electricity. This is mostly due to great ratitamfe
industrial units with obsolete and energgtensive technologyhat are present in the industry.

The region sees opportunitiesdeveloping the service sectt createnew jobs It could utilize
EU funds through operational programihis also includespmssibiity of implementing modern
methane capture technologies from coal and methane emissions from the exploited dields
degassing coal.

The main threat for the coal transition iscreasing the unemployment rate following the
privatization of large enterprés and industrial restructuring;

Savinjska

Among the strengths of the region is very wadlveloped DH and DC system, low unemployment
rate and highly skilled workforce capacities.

¢ KS NBIAZ2YQa the BnitatioyisSta theSexploitatith of some pes of renewable
energy sources such as landscape conditemddifficulties with obtaining all necessary legal
permissions or lack of fusd There is also noverarching framework defining restructuring
support instruments for codired energy produceraeither on the regional or national level.

The potential opportunities are perceivedimcreasing effort on the exploitation of renewable
energy sources (primarily wood biomass and solar enaaggl) cevelopgng of new innovative

energy servicesThis alsdnclude mssibilityto reuse of out of operation coal mining industry
installations after the lignite mine closuaad redesigning posiining landscapes in the future.

The issue of phasing out coal in Slovenia is controversial in the sense that falsiiolatives

that could realistically substitute the energy source without having a profound impact on the
economy and moreover an economically viable energy supply to households and indhstry

is arisk of higher energy import dependence due to phgsbut coal. Another threat is adss

of workplaces directly or indirectly linked to the coal value chains that would primarily have
consequences on local level.
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Extremadura

The key strength of the region is lack of either coal excavation sector diiregigblants.

Although, themain report indicates someoal activity in the region, this is only a result of the
extrapolation of national figures to the regional level using the population factor. Lack of the
specific data sources, however, can misledaetactual picture for Extremadura, which is
entirely free of any coaintensive industry.

Extremadura has still space for further development of renewable andtétyon energy, singe

it has a ery good potential of solar, biomass and hydro eneffjyereis also a strong SMEs
cluster with a number otompanies specialized in renewable technologies at regional and
national level.

¢KS NBIA2YyQa ¢ Sgh tae Davadnploymeyishd difRuties o implement
district heating, due to lack ofxperence and limited hours of heating neededAlternative
renewable energy sources as geothermal energy are rather negligible.

Thefurther expansion of RESeates oppor'gynities for new jobs in the constructisector. The
SySNHe (-BDPp O MNY K 8ith thiSradevdalle systems will facilitate the further
development of low carbon system.

There are no threats in the region related to the ebaked energy production, as there is no
such production in Extremadura.
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Agricultural residuesg cereal straw, grain maize, rice straw, sugar beet leaves, citrus pruning,
olive pruning and pits, vineyard pruning.

Bachelor levelc programs designed to provide intermediate academic and professional
knowledge, skills and competences leading to a firsteleg@r equivalent qualification.

CHR; Combined Heat and Power
DHc District Heating

Doctoral levelg programs designed primarily to lead to an advanced research qualification,
usually concluding with the submission and defense of a substantive dissertation

Forest residuesbroadleaved forest, coniferous forest, mixed forest, natural grassland, moors
and heathland, sclerophyllous vegetation, transitional woodland shrub.

HFD¢ HeatFlow Density
KPIg; Key Performance Indicators

Livestock effluents production of solid and liquid residues from breeding of the following
livestock: pig, cattle, poultry.

Master levelg programs designed to provide advanced academic and professional knowledge,
skills and competences leading to a second degree or equivaletifigation.

SMEC Mediumssize enterprises
Mtoe ¢ mega tone of oil equivalent

Municipal solid waste households waste and economic activities waste excluding recyclable
waste (paper, cardboard and wood waste), food, vegetal waste and used frying oil.

n.a. ¢ not applicable

NUTS Nomenclature of territorial units for statistiesa hierarchical system for dividing up the
economic territory of the EU

NUTS 1: major soceconomic regions

NUTS 2: basic regions for the application of regional policies
NUTS 3small regions for specific diagnoses

R&D¢ Research and Development

RES, renewable energy sources
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Shortcycle tertiary educatioq programs practicalipased, occupationalgpecific and prepare
for labor market but also can provide a pathway to othextiary programs.

Vocational educatioq education that prepares people to work in various jobs, such as a trade,
a craft, or as a technician.
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The report summarizes the key findings for individual studies of all 9 nations. This includes an
overall picture of the reference case and the main conclusions of the SWOT an#hssis.
reference case provides an overview of the curremeérgy sector, its performance and favorable
factors that would facilitate the coal energy transitiofhe conclusiadrawn in this task will
enable to completethe subsequentSWOT analysisThe investigated areaslong the
justification on how they apply to the decarbonization strategy are listed below

1. energyconsumption and its proportion sourced frazonal- to identify the magnitude of
coal fuel dependence in the regipn

2. the proportion of renewable energy resources in the energy production and the
LRGSYdArt 2F GKS NBYFAYAYy3d YWabdad BegdtandT dzS f
electricity- to understand the availdlity and potential of utilizing the alternative energy
sources in the regign

3. district heating potential to supply efficient heatingto assess the feasibility of
incorporating alternative energy generation plants into the existing transmission
infrastructure,

4. workplaces connected to coal value chains in the regimnidentify the proportion of
the population in the region directly dependent on the coal industry

5. present pattern of general employment structure in the regioto define the local
capacites for the coal conversion process that create opportunities for new job
positions

6. regional educational and research capaciti¢s provide information on the potential
future capacities of educating the workforce that could take part in and afterctz
conversion process

7. regional innovation and transition culture and experiences in the public and private
sector- to explain the overall tendencies and typidsthaviorof the institutions and
companies in the face of diametrical changes in the enst@tegy.

8. regional innovation and transition culture from the political and organizational
perspectiveq to identify what arethe current regulations,programs and schemes
related to coal conversion and implementation of carbon emission mitigating measure

9. financial support for undertaking energy conversion investmentdo identify the
regional/ national funding options for the potential investment into for example energy
conservation in buildings, renewable energy generation and efficient energy supply

The subsequent SWGstudy summarizes the key strengths, weaknesses, opportunities and

threats of the clean energy transition. It is based on the conclusions made when describing the
present situation in the earlier section.
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The breakdown of the regionsvestigated for this study is collated in the following table.

Initials Country Partner

BG

DK

DE

HU

PL

RO

SL

Bulgaria

Denmark

Germany

Greece

Hungary

Poland

Romania

Slovenia

Spain

level
Stara Zagora nuts2
Regional
Economic
Development
Agency
House of
Energy
Ministry for
Economic
Affairs and
Energy, State
of
Brandenburg

nuts2

nuts3

Regional nuts2
Association of
Local
Governments
of Western
Macedonia
ENEREA Esze
Alfold
Regional
Energy Agenc)
Nonprofit Ltd.
Marshal Office
of Lodzkie
Region
SouthWest
Oltenia
Regional
Development
Agency

nuts2

nuts2

nuts3

Energy Agency nuts3
of Savinjska,
Saleska and
Koroska
Region
Extremadura
Energy Agenc)

nuts2

NUTS NUTS number

BG41 (Stara Zagora
BG344)

DKO050

DE406 Dahm&preewald
DE407 Elbé&lster

DE40b Oberspreewald
Lausitz

DE402 Cottbus, Kreisfrei
Stadt

DE40g Sprebleil3e

EL53

HU32

PL71

RO411Dol]

RO 41X

RO41IMS KSRA Yy U
RO 4140t

RO 415/alcea

S1034

ES43

Region

Yugozapaden

Nordjylland

Brandenburg
Lausitz
Spreewald

Western
Macedonia
(Dytiki
Makedonia)

EszakAlfold

5 RI

1728

SouthWest
Oltenia

Savinjska

Extremadura

Tablel Coalintensive regions investigated in the SWOT study.

The following chaptepresentsthe findings for the reference casgganized by the topic. This
means the preset situation for all nine regions is described as area by area. This structure
enables to makeraeasiercomparison othe energy sector between the countries.
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This section presents the findings fitie regionregardingthe existing energy sector and aspects
directly related to the coal industry. This begins with the basic overview of the energy
consumption and production using coal and RES technologies. This is followed by the key facts
about human resources, education@research capacities with the particular focus on the coal
and lowcarbon energy segments.

The chapter is concluded with political and organizational attitude and readiness for the energy
conversion actions and is concentrated on the programs, schentemeentivesupporting the
energy efficiency investments and employment transformation to suit the changing working
environment.

The analysiss performed usingne oftwo types ofdata sourcesThe first one ithe local data
which areissued for the prticular region by local authoritigspecific data)andthe second is
the standardized data that have been produced for all European countries and are widely
available(general data) The generatlatasource usually contains the figures representing the
entire country. In order to apply them in the regional description, these need szaled down.
The ratio that allows thenost adequateconversionespecially in respect to energy usage and
employment characteristits the proportion between the populatioin the region and the total
population in the country. This should be calculated according to the formula (example values
are for Nordjylland in Denmark):
Ty 0 &N o a@ETROEQQE o Yig o v
VEN OO DR RRIGE B E 0 VT Y ©

PB P

Thisestimate may not always beaccurate hencethe local data sources if availablec have
been chosen witha priority. If the local data are not sufficient or not present, then the general
figures and the population scaling factor were used instead.

The most important parameters have been standardiasidg keyperformancendicators (KPIs)

This enables t@ompare the findings of all nine regions in Europe with each otiibe KPIs
express any parameter that is analyzed for a region, e.g. electricity production using coal fuel or
heat supply via district heatirgs per one thousand gfeople inthe region The formulafor the

KPI along withthe example figure based on the population in the Nordjylland region is:

Y 50 0O GAaQo Qi 0 Qi GAaQo Qi

00 Or—a——1

VENOOWMP®E QQE ¢ vyxoou
pTTT pmmTm

The aspects related to theference case that are difficult to quantifgre described ira form
of plain text and comments.
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4.1 eEnhergydemand coal consumptiorand efficiency potential related to
coal fuel

41.1 Bulgariac Yugoiztocherregion

Yugoiztochen Region is situated in soatstern partof Bulgaria with Stara Zagora being the
administrative center of Stara Zagora District, part of the region. The region is often referred as

G¢KS 9ySNH& | SINI¢ 2F . dzf I NRI & c¢cHKé&dpbdsaAzy K23
forming Maritsa EasComplex. Maritsa East Complex is the biggest energy complex in-South

East Europe with significant importance not only on national but also on regional Téweel.

complex is located in a large lignite coal basin, which includes several mines, enrichmest pla

a briquette plant and possesses its own railway system.

&

o ) /

Figure5 Location of theYugoiztocherregion on the map25.]

The proportion between the population in théugoiztochemegion and the totapopulation in
the country should be calculated according to the formula:
e a bl £ N0 & IR0 g Tip G v
VENOADWEETEN 6 o MISRE B & 0 XWTP L ©

PE P

This population factor was develeg in order to scale down the national values to the regional
level in case the local data are unavailable.

Primary energy production in the country satisfies 62% of the gross domestic energy

consumption with relatively unchanging structure in recent yeand in dynamics stemming
from consumption (Bulgarian National Statistic Institute data).
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Figure6 Primary Energy Production and Gross Domestic Energy Consumption, 1006eEed on gneral data

Primary Energy Production Structure (2015)

= Coal50.7%

= Nuclear 34.0%

= RES Biomass 7.6%
= Natural Gas 0.7%

* RES Hydro6.4%

= RES Hydro 0.5%

Oil and others 0.2%

Figure7 Primary Energy Production Structure (2015gsed on generallata.

About 2/3 of the fuels and energy are used by plants to produce electrical and thermal energy,
approximately 1/3 of the fuels and energfrom refineries to produce petroleum producisd

an insignificant part from briquette factories. The result of the conversion energy is about 60%
of the input for conversion.

Final use of energy used for neenergy consumption (basically from the chemical industry)
and energy consumption.
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Structure of final energy consumption (2015) Final energy consumption in different sectors (2015)

u 0il 36.0%

u Electricity 26.0%
m Industry29%

» Natural Gas12.6%

u Heating 8.7%

u Coal 3.4%

» Coalbased Fuels 0.3%

m Transport 35%

= Others 36%

© RES and Waste 12.6%
© Heating from RES 0.6%

Figue 8 Structure of final energy consumption (2015)

The energy demand including heat supply, electricity production and cooling demand for the
entire region in 2016 is presented on the following graph.
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- ]

Heat demand Cooling demand Electricity demand

Figure9 Annual energy demand iYugoiztocherregion indicated by general sourde.], [3.] (GWh/annum), 2016.

There is no specific data for the region, that have been reported. The data from the national
level have been collected, standardized using the population factor and reported in the
following section.

The annual coal consumptias collated in the table below.

Coal source (GWh/annum

Coal production 9,900
Coal export 0
Coal import 1,400

Total coal consumption 11,300

Table2 Annual coal consumption with the breakdown of coal source fugoiztochenegion according to
general sourcg3.] (GWh/annum), 2016.

The next graph shows the progimm of coatfired electricity production (blue column) and ceal
fired heat production (yellow column) in total energy demand.
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Figure10 Proportion of energy generated using coal fuel Yugoiztocherregion according to generalsirce
[3.][2.], (%), 2016.

Energy production using coal fuslcollated in the table below.

Coalfueled energy production (GWh/annum

Coalbased electricity generation 3,300
Total electricity genetion 6,200
Coalbased heat sale 800

Total heat sale 3,700

Table3 Total and coabased production of heat and electricity ifugoiztocherregion according to general
source[3.][2.], (GWh/annum),2016.

Coal consumption and cebbsed energy production per 1000 of populatierpresented in the
following table.

Key Performance Indicators (GWh/1000 of populatio

Total coal consumption 108
Coalbased electricity genetin 32
Coalbased heat sale 0.8

Table4 Coal consumption and coddased energy production per 1000 of population Yugoiztochenegion
according to general sourcd.], 2016.

Side20af 252



F’IamEnergi'

4.1.2 Denmarkg Nordjyllandregion (example)

Nordjylland (Nord Jutland) is one of five regions in Denmark located in the northern parts of the

country.The largest cities are Aalborg, Hjgrring and Frederikshavn. The last twioedglants
are situated in the proximity of Aalborg.

S

™
Figurell Location of the Nordjylland region on the maj25.]

The energy demand including heat supply, electricity production and cooling demand for the
entire region in 2016 is presented on the follmg graph.The energy volumes in the adjacent
columns represent two different soursef data usedgeneral andocal).

6,000
5,000
E 4,000
=3
£
& 3,000
=
% 2,000
1,000
0 ]
Heat demand Cooling demand Electricity demand
(GWh/annum) (GWh/annum) (GWh/annum)

B General data W Specific data

Figure12 Annual energy demand in Nordjylland regiondicated by general sourcf.], [3.] and specific
information [4.] (GWh/annum), 2016
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Heat sale ighe heat production exclusive of DH heat losses as delivered to the final user.
Electricity demand refers to the gross electyairoduction inclusive of transmission losses
only the total electricity output at the generators is known for the regions

Thediscrepancy in data between the sourced materialsnostly due to dowssizing national
data to the regional level. This agptimation error showshe heat demand in Nordjyllandas
only underestimated by 10GWhcompared to the local statistics. There is no information about
cooling needs according to the local sourEtectricity productiorin reality is higher by circa
1,000GWh than calculated using country figures.

The next table presents the overall consumption figures for the coal in Nordjyalland. The
national volumeseduced using the population rati@ppear to match the coal consumption in
the electricity generation praazssdemonstratedin the local data. This does not account for the
coal used in the industry which nearly douthtbe overall consumption.

Coalsource(GWh/annum) General data Specific data

Coal production 0 0
Coal export 0 0
Coal import 1,900 4,670
Total coal consumption 2,260 4,670

Table5 Annual coal consumptionvith the breakdownof coal sourceor Nordjylland regionaccording to general
source[3.] and specific informatior{4.], (GWh/annum),2016.

Nearly 2,506GWh of total coal consumption is utilized in the industry which leaves the
remaining circa 2,20GWh used for the energy productio@oal consumption figures indicate
the cumulative usage of all types of siolilels which include hard coal and brown coal/lignite.

Nearly 20% (overestimated 30% based on the general data) of electricity in Nordjylland is
generated using coal fueSimilarly, circa @6 of heat (whichhesembles the estimateasing
national figues and population ratio) is produced in the coal combustion.

General data Specific data

Coal-based electricity generation Coal-based heat sale Total energy generation

Figurel3 Proportion of energy generated using coal fuel in Nordjylland regastording to general sourc.],
[3.] and specific informatior{4.] (%), 2016.

The exact annual energy production output is collated in the table below.
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Coalfueled energy productionlGWhannum) General data Specific data

Coalbased electricity generation 910 800

Total electricity generation 3,120 4,260
Coaitbased heat sale 710 1,080
Total heat sale 5,880 5,970

Table6 Total and coabased production of heat and electricity in Nordjylland regi@aecording to general source
[3.] and specific informatior{4.], (GWh/annum),2016.

The most important parameters have been converted to thg performanceindicators (KPIs)
which indicate the energy share per one thousand of the pagmn in Nordjylland.

Key Performance Indicators (GWh/1000 of populatio General data Specific data

Total coal consumption 3.8 8.0
Coalbased electricity generation 15 1.4
Coalbased heat sale 1.2 1.8

Table7 Coal consumfion and coatbased energy production per 1000 of population in Nordjylland region
according to general sourdd.] and specific informatior{4.], 2016.
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GermanyclLausitzSpreewald region

4.1.3

A NUTS2 regn ¢ according to the Nomenclature of territorial units for statistewith a coal

driven industry is Brandenburg. Not the entire region, however, is directly affected by the carbon
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Figurel4 Location of the coalntensive state, LausitSpreewald in Brandenburg region (NUTS2E.].

The LausitSpreewald region consists of five NUTS3 areas:
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- DEA407 county (Landkreis) Elbelster

- DEA4OR; county (Landkreis) OlbgpreewaldLausitz
- DEA40Z; city of Cottbus

- DE40Q; county (Landkreis) Sprexeil3e

- DEA406&; county (Landkreis) Dahrgpreewald

The energy demand including heat supply, electricity production and cooling demand for the
entire region in 2016 is presented oretlfollowing graph.
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5,000
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3,000

[GWh/year]

2,000

1,000

Heat demand Cooling demand Electricity demand

Figurel5 Annual heat and cooling demand in Laustpreewald region indicated by general sourfZ] and
electricity demand based on local dafa4.] (GWhannum), 2016.

Heat sale is the heat production exclusive of DH heat losses as delivered to the final user.
Electricity demand refers to the gross electricity production inclusive of transmission losses as
only the total electricity output at the generatsiis known for the regions.

Heat and cooling needs for the Lausiipreewald region were sourced from the hotmaps online
tool since the statistics for NUTS3 level were not available. Electricity demand was provided from
local data sources.

The next tablepresents the overall consumption figures for the coal in Lax&itzewald. In
order to scale down the national values, a new extrapolation factor was developed. The
population ratio proposed in the manual, does not reflect the coal dependence of L-ausitz
Sreewald accurately. This is due to a high concentration of population placed around the
central parts of Brandenburg, unlike the cdralsed industry which is present only in five NUTS3
level locations within the Lausi@preewald. For this purpose, the gpadation factor was
replaced with electricity production ratio reflecting the proportion of total electricity generated
in the state Lausit®&preewald compared to the Brandenburg region.

L, 00 Qo N NO VO GTNOENNE & Th TIDGQ
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Coal source (GWh/annum

Coal production 6,100
Coal export 0
Coal import 2,000

Total coal consumption 7,500

Table8 Annual coal consumption with the breakdown of coal source for LauSipreewald region according to
specific sourcf23.], (GWh/annum),2016.

Half of the annual coal consumption is produced in the local mines while the other half is sourced
from abroad. There is no direct statistics on the proportion of coal consumption in the industry.

Coal consumptiondures indicate the cumulative usage of all types of solid fuels which include
hard coal and brown coal/lignite.

The next graph shows the proportion of cdiakd electricity production (blue column) and ceal
fired heat production (yellow column) in totehergy demand. Circa 40% of electricity and 5%
of heat demand in Lausi3preewald is generated in the coal combustion process.

100%

80%

60%

40%

20%

0%
Total energy production

B Coal-based electricity generation
Coal-based heat sale

Figurel6 Proportion of heat generated using coal fuel in LausBpreewald region according to gers source
[3.][2.] and electricity demand based on local d428.], (%), 2016.

The exact annual energy production output is collated in the table below.

Coalfueled energyproduction (GWh/annum)

Coalbased electricity generation 2,6002%
Total electricity generation 4,200
Coalbased heat sale 300
Total heat sale 5,500

Table9 Total and coabased production of heat and electricity in Lausi@preewald region according to general
source[3.][2.] and electricity demand based on local dg4£8.], (GWh/annum),2016.

Themost important parameters have been converted to the keyformanceindicators (KPIs)
which indicate the energy share per one thousand of the population in Lebsitewald.
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Key Performance Indicators (GWh/1000 of populatio

Total coal consumption 10.8
Coalbased electricity generation 4.3
Coalbased heat sale 0.5

Table10 Coal consumption and coddased energy production per 1000 of population in Lausipgreewald region
according to general sourc.] andlocal datg23.], 2016.
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414 Greeceg Western Macedonia region

Western Macedonia is one of the eleven regions in Greece, the only one without access to see
coastal zone, with mostly mountainous terrain. Kozani, Ptolen#orina and Grevena are the
major cities of the regions of which only the last is not involved in the lignite industry activities
of the region.

Figurel7 Location of the coalntensive state, Western Macedonia region (NUTS2p.].

The proportion between the population in the Yugoiztochen region and the total population in
the country should be calculated according to the formula:
F s e o0 € N O G GRESQQEQQE & XIP Y Y
UVENOU O R T BEB: b P& PR W O

® P

This population factor was developed in order to scale down the national values to the regional
level in cas¢he local data are unavailable.
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The electricity demand as registered by ELSTAT up to 2012, was in the magnitude of 964 GWh
per annum (average for years 2008 up to 2012) representing 1.82% of the electricity demand of
the Greek interconnected system. Acdimg to the population data of the Region for the same
period represents 2.58% of total Greece and the 2.88% of the mainland where interconnected
electricity system is available, resulting to a prediction of a regional electricity consumption of
1522 GWh.According to that it is presented a lower than national average electricity
consumption which was taken into account on the prediction of 2016 annual consumption
accordingly resulting into 933 GWh instead of 1305 GWh based on national electricity
generatbn and portion of regional population.

Furthermore, heating and cooling data were used according to the findings of the RES H/C
SPREAD project-€onded by the IEE program of the EU (2Q2916), where ANKO the Regional
Development Agency of Western Matmnia was involved. A close prediction of heating
demand is presented where specific data deals with 1781 GWh/annum while general data
estimates 1938.8 GWh/annum. A significant discrepancy deals with cooling demand estimated
in the magnitude of 108.5 GWhiaum by used specific data while 487.24 GWh/annum are
indicated by general data, subject to the calculation of dwellings, buildings use and 2011
population of the first approach.
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£ 600

400
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Heat demand Cooling demand Electricity demand

B General data  m Specific data

Figure Annual energy demand in Western Macedonia region according to géserace[2.], [3.] and specific
information [26.] (GWh/annum), 2016.

Heat sales from district heating are linked to the Kozani, Ptolemais and Amynteo cities, which
are supplked heat by lignite fired power plants. Kozani DH system has a capacity of 222 MWth
connected to Agios Dimitrios Power Plant. Ptolemais capacity is 105 MWth supplying heat from
Kardia power Plant while will be connected to the new Ptolemais V plant &fteommissions

in 2021. Amynteo of a 25 MWth capacity is connected to the Amynteo Power Plant is searching
for alternative heat supply sources building a same capacity biomass boiler for sustain DH
2LISNI GA2y FFOEGSNI LY FyiQa ddtodpecadd Blorihacitydf@ 1081 & a i !
MWth capacity linked with Meliti power plant operati¢a7.].

National heat sold data refers to 2.134 PJ or 589.7 GWh which is consistent to the local data of
485.7 GWh [16], derived from Dddmpanies for 2016, taking into account the existence of an
additional DH system supplied heat from lignite power plant in MegalogoR&loponnese
Region. With respect to the fact that organized heat supply is totally based on lignite fired plant
operation with limited use of their back up diesel fuelled boilers it can be concluded that heat
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market is dominated by lignite industry in the Region of Western Macedonia. Rest of the region
uses diesel and alternative fuels in domestic boilers for coveringichally their heating needs.

Lignite is the dominant domestic fossil fuel used for decades as the main energy source for
electricity production. Exploited lignite deposits are located mainly in the region of Western
Macedonia, while a second and onlgnite region is located in MegalopolisPeloponnese
NEIA2yd [AIYyAGSQa dziAatATFOA2Y aSNWSa YlAyte (K
95% or more, while imported coal is used as supplementary fuel.

Total lignite consumption of the regiomas based on data reported in the LCP database of EEA
for power plants operation in 201@9.]. The significant discrepancy between general and
specific data deals with the availability of exploited lignite deposits in only égns of the
country, producing and utilizing the lignite mined.

Coal source (GWh/annum General data Specific data

Coal production 1,300 0
Coal export 0 0
Coal import 50 0
Total coal consumption 1,300 40,300

Table11 Annual coal consumption with the breakdown of coal source for Western Macedonia region according to
general sourcd3.] and specific informatior[29.], (GWh/annum), 2016.

The next graph shows the proportion of cefakd electricity production (blue column) and ceal
fired heat production (yellow column) in total energy demand.
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m Coal-based electricity generation Coal-based heat sale Total energy production

Figurel8 Proportion of energy generated using coal fuel in Western Mdoaia region according to general
source[2.], [3.] and specific informatior{30.][4.] (%), 2016.

The exact annual energy production output is collated in the table below, as derived from
published data of power plants hourly production by IPTO SA processed by CERTBUGPERI
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Coalfueled energy production (GWh/annum Generd data Specific data

Coalbased electricity generation 450 12,600
Total electricity generation 1,300 950
Coalbased heat sale 15 500
Total heat sale 1,950 1,800

Tablel12 Total and coabased production of heat and electiity in Western Macedonia region according to
general sourcg3.] and specific informatiofi30.], (GWh/annum),2016.

Coal consumption and cebhsed energy production per 1000 of populatie presented below.

Key Performance Indicators (GWh/1000 of populatio General data Specific data

Total coal consumption 4.7 147.4
Coalbased electricity generation 1.6 46.2
Coalbased heat sale 0.1 1.8

Tablel13 Coal conamption and coalbased energy production per 1000 of population in Western Macedonia
region according to general sourdd.] and specific informatior{30.], 2016.
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4,15 Hungaryc EszakAlféld region

g

. . P P —
Figure 19 Location of the EszaRlféld region on the mag]25.]

The proportion between the population in the Yugoiztochen region and the total population in
the country should be calculated according to thetioia:
C e a0 €N OO CQESRQEQQEGT opy Y
0 € noacuaw@é%é N6 G CILRED & o Wlguly ¢ p

p Bb

This population factor was developed in order to scale down the national values to the regional
level in cas the local data are unavailable.

The energy demand including heat supply, electricity production and cooling demand for the
entire region in 2016 is presented on the following graph.

Side32af 252



PIanEnergi'

10,000
8,000

6,000

[GWh/year]

4,000

2,000

Heat demand Cooling demand Electricity demand

Figure20 Annual heat and cooling demana iEszakAlféld region indicated by general source (GWh/annum),
2016.

There is no specific data for the region, that have been reported. The data from the national
level have been collected, standardized using the population factor and reported in the

following section.

The annual coal consumptiés collated in the table below.

Coal source (GWh/annum

Coal production 2,600
Coal export 700
Coal import 1,900

Total coal consumption 4,000

Table14 Annual coal consumption witlthe breakdown of coal source for Esza#f6ld region according to general
source[3.] (GWh/annum), 2016.

The next graph shows the proportion of céiaéd electricity production (blue column) and ceal
fired heat production (yediw column) in total energy demand.
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Figure21 Proportion of energy generated using coal fuel in EsZdf6ld region according to general source
[3.][2.], (%), 2016.
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Energy prduction using coal fues collated in the table below.

Coalfueled energy production (GWh/annum

Coalbased electricity generation 800
Total electricity generation 4,800
Coalbased heat sale 100
Total heat sale 9,200

Table15 Total and coabased production of heat and electricity iEszakAlféld region according to general
source[3.][2.], (GWh/annum),2016.

Coal consumption and cebbsed energy production per 1000mdpulation is presented in the
following table.

Key Performance Indicators (GWh/1000 of populatio

Total coal consumption 2.7
Coalbased electricity generation 05
Coalbased heat sale 0.0

Table16 Coal consumption and cddased energy production per 1000 of population EiszakAlféld region
according to general sourd8.], 2016.
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4.1.6 Poland¢ Lodzkie region

Lodzkie is a region poor in mineral resources. There are 585 documented deposits, ainshich

a dozen are of greater importance for the economy. From the economic point of view, the most
AYLERNIFYG INB ftA3IYyAGS RSLIRaiAda ySFEN . SOOKI (5 g¢
%0201 86 yR w232iy2d ¢KS . NRgy Ifoethefdomestiy S b. SOC
demand for this raw material.

In the northern part of the region there are minemgothermal waters with favorable
O2yRAGAZ2Yy & TFT2NJ LINPRAzOGAZ2Y AYy GKS gStfta Ay ! yAS:

The valleys of larger rivers in the voighip (Warta, Pilica, Bzura) lie on its outskirts. To the
interior of the upland reach only narrow valleys of small watercourses, which radially propagate
from the center towards the main large valleys. The largest reservoirs are the Sulejowski
Reservoir ad the Jeziorsko Reservoir.

Lodzkie is one of the best developing voivodships in the country in the area of renewable energy
sources. The region has a large potential of biomass, geothermal waters and wind. There are
more than 170 wind power plants in LodNatural geothermal resources of the region are used

in heating and recreation. The intensified development of the energy sector in the region,
observed in recent years, has contributed to the creation of links and cooperation between
institutions and enteprises.

v
Q

.'.‘ﬂ.

Figure22 Location of the bdzkieregion on the map25.]
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The proportion between the population in tHeodzkieregion and the total population in the
country should be calculated according tetformula:
0 £ 104 @ENRQEQQE Eh Xipg

VENOa b e E 0o e T

This population factor was developed in order to scale down the national values to the regiona
level in case the local data are unavailable.

The energy demand including heat supply, electricity production and cooling demand for the
entire region in 2016 is presented on the following graph.
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Figure23 Annual energy demad in Lodzkie region indicated by general souf@g], [3.] (GWh/annum), 2016.

There is no specific data for the region, that have been reported. The data from the national
level have been collected, stdardized using the population factor and reported in the

following section.

The annual coal consumptias collated in the table below.

Coal source (GWh/annum

Coal production 37,100
Coal export 8,200
Coal import 3,800

Total coal consumption 49,100

Table17 Annual coal consumption with the breakdown of coal source for Lodzkie region according to general
source[3.] (GWh/annum), 2016.

The next graph shows the proportion of cdiaéd electricityproduction (blue column) and coal
fired heat production (yellow column) in total energy demand.
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Figure24 Proportion of energy generated using coal fuel in Lodzkie region according to general s{Ritf2],
(%), 2016.

Energy production using coal fuslcollated in the table below.

Coalfueled energy production (GWh/annum

Coalbased electricity generation 900
Total electricity generation 10,800
Coalbased heat sale 4,400
Total heat sale 16,800

Table18Total and coabased production of heat and electricity in Lodzkie region according to general source
[3.][2.], 2016.

Coal consumptionrad coatbased energy production per 1000 of population is presented in the
following table.

Key Performance Indicators (GWh/1000 of populatio

Total coal consumption 19.9
Coalbased electricity generation 0.4
Coalbased heat sale 1.8

Table19 Coal consumption and coddased energy production per 1000 of population in Lodzkie region according
to general sourcg3.], 2016.
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4.1.7 Romaniac SouthtWest Oltenia region

SouthWest Oltenia Region is located the southwestern part of Romania and comprises five
counties: Dolj, Olt, Valcea, Mehedinti and Gorj. The subsoil of the S@ath Oltenia Region is

rich in natural resources such as coal, lignite exploited by the National Company of the Oltenia
Lignitein the counties of Gorj and Valcea. Soil and subsoil resources are the basis of raw
materials in the local and regional economy, their presence being a premise for the development
of human settlements, the multipurpose employment of the workforce anditisegase in living
standards.

-
2 d
y
.

Figure25 Location of the SoutHWVest Oltenia region on the maf25.]

—

Population ratio for the SouthiVest Oltenia region compared with the total population in
Romania is:
0 £ N0 EENQOEQQE @ho iip w L

DENOADWOEE—————m o - * =
d ﬁsnoammamsop&tMHHm

The main primary energy resources in the year 2017 were 34,291.4 * thousand toe, out of which
21,303.5 thogand toe in domestic production and 12,987.9 thousand toe in import, having the
following structure.
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Resursele de energie primara, in anul 2017

Primary energy resources, in 2017
41821 mii tone echivalent petrol
thou tonnes of oil equivalent
Titei Carbune + cocs
Crude oil Coal + coke
11,6%
24%
Alte resurse
10.2% Other resources
7,8%
" Produse petroliere
Petroleum products
n.7% Energie hidroelectrica,
0.8% coliana si caldura nucleara
Hydroelectric solar
Gaze naturale photovoltaic and nuclear heat
N Lo Energie electrica din import
Imported electric energy

Productie + stoc la 1 lanuarie Import
Production + stock on January, 19 B oo

Figure26 Primary energy resources local d488.], (%), 207.

Electricity production by combustiasf coal extracted from the region (the key power plants in
cities: Rovinari, Turceni, Isalnita, Craiova, Govora) and the use of water falls (Danube
hydroelectric power stationslron Gates | and I, hydroelectric power plants on the Middle Olt)
makes theegion the most important area where electricity is produced in Romania. At present,
the thermoelectric power plants are in a continuous process of retrofitting to increase the
efficiency and to reduce the emissions generated by the combustion of coal.

Theenergy demand including heat supply, electricity production and cooling demand for the
entire region in 2016 is presented on the following graph.

20,000
16,000
® 12,000
Z
E
] 8,000
4,000
o [
Heat demand Cooling demand Electricity demand

Figure27 Annual energy demand in SouttWest Oltenia region indicated by generaburce[2.], [3.]
(GWh/annum), 2016.
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In 2017, Complexul Energetic Oltenia produced 15 TWh of energy. In percent, this represents
24% of the country's total energy production, at a production of 22.8amitons of coal

The coal consumption and coal related energy produdiigures have been obtained using the
local data sources. These are presented in the following section.

The annual coal consumptids collated in the table below.

Coal source (GWlahnum)

Coal production 5,000
Coal export 0
Coal import 600

Total coal consumption 5,900

Table20 Annual coal consumption with the breakdown of coal source fBouthWest Olteniaregion according to
specific sourcg39.][3.], (GWh/annum),2017.

The next graph shows the proportion of cdiabd electricity production (blue column) and ceal
fired heat production (yellow column) in total energy demand.

100%
80%
60%
40%

20%

0%
Total energy production M Coal-based electricity generation ® Coal-based heat sale

Figure28 Proportion of energy generated using coal fuel8outhWest Olteniaregion according tespecific
source[39.][3.], (%),2017.

Energy production using coal fuslcollated in the tabl®elow.

Coalfueled energy production (GWh/annum

Coalbased electricity generation 5,900
Total electricity generation 15,000
Coalbased heat sale 0
Total heat sale 16,000

Table21 Total and coabased production of heat aneélectricity in South-West Olteniaregion according to
specific sourcg39.], (GWh/annum),2017.
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Coal consumption and cebbsed energy production per 1000 of population is presented in the
following table.

Key Performance Indi¢ars (GWh/1000 of population)

Total coal consumption 3.1
Coalbased electricity generation 0.97
Coalbased heat sale 0.0

Table22 Coal consumption and codlased energy production per 1000 of population $outhWest Oltena
region according tepecificsource[39.][3.], 2017.

Energy characteristics of the counties of tR&/SDltenia Regiors described below.

The strong points in the industrial production of the Regibidd K& RNR L2 6 SNJ 6 aSKSRAY

Olt, Gorj) and thermoenergy (Gorj, Dolj); where the Region is the national leader (hydroelectric
power 60.3%, thermoelectricity 39.6%).

1 Dolj County The main natural resources of the county are the oil and gas resene#sa,S
t ASESOGAT / 202FSY A0 O pOVrPNAERIIBDOMW istdllelt pSvier { |
at SE Isalnita and SE Craiova).

1 Gorj County Gog Thecountyisrich in diverse natural resources, some of them exploited
and used by the industries, otheegpecting opportunities for use. The main resources are:

- [A3YyAGS SELX 2AGSR GKNRAzZAK dzy RSNANR dzy R 2 NJ & dz

Gorj County, lignite deposits are-A80 m deep. Reserves are estimated at over 1
billion tons that can be expited for a further 40 years under exploitation at maximum
yields of existing mines.

- hAft Aada SEGNIOGSR Ay %AOtSyAxr . dzaldzOKAY
expected that the reserves will last for another-80 years.

- Natural gas ign association with oil. Major resources are found at Bustuchin, Stoina
and Turburea. Gorj county has about 35% of Romania's natural gas reserves, but there
are no processing units. As a result of its reserves, in Gorj County the extractive
industry occupes a leading position, its main component being the extraction of non
coking coat lignite in two big basins, Motru and Rovinari. Lignite extraction has and
continues to have a major impact on the entire economy of the county. The main
problem is the deaase of Romania's electricity consumption and the orientation
towards other forms of its generation (water, nuclear energy, renewable resources). In
response to this, a number of measures have already been taken to reduce costs by
limiting the activity tounderground mines.

- The National Company of the Oltenia LigniteJitgsupplies lignite to the large thermal

L2 6SN) addAz2ya FTNBY LOFEYAGES / NIA20F LLZ w

population. Confirmed industrial reserves are 2.2 billion tons of ligmtatéd in the

D2NBs +NfOSI IyR aSKSRAyDA O2dzyirSaod ¢KS SE

16001900 kcal / kg, its use being for the production of electric and thermal energy by
burning in the industrial and household facilities of the populati@orj county

occupies the first place in the country in the production of lignite through the two
carboniferous basins, Rovinari and Motru.
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- The National PetroleumTgJiu Branch, accounts for about 35% of the gas production
and 8% of the country's oil.

- Conplexul Energetic Rovinari S.A, S.C. Complexul Energetic Turceni S.A are the most
important units producing electricity in the country. Changing the national energy
strategy to reduce the amount of electricity generated by thermal power stations at
higher osts than other forms of production (hydro, nuclear, renewable) will cause a
fall not only for the three big economic players directly involved but also for the of a
large number of companies that depend on their existence.

1 Olt County- Slatina HydropoweBranch, one of the 12 branches of the Hydroelectric
Company, puts in the potential of OIt, has 8 hydroelectlanfs, totaling an installed
capacity of 379 MW and an average energy output of 890 GWh / year. The first three
KERNRLIR2GSNI LI FyiGa o{(iNBa2SoldAzZ ! NOSOGA |yR {fl
Branch are located on the middle course of the OlieRiand the next five hydroelectric
LI I yiad oLLRGSOGAZT S5NNINYSOGAZT CNYzyl I NHzZZ wdza Ny
River.

1 Mehedinti County Hidroelectrica SA The Iron Gates Substation Brari@robeta Turnu
Severin, produces the largest paot the electricity in hydropower plants, through the
largest hydroelectric plants in Romania Portile de Fier I, with an installed capacity of 1080
MW and Iron Gates Il, with the installed power of 250 MW. Both hydroelectric plants are
operated in partnerkip with the Romanian and Serbian power plants at Portile de Fier | and
they generate 2160 MW, and those from the Iron Gates 1l 500 MW

1 Valcea CountyThe county has reserves of oil, natural gas, coal, which together with the
huge hydropower potential creatl the possibility of developing the energy industry. In
addition to the Govora Thermal Power Plant, which has an industrial capacity of 307 MW,
the Lotru- Ciunget Hydroelectric Plant with 510 MW industrial power, two hydropower
plants on the Lotru RiveBradisor (115 MW), Malaia (18 MW) and other 11 hydropower
plants on the Olt River with a capacity of 489V, with a production greater than 2700
GWhlyear.
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4.1.8 Sloveniag Savinjskaregion

Slovenia is divided into two NUTS 2 regions, Vzhodna and Zahodeaif@lend then divided

further into twelve NUTS 3 regions. Savinjska is one of the eight NUTS 3 regions of Vzhodna
{t20SyAct® LG KIFIa om YdzyAOALIEAGASE YR mMw: 27
I NE / St 2SSz +St Sy 2§ Savigjska regiorf iSsBotveddnkh® imbge Below. A 2 y 2

4 -

Figure29 Location of the Savinjska region on the m§25.]

The proportion between the population in the Yugoiztochen region and the total population i

the country should be calculated according to the formula:
I QOQ € N 0 & CESRQEQ0E & uip T T
VENOAOMBEETN 6 6 CIRE D £ 0 LYY W U

P& P

This population factor was developed in ordestale down the national values to the regional
level in case the local data are unavailable.

The only operating coal mine in Slovenia, Premogovnik Velenje (Velenje lignite mine), is situated

in Velenje and at the biggest operating ciesdd power plant m the country, Termoelektrarna
~200tyes Ay ~20i0lyex 020K LI NI 2F GKS {lI @Aayeail
YySIENI @& 2yS GKANR 2F 0O2dzyiNRQa St SOGNROAGE 3ISYyS
RAAGNAOG KSI @dinaRalley.\SloveraSs retative\ssthalllcountry and both within

the context of the Savinjska region and the country as a whole, the lignite importance for a

currenty welto I £  yOSR SySNH& YAE F2NJ (6KS &aSOdzNniGe 27
thermal power plant as one of the largest source of electricity production are the biggest factors

to consider in terms of wider impacts caused by a future phase out of coal. For these reasons
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the report and the SWOT analysis will focus on NUTS 3 Saviejséa and in some chapters
on the country as a whole as well.

Velenje coal mine is with an over H6ar tradition in lignite mining firmly rooted in the
{t20SyAly SySNHe SO2y2YAO0ad !'G (2RIFI&Qa YAyAy3d 2
lignite for another four decades of the coal mine operation, however, mining sites will close

before lignite reserves are exhausted due to changes in the energy industry and the envisaged

changes in the operation of the thermal power plant. In 2017, Velenjé&dignine produced

3.35 million tonnes of lignite and had 1.255 employees. All of Velenje mine lignite output is used

Fd GKS ~200GFye GKSNXYIFf LR26SNI LX LYyl o6dodor 2F f
for heating generation).

Thenewestaddit 2y (G2 GKS ~20Glye2 GKSNXIf LIR2gSNILIXIYd o
highly efficient (43%) BAT 600 MW unit with the intent to replace existing old, outdated and

inefficient units and deliver CO2 emission reductions of 35%. Unit 6 which staréedtimg in

the spring 2015 is designed to be operational until 2054.

¢9~ Aa GKS 0A33Said GKSNX¥IT LRSNILIIYyHG Ay {f20¢

- Unit 5, installed power: 345 MW, start year of operation: 1978 (shut down in 2015,
revitalized in2018)

- Unit 6, installed power: 600 MW, start year of operation: 2015
- Gasunit 1, installed power: 42 MW, start year of operation: 2008
- Gas unit 2, installed power: 42 MW, start year of operation: 2008

The energy demand including heat supply, elecyripitoduction and cooling demand for the
entire country and the Savinjska region in 2016 is presented on the following graph.
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Heat demand Cooling demand Electricity demand
(GWh/annum) (GWh/annum) (GWh/annum)

B General data (Slovenia) M General data (Savinjska)

Figure30 Annual energy demand in Slovenia and Savinjska region indicated by general sfifcE.]
(GWh/annum), 2016.

There is no information about heat and cooling needs according to the local source, therefore
the general source was used for a determination of head aooling demand of the region.
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Electricity production for the Savinjska region was acquired by was downsizing national data to
the regional level.

The next table presents the overall consumption figures for the coal in Slovenia and Savinjska
region. Gengeal data was in this case very consistent with the local data, therefore the figures
used in the table below derive from general source. Considering the fact that the whole amount
of coal is being extracted in the Savinjska region, the coal productidreiregion is equal to

the production in the country. Around 0.2 Mtoe of coal that was imported was primarily used at
heat and power plant Termoelektrarna Toplarna Ljubljanal{®E) in Ljubljana for the purposes

of heat generation for the district heatingystem in Ljubljana in highly efficient cogeneration
together with electricity.

Coal source (GWh/annum Slovenia Savinjska

Coal production 10,467 10,467
Coal export 0 0
Coal import 2,326 0
Coal stock 0 0

Total coal consumption 12,793 10,467

Table23 Annual coal consumption with the breakdown of coal source for Slovenia and Savinjska region
according to general sourcgd.] and specific information (GWh/annum), 2016.

Coal consmnption figures indicate the cumulative usage of all types of solid fuels which include
hard coal and brown coal/lignite.

Nearly 30% of electricity in Slovenia is generated using lignite from Savinjska region. There was

no available data for the Savinjslegion, however, taking into account contribution of the coal

02 GKS O2dzyiNEQA G20Fft St SOGNROAGE 3ISYSNIGAZY
electricity generation in the region, it can be concluded that the electricity generation in the

region is in a great share based on coal production. According to the general information on heat
demand in the region and local data on cbaked heat sale, circa 20% of heat is produced in

the coal combustion.

100% 100%
S0% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%

0% 0%
Slovenia Savinjska
B Coal-based electricity generation Coal-based heat sale Total energy generation

Figure31 Proportion of energy generated using coal fuel in Slovenia and Savinjska region according to general
source[2.], [3.] and specific informatior{43.] (%), 2016.

The exact annual energy production output is collated in the table below.
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Coalfueled energy production (GWh/annum Slovenia Savinjska

Coalbased electricity generation 5,000 4,600
Total electricity generation 16,500 @ 4,600
Coaitbased heat sale 1,417 350

Total heat sale 15,733 1,808

Table24 Total and coabased production of heat and electricity iBlovenia andSavinjskaregion according to
general sourcg3.] and specific informatiori42.], (GWh/annum),2016.

The most important parameters have been converted to the pegyormanceindicators (KPIs)
which indicate the energy share per one thousand of theybaion in Savinjska region.

Key Performance Indicators (GWh/1000 of populatio General data Specific data

Total coal consumption 41
Coalbased electricity generation 18.1
Coalbased heat sale 1.4

Table25 Coal consumptin and coalbased energy production per 1000 of population in Savinjska region
according to general sourd®.] and specific informatior{42.], 2016.
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4.1.9 Spaing Extremadur region

Figure32 Location of the Extremadura region on the mgp5.]

The proportion between the population in tHextremaduraegion and the total population in
the country should be calculated accard to the formula:

. 0 € N 6 CESNOE0E pim xfx ¢ v

ENOADOMOEE——————mr o T 5
ven VENOACRIIREDEOT @ clpg T

¢ ¢ b

This population factor was developed in order to scale down the national values to the regional
level in cae the local data are unavailablhe energy demand including heat supply, electricity
production and cooling demand for the entire region in 2016 is presented on the following
graph.
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Figure33 Annual energy demand in Extremada region indicated by general sourd2.], [3.] (GWh/annum),
2016.

There is no specific data for the region, that have been reported. The data from the national
level have been collected, standardizeding the population factor and reported in the

following section.

Although, the following figures demonstrate a coal activity in the region, this is only a result
of the extrapolation of national figures to the regional level using the population factback
of the specific data sources, however, can mislead the actual picture for Extremadura, which

is entirely free of any coaintensive industry.

The annual coal consumptias collated in the table below.

Coal source (GWh/annum

Coal production 320
Coal export 130
Coal import 2,870

Total coal consumption 3,520

Table26 Annual coal consumption with the breakdown of coal source Extremadura region accondimgneral
source[3.] (GWh/annum), 206.

The next graph shows the proportion of céiaéd electricity production (blue column) and ceal
fired heat production (yellow column) in total energy demand.
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Figure34 Proportion of energy generated using coal fuel in Extredo@a region accordingo general source
[3.][2.], (%),2016.

Energy production using coal fuslcollated in the table below.

Coalfueled energy production (GWh/annum

Coalbased electricity generain 1,200
Total electricity generation 4,800
Coalbased heat sale 0

Total heat sale 3,300

Table27 Total and coabased production of heat and electricity in Extremadura region accordimgeneral
source[3.][2.], (GWh/annum),2016.

Coal consumption and cebhsed energy production per 1000 of population is presented in the
following table.

Key Performance Indicators (GWh/1000 of populatio

Total coal consumption 3.3
Coalbased electricity generation 11
Coalbased heat sale 0.0

Table28 Coal consumption and coddased energy production per 1000 of population in Extremadura region
accordingto general sourcd3.], 2016.
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4.2 Energy sources for alternative energy production

421 Bulgariag Yugoiztocherregion

Current RES consumption

1 Heat supply

The only RES source for heat production in the region origins from the biomass.

Solar Hydro
0% 0%
Tide, Wave and Geothoermal
Ocean 0%
0% Wastes non-RES
0%
Wind Biomass and
0% Renewable
Wastes
100%
= Hydro Wind
Biomass and Renewable Wastes Solar
m Geothermal Tide, Wave and Ocean

| \Wastes non-RES

Figure35 Heat productian using renewable energy sources in Yugoiztochen region according to general source
[3.], (%) 20186,

The heat production from RES technologies have been converted to th@dieymance
indicators (KPIs) which indicate the engrghare per one thousand of the population in the
region. These are presented in the table below.

Heat supply using RES
GWh GWh/1000 of population

Hydro 0 0.0
Wind 0 0.0
Bi dR ble Wast
iomass and Renewable Was 20 0.02

Solar 0 0.0
Geothermal 0 0.0
Tide, Wave and Ocean 0 0.0
Wastes norFRES 0 0.0
Total RES heat 20 0.0
Total heat demand 3,700 3.5

Table29 Heat production using RES and its proportion per 1000 of population compared to total heat demand in
the Yugoiztochen rgion (GWh) according to general sourf®] (GWh/annum), 2016.
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9 Electricity supply

The RES fuel mix in the electricity generation process indicates that the hydro power
outnumbers the other energy sources. Over 60% of total dl@ttrproduction comes from
hydro power and is supplemented by even energy contribution solar PV, wind and biomass.

Solar || Geothermal Tide, Wave and

Biomassand | 15% 0% 5
Renewable = ;z;an
Wastes ?
3% Wastes non-RES
0%
Wind )
16%
Hydro
66%
= Hydro = Wind
= Biomass and Renewable Wastes Solar
m Geothermal ® Tide, Wave and Ocean

m \Wastes non-RES

Figure36 Electricity production using renewable energy sources the Yugoiztochen region (GWh) accéoding
general source[3.] (GWh/annum),2016.

The electricity production from RES technologies have been converted to theeKeymance
indicators (KPIs) which indicate the energy share per one thousand of the populatio& in
region These are presented in the table below.

Electricity production using RES
GWh GWh/1000 of population

Hydro 250 0.2
Wind 61 0.1
Biomass and Renewable Wast 12 0.0
Solar 57 0.1
Geothermal 0 0.0
Tide, Wave and Ocean 0 0.0
Wastes norRES 0 0.0
Total RES electricity 380 0.4
Total electricity demand 6,200 5.9

Table30 Electricity production using RES and its proportion per 1000 of population compared to total heat
demand in theYugoiztocherregion (GWh) accordintp general sourcd3.] (GWh/annum), 2016.

Overview of total RES potential
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i Biomass, waste, solar energy

The next graph shows the possible heat contribution to the total heat demand using all available
RES sources. This includesantass, waste and solar energy sources.

Please se& Glossary for the definitions of the presented energy sources.

100%
80%
60%
40%
20%
» -

Agricultural Forestresidues Biofuel and Livestock  Municipal solid Restricted solar
residues energy crops effluents waste thermal
(manure)

Total heat demand

Figure37 Heat production potential from renewable energy sources in partion to the total heat demand in
Yugoiztochen region according to general souf2q (%), 2016.
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4.2.2 Denmarkg Nordjylland region
This sectiorsummarizes the current contribution of RES in energy generationrnmegdtigates

the total potential of utilizing renewable energy sourceshich couldoffset coalfired energy
production.

Current RES consumption

1 Heat supply

According to the fuel consumption statistics2016 majority of heat production in Nordjylland
origins from biomas and renewable waste. The second most popular is geothermal energy.

The local figures of 60% biomasased heat and 35RESheat contribution from geothermal
energy slightly diverged from the values demonstrated in the general source.

Wind
Tide, Wave and Solar 0%

Ocean 2%
0% Hydro
0%
Geothermal

0%

= Hydro = Wind

= Biomass and Renewable Wastes Solar

® Geothermal m Tide, Wave and Ocean

m \Wastes non-RES

Tide, Wave and
Ocean
0%

Geothermal
1%

4

Solar

2%
= Hydro = Wind
= Biomass and Renewable Wastes Solar

® Geothermal m Tide, Wave and Ocean
= \Wastes non-RES

Figure38 Heat production using renewable energy sources in Nordjylland region according to general sflifce
(top chart)and specific informatiorj4.] (bottom chart), (%) 2016.
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The annuathermal energy volumes by the renewable energy source compared with total heat
demand are gather in the following table. Heat production from biomass and renewable sources
is nearly 1/3 higher thait was derived using national figures. Similarly, solaattsupply is
reality is twice as much while heat production from waste is more than 4 times higher.

Overall, almost half of total heat demand is supplied from the biomass and renewable waste
fired plants. The second highest heat contributor (30% of thtdt needs in the region) is
energy from waste.

The heat production from RES technologies have been converted to th@dieyrmance
indicators (KPIs) which indicate the energy share per one thousand of the population in
Nordjylland. These are presentedtire table below.

Heat supply using RES

General data Specific data
GWh GWh/1000 of GWh GWh/1000 of
population population
Hydro 0 0.0 0 0.0
Wind 0 0.0 0 0.0
Biomass and Renewable 1,890 3.2 2,840 4.8
Wastes
Solar 40 0.1 90 0.2
Geothermal 5 0.0 30 0.1
Tide, Wave and Ocean | 0O 0.0 0 0.0
Wastes norRES 360 0.6 1,680 2.9
Total RES heat 2,290 3.9 4,640 7.9
Total heat demand 5,880 10.0 5,970 10.2

Table31 Heat production using RE&hd its proportion per 1000 of popaltion compared to total heat demand in
the Nordjylland region (GWh) according to general souf8dg and specific informatior{4.] (GWh/annum), 2016.

1 Electricity supply

The RES fuel mix in the eledtsiggeneration process indicatéisat the wind power outnumbes
the other energysources.Nearly 90% of total electricity production comes from wind power
and is supplemented by energy from waste, solar PV and biomass. These prapslitjbtly
diverge wlen compared with thenational figures.
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Figure39 Electricity production using renewable energy sources in Nordjylland region according to general source

[3.] (top chart) and specific informatiofd.] (bottom chart) 2016 (%).

In total energy balance, almost half of electricity consumption in the region is covered by the
wind farms.The electricity production from RES technologies have been converted to the key
performance indicators (KPIs) which indicate the energy share per one thousand of the
population in Nordjylland. These are presented in the table below.

Electricity production using RES
General data
GWh GWh/1000 of

population
Hydro 0 0.0
Wind 1,310 2.2

Biomass and Renewable 500 0.9
Wastes

Solar 80 0.1
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Geothermal 0 0.0 0 0.0
Tide, Wave and Ocean 0 0.0 0 0.0
Wastes norRES 70 0.1 160 0.3
Total RES8lectricity 1,960 3.3 2,340 4.0
Totalelectricitydemand @ 3,120 5.3 4,260 7.3

Table32 Electricityproduction using RE&nd its proportion per 1000 of populatiomompared to totalelectricity
demand in the Nordjylland region according to general souf8d and specific informatio4.] (GWh/annum),
2016.

Overviewof total RES$otential

Based on the available resources in the Nordjylland region, there is still a plenty of potential for
RES energy generation.

i Biomass, waste, solar energy

The next graph shows the possible heat contribution to the total heat demand alsagilable
RESourcesThis includes a biomass, waste and solar energy sources.

The figures in the adjacent columns are sourced from wffe data sources, the national
statistics and the local informatiofPlease se@ Glossary for the definitions of the presented
energy sources.
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Figure40 Heat production potential from renewable eneggsources in proportion to the total heat demand in
Nordjylland regionaccording to general sourc.] and specific informatior{4.] (%), 2016.

1 Geothermal energy

The potential of shallow geothermal ergyis identifiedat averagel.04W/mK. Thighermal
conductivity of the groungdbased on thescale <0.7; 1.8V/mK>and compared to alEuropean
locations indicates a good ability of the soil to transfer hdat] This, however, only refer to the
undersurface layers. Thteermal conditions of the deep ground in the Nordjylland region, are
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rather ordinary. There araeither areas with the heaflow density (HFD) above ®\W/m? nor
high temperature distribution¥50°C) below 1000n. The southern parts of the region have,
however, potential underground reservoirs (area marked in green in the following map).

GeoDH MBFSZ Maps

Signaturforklaring

| + | [ nordjyliand x[i] .‘M.

geo_dh

Cities with geotermal district heating

Cities with district heating |

Other poter
O

Other potential reservoirs fl

Hot sedimentary aquifer

Heat-flow density; HFD>90mW/m2
Temperature distribution at 1000m; T>50°C

Temperature distribution at 2000 m; T>90°C

Figure41 Geothermal energyotential in Nordjylland region[11.]
1 Excess heat

Theother alternative for coabased energy is aneixcess hat. Thiscan be extractedrom the
industrial sites that are already in operation&g.wastecombustion plantsyater treatment
plantsand power plants. The estimatgubtential of heat production using different excess heat
source is presented on the graph below.

100%
90%
80%
70%
60%
50%
40%
30%

o .
10%
o N e

Waste-to-Energy Power plant Industrial heat Metro stations Waste water
excess heat excess heat excess excess heat treatment plants

Total heat demand m General data

Figure42 Excess heat potential in Nordjylland regiofi2.]
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1 Wind power

Wind parameters in the regionra listed in the table below.

Wind potential at 50 meters

Average wind speed 6 m/s
Maximum wind speed 14 ml/s
Minimum wind speed 4 mls

Table33Wind power potential in Nordjylland region[2.], (m/s).

The wind power has the largest potential in the western parts of the land and along the coastline.
The mean power density for 10% of windiest area in Nordjylland i$\BA@. The typical wind

energy density as can be concluded from the map below, isnar@30W/m? on the land and
circa 700W/m? for the offshore installation$5.]

GLOBAL WIND ATLAS

GLOBAL SOLAR ATLAS | ENERGYDATA.INFO

Nordjylland

P

Wind Power Density @
Wind Energy Layers

1 Explanatory Layers
Wind Measurement Stations

Figure Wind potential in Nordjylland regiofs.], (W/m?2).
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4.2.3 GermanyclLausitzSpreewald region
This section summarizeke current contribution of RES in energy generation and investigates

the total potential of utilizing renewable energy sources which could offsetfaeal energy
production.

Current RES consumption

1 Heat supply

According to the fuel consumption statigien 2016, majority of heat production in Lausitz
Spreewald origins from biomass and renewable waste reaching almost 80% contribution. In the
second place almost equally popular (between 5% and 8%) are solar thermal, geothermal energy
and nonrenewable wate.

Tide. Wave and Wastes non-RES;
Ocean; 0% 7% Wind; 0; 0%
Geothermal; 8%
Solar; 5% Hydro; 0%

Biomass and
Renewable
Wastes ; 80%

= Hydro Wind
Biomass and Renewable Wastes Solar
® Geothermal m Tide, Wave and Ocean

m \Wastes non-RES

Figure43 Heat production using renewable energy sources in LauSifzeewald region according to specific
information 250[16.], (%) 2015/2016.

The annual thermal engy volumes by the renewable energy source compared with total heat
demand are gathered in the following table.

Overall, almost 1/5 of total heat demand is supplied renewable energy resources.
The heat production from RES technologies have been conveatdtiet key performance

indicators (KPIs) which indicate the energy share per one thousand of the population in-Lausitz
Spreewald. These are presented in the table below.
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Heat supply using RES
GWh GWh/1000 of population

Hydro 0 0.0
Wind 0 0.0
Biomass and Renewable Wast 860 @ 1.5

Solar 50 0.1
Geothermal 80 0.1
Tide, Wave and Ocean 0 0.0
Wastes norRES 80 0.1
Total RES heat 1,070 1.8
Total heat demand 5,500 9.4

Table34 Heat production using RES and its paytion per 1000 of population compared to total heat demand in
the LausitzSpreewald region (GWh) according specific information[16.], (GWh/annum), 2015/2016.

9 Electricity supply

The RES fuel mix in the electricity generapoocess indicates that the wind power outhumbers
the other energy sources. Over 60% of total electricity production comes from wind power and
is supplemented by even energy contribution solar PV and biomass.

Wastes non-RES;
0% : Hydro; 0%
—

Tide, Wave and
Ocean; 0%; Solar; 19%

Geothermal; 0%;

Biomass and
Renewable

Wastes; 19% Wind; 61%

= Hydro = Wind
= Biomass and Renewable Wastes Solar
m Geothermal ® Tide, Wave and Ocean

m \Wastes non-RES

Figure44 Electridty production using renewable energy sources the Lausfareewald region (GWh) accorditg
specific information[16.], (GWh/annum), 2015/2016.

In total energy balance, almost nearly 1/3 of electricity consumption in th@negicovered by
the renewables.
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The electricity production from RES technologies have been converted to thpekeymance
indicators (KPIs) which indicate the energy share per one thousand of the population in-Lausitz
Spreewald. These are presentedtlie table below.

Electricity production using RES
GWh GWh/1000 of population

Hydro 1 0.0
Wind 680 1.2
Biomass and Renewable Wast 210 0.4

Solar 220 04
Geothermal 0 0.0
Tide, Wave and Ocean 0 0.0
Wastes norRES 0 0.0
Total RES electity 1,110 1.9
Total electricity demand 4,200 7.2

Table35 Electricity production using RES and its proportion per 1000 of population compared to total heat
demand in the LausitSpreewald region (GWh) according specific infortioa [16.], (GWh/annum), 2015/2016.

Overview of total RES potential

Based on the available resources in the LatSjimewald region, there is still a significant
potential for RES energy generation.

i Biomass, waste, solar energy

The next graph shows the possible heat contribution to the total heat demand using all available
RES sources. This includes a biomass, waste and solar energy sources.

The figures in the adjacent columns are sourced from different data sources, the nationa
statistics and the local information. Please f€lossary for the definitions of the presented
energy sources.
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Figure45 Heat production potential from renewable energy sources in proportion to ttaal heat demand in
LausitzSpreewald region according to general soul@e] (%), 2016.

1 Geothermal energy

The potential of shallow geothermal energy is identified at averag@/AfBK. This thermal
conductivity of the groundgompared to all European locations, indicates a good ability of the
soil to transfer heat[2.] This, however, only refer to the undersurface layers.

The thermal conditions of the deep ground in most of the Ltat&preewald region, are rather
ordinary. There are neither areas with the hdlw density (HFD) above 98W/m? nor high
temperature distribution (>58C) below 100@n. Only the northern parts of the region (DE406
DahmeSpreewald) demonstrate to haverse underground heat sources above®60at depth
below 1000m and even 9fC at depth below 20061. (area marked in red and blue in the
following map).

The region has also a high potential of underground reservoirs (area marked in green in the
following map)
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Figure46 Geothermal energy potential in Lausi3preewald regiorj11.].
1 Excess heat

The other alternative for codlased energy is an excess heat. This can be extracted from the
industrial sites tht are already in operation as e.g. waste combustion plants, water treatment
plants and power plants. The estimated potential of heat production using different excess heat
source is presented on the graph below.

100%
80%
60%
40%
20%

0%

Waste-to-Energy Power plant Industrial heat Metro stations Waste water
excess heat excess heat excess excess heat treatment plants

m Total heat demand M Excess heat source

Figure47 Exces$eat potential in LausitzSpreewald regiorf12.].

The highest excess heat source that in theory could cover the total heat demand of the state is
generated in the codired power plants. The phasing out of coal strategy assushesting
down the existing coal facilities which indicate this excess heat would no longer be in place.
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However, the potential replacement of the cedakled plants with alternative technologies
could reinstate the opportunity of utilizing waste heat flistrict heating supply.

1 Wind power

Wind parameters in the region are listed in the table below.

Wind potential at 50 meters

Average wind speed 3 mis
Maximum wind speed 5 m/s
Minimum wind speed 2 mis

Table36 Wind power potential in LausitzSpreewald regiori2.], (m/s).

The wind power has the largest potential in the southern and central parts of the state. The
mean power density for 10% of windiest area in the entire Brandenburg region /888 The
typical wind energy density in the Laus8preewald as can be concluded from the map below,
is around 200//m? which is peaking up to 308/m?in the windiest sections of theregidb.]

GLOBAL WIND ATLAS

GLOBAL SOLAR ATLAS | ENERGYDATA.INFO

E
850

BUBIUSHIIE]

BRANIBEINIBIYRG,

Figure Wind potential in Lausit8preewald region5.], (W/m2).
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4.2.4 Greeceg Western Macedonia region

This section summarizes the current contribution of RES in energy generation and investigates
the total potential of utilizing renewable energy sources which a&etnas alternative solutions
to the lignite energy production.

Current RES consumption

1 Heat supply

According to the fuel consumption statistics in 2016, renewable sources are not involved in the
heat sold category of Western Macedonia, which presentstme profile as the total country.

According to EUROSTAT, the share of renewable energy in gross final energy consumption by
the heating and cooling sector in Greece was 15.08% during 2016 (Code: sdg[317]. 40)e

to unavaildility of specific data published in regional basis, the national average was used in
order to estimate a value of 292 GWh produced by biomass and solar in Western Macedonia.

Solar Hydro
0% 0%
Tide, Wave and Geoth:ermal
Ocean 0%
0% Wastes non-RES
0%
Wind Biomass and
0% Renewable
Wastes
100%
Hydro Wind
Biomass and Renewable Wastes Solar
m Geothermal Tide, Wave and Ocean

| \Wastes non-RES

Figure48 Heat production using renewable energy so@sin Western Macedonia region according to general
source[31.][3.], (%), 2016.

The heat production from RES technologies have been converted to th@diyrmance
indicators (KPIs) which indicate tlemergy share per one thousand of the population in the
region. These are presented in the table below.

Heat supply using RES
GWh GWh/1000 of population
Hydro 0 0.0
Wind 0 0.0
Biomass and Renewable Wast 290 1.1

Solar 0 0.0
Geothermal 0.0
Tide, Wave and Ocean 0 0.0

o
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Wastes norfRES 0 0.0
Total RES heat 290 1.1
Total heat demand 1,950 7.2

Table37 Heat production using RES and its proportion per 1000 of population compared to total heat demand in
the Western Macedoniaregion (GWh) according to general sourf3.][3.], (GWh/annum), 2016.

9 Electricity supply

The RES fuel mix in the electricity generation process is relevant to the Greek interconnected
system sipplying electricity the mainland of the country. These values are slightly diverge
compared with the national figures, where also non interconnected system is taken into
account. A significant deviation deals with hydro where in specific data only RE&Srhgdning

small scale hydro plants have been taken into account.

Geothermal
0%

Solar
26% \

Tide, Wave and
Ocean
0%

Wastes non-RES
1%

Biomass and
Renewable / Hydro
Wastes 37%
2%
Wind

= Hydro 34% = Wind
= Biomass and Renewable Wastes Solar
m Geothermal ® Tide, Wave and Ocean

m \Wastes non-RES

Geothermal Tide, Wave and
N0

Ocean

Wastes non-RES 0%

0%

Solar Hydro
42% 8%
Biomass and
Renewable Wind
Wastes 47%
3%
= Hydro = Wind
= Biomass and Renewable Wastes Solar
m Geothermal ® Tide, Wave and Ocean

m \Wastes non-RES

Figure49 Electricity production using renewable energy sources in Western Macedonia region according to
general sourcd3.] (top chart) and specificnformation [26.],[33.] (bottom chart) (%), 2016.

Western Macedonia, having equal energy supply profile with the national grid covers almost
20% of the electricity comsnption by RES as depicted in the following table.

Side66 af 252



PlanEnergi

Electricity production using RES

General data Specific data
GWh GWh/1000 of GWh GWh/1000 of
population population
Hydro 140 0.5 19 0.1
Wind 130 0.5 109 0.4
Biomass and Renewable 10 0.0 7 0.0
Wastes
Solar 100 04 97 0.4
Geothermal 0 0.0 0 0.0
Tide, Wave and Ocean 0 0.0 0 0.0
Wastes norRES 10 0.0 0 0.0
Total RES electricity 380 14 265 1.0
Total electricity demand 1,305 4.8 933 34

Table38 Electricity production using RES and its proportion per 1000 of population compared to total electricity
demand in the Western Macedonia region according to general solckand specific informatior[26.],[33.]
(GWh/annum), 2016.

Overview of total RES potential

Based on the available resources in the Western Macedonia region, there is still a plenty of
potential for RES energy generation.

1 Biomass, waste, solar energy

The next graph shows the possible heat contribution to the total heat demand using all available
RES sources. This includes a biomass, waste and solar energy sources. The figures in the adjacent
columns are sourced from differendiata sources, the national statistics and the local
information.
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Figure50 Heat production potential from renewable energy sources in proportion to the total heat demand in
Western Macedonia region according to general souf2dg and specific informatior{4.] (%), 2016.
1 Geothermal energy
Although geothermal potential are not identified in the general data for the region, it is
estimated thata solution involving geothermal heat pumps can bring a magnitude of 202 GWh
or 10.4 of heat demand in Western Macedonia thermal needs [14].

1 Excess heat

A very limited potential of excess heat utilization in the region of Western Macedonia is
presented lased only on waste water treatment plants according to the available data.
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Figure51 Excess heat potential in Western Macedonia regj¢h2.].
1 Wind power

Wind parameters in the regioare listed in the table below.

Wind potential at 50 meters

Average wind speed 245 m/s
Maximum wind speed 11.52 m/s
Minimum wind speed 0.31 m/s

Table39 Wind power potential in Western Macedonia regiof2.], (m/s).

The wind power potentialk rather limited in comparison with other regions in Greece, having
also a narrow frame of application in appropriate locatif®$.

GLOBAL WIND ATLAS  search Locations Home About~ Download Contact Help?
clossounAnas | pexoaanes.  —ooocatons Q.

Figure52 Wind potential in Western Macedonia regiqi5.], (W/m?2).

Side69af 252



F’IanEnergi'

4.2.5 Hungaryc EszakAlféld region

Current RES consumption

1 Heat supply

ThekeyRES source for heat production in the region origins frlioenbiomass.

Tide, Wave and H;iro
Ocean "'" 2
o Geothermal
0%
6%
Solar
0% Wastes non-RES
2%
Wind
0%
Biomass and
Renewable
Wastes
92%
= Hydro Wind
Biomass and Renewable Wastes Solar
m Geothermal = Tide, Wave and Ocean

| \Wastes non-RES

Figure53 Heat production using renewable energy sourcesfinzakAlfold region according to general sourd8.],
(%), 20186,

The heat production from RES technologies have been convertdtetdkey performance
indicators (KPIs) which indicate the energy share per one thousand of the population in the
region. These are presented in the table below.

Heat supply using RES
GWh GWh/1000 of population

Hydro 0 0.0
Wind 0 0.0
Biomass and éhewable Wastes 240 0.2

Solar 0 0.0
Geothermal 10 0.0
Tide, Wave and Ocean 0 0.0
Wastes norRES 10 0.0
Total RES heat 260 0.2
Total heat demand 9,200 6.3

Table40Heat production using RES and its proportion per 1@@opulation compared to total heat demand in
the EszakAlféld region (GWh) according to general sourf@&] (GWh/annum), 2016.
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9 Electricity supply

The RES fuel mix in the electricity generation process indicates that the Ipmiver
outnumbers the other energy sources. Over 60% of total electricity production comes from
hydro power and is supplemented by even energy contribution solar PV, wind and biomass.

Geothermal Hydro Wastes non-RES
0% LS 6%
Wind
Solar 22%

6%

Tide, Wave and
Ocean

i 0%
Biomass and °

Renewable
Wastes
66%
= Hydro Wind
Biomass and Renewable Wastes Solar
m Geothermal Tide, Wave and Ocean

m \Wastes non-RES

Figure54 Electricity production using rengable energy sources thEszakAlféld region (GWh) according to
general sourcd3.] (GWh/annum), 2016.

The electricity production from RES technologies have been converted to thpekeymance
indicators (KPIs) which indicatke energy share per one thousand of the population in the
region. These are presented in the table below.

Electricity production using RES
GWh GWh/1000 of population

Hydro 250 2.4
Wind 61 0.6
Biomass and Renewable Wast

12 0.1
Solar 57 0.5
Geothermal 0 0.0
Tide, Wave and Ocean 0 0.0
Wastes norRES 0 0.0
Total RES electricity 380 3.6
Total electricity demand 6,200 6.6

Table41 Electricity production using RES and its proportion per 1000 of population coragao total heat
demand in theEszakAlféld region (GWh) according to general sourf&] (GWh/annum), 2016.

Overview of total RES potential
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i Biomass, waste, solar energy

The next graph shows the possible heat contribution totttel heat demand using all available
RES sources. This includes a biomass, waste and solar energy sources.

Please se@ Glossary for the definitions of the presented energy sources.
100%
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20%

0% e
Agricultural Forestresidues Biofuel and Livestock  Municipal solid Restricted solar
residues energy crops effluents waste thermal
(manure)
Total heat demand B General data

Figure55 Heat production potential from renewable energy sources in proportion to the total heat demand in
EszakAlféld region according to general sourdg.] (%), 2016.

1 Excess heat

The other alternative for coddlased energy iand excess heat. This can be extracted from the
industrial sites that are already in operation as e.g. waste combustion plants, water treatment
plants and power plants. The estimated potential of heat production using different excess heat
source is preseted on the graph below.

100%
80%
60%
40%
20%
0% — I [
Waste-to-Energy Power plant Industrial heat Metro stations Waste water
excess heat excess heat excess excess heat treatment plants
Total heat demand H General data
Figure56 Excess heat potential in Esza#féld region.[12.]
1 Wind power
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Wind parameters in the region are listed in the table below.

Wind potential at 50 meters

Average wid speed 2.68 m/s
Maximum wind speed 13.74 m/s
Minimum wind speed 1.21 m/s

Table42 Wind power potential inEszakAlféld region.[2.], (m/s).

The typical wind energy density as can be concluded fronmthe below, is around 178/m?
on the land and there is no access to the sea for the offshore installdgdns.
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4.2.6 Poland¢ Lodzkie region

The resources of alternative energy in Lodzkie region are mainly facilitated by cliomatitans

and geothermal water deposits. Due to the location of the region, in the very center of the

country, the climate is mild and sunny, especially the central and eastern parts of the
voivodeship- the districts the city of Lodz and the eastern Lodhe development of
LIK2G2@2f GFA0a Aa SallSOArfte LINBaSyd FyR | OGABS
Sttt & hLROI eza1 Ao

In 2016, 86 municipalities had solar and photovoltaic installations located in public utility
buildings, which were usedxclusively for heating and electricity generation for own needs.
Largescale photovoltaic installations are also developing more and more intensively.

The production of energy using wind power plants is also quite favorable, especially in the
northempafida 2F (GKS NBIA2Y Ay (GKS F2ft2¢6Ay3 RA&UINRK
Y2NIKSNY LI NIa 2F GKS RAAGNAOGAY t2RRtOAO]TAZI %:
were approx. 475 wind power plants operating in the voivodeship withttt@ capacity of

approx. 600 MW.

The region has large reserves of geothermal waters, with the potential of development of
heating purposes. The most productive are the waters of Lower Cretaceous and Lower Jurassic,
f20FGSR Ay GKS Rwalliadidtieindrth gafs of tie ReBidno A OS = |

Current RES consumption

1 Heat supply

The key RES source for heat production in the region origins from the biomass.

Tide, Wave and Héiro
Ocean " i
0% \ 7 Geothermal
0%
Solar
0% Wastes non-RES
9%
Wind
0% .
Biomass and
Renewable
Wastes
91%
Hydro Wind
Biomass and Renewable Wastes Solar
m Geothermal Tide, Wave and Ocean

| \Wastes non-RES

Figure57 Heat production using renewable energy sources in Lodzkigion according to general sourd8.], (%),
2016,

The heat production from RES technologies have been converted to th@dieyrmance
indicators (KPIs) which indicate the energy share per one thousand of the population in the
region. These are presented in the table below.
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GWh  GWh/1000 of population

Heat supply using RES

Hydro 0 0.0
Wind 0 0.0
Biomass and Renewable Wast 250 0.1

Solar 0 0.0
Geothermal 0 0.0
Tide, Wave and Ocean 0 0.0
Wastes noFrRES 30 0.0
Total RES heat 280 0.1
Total heat demand 16,800 6.8

Table43Heat production using RES and its proportion per 1000 of population compared to total heat demand in
the Lodzkie region (GWh) according to general soui@¢ (GWh/annum), 2016.

9 Electricity supply

The RES fuel mix in the electricity generation process indicates that the biomass power
outnumbers the other energy sources. Over 60% of total electricity production comes from
biomass power and supplemented by hydro and wirghergy

Geothermal Wastes non-RES
0% 2%

\ Hydro
21%

Tide, Wave and

Ocean
Biomass and 0%
Renewable ‘ -
Wastes Wind

Solar
1%

66% 10%
= Hydro = Wind
Biomass and Renewable Wastes Solar
m Geothermal ® Tide, Wave and Ocean

m \Wastes non-RES

Figure58 Electricity production using renewable energy sources the Lodzkie region (GWh) according to general
source[3.] (GWh/annum), 2016.

The electricity prduction from RES technologies have been converted to theo&gprmance
indicators (KPIs) which indicate the energy share per one thousand of the population in the
region. These are presented in the table below.
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GWh  GWh/1000 of population

Electricity production using RES

Hydro 169 0.1
Wind 80 0.0
Biomass and Renewable Wast 520 0.2

Solar 10 0.0
Geothermal 0 0.0
Tide, Wave and Ocean 0 0.0
Wastes norRES 10 0.0
Total RES electricity 790 0.3
Total electricity demand 10,800 4.4

Tabk 44 Electricity production using RES and its proportion per 1000 of population compared to total heat
demand in theLodzkieregion (GWh) according to general sourf3] (GWh/annum), 2016.

Overview of toal RES potential

i Biomass, waste, solar energy

The next graph shows the possible heat contribution to the total heat demand using all available
RES sources. This includes a biomass, waste and solar energy sources.

Please se@ Glossary for the definitions of the presented energy sources.
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Figure59 Heat production potential from renewable energy sources in proportion to the total heat demand in
Lodzkie region according to general sourf@] (%), 2016.
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1 Geothermal energy
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Figure60. Geothermal energy potential in Lodzkie region
1 Wind power

Wind parameters in the region are listed in the table below.

GLOBAL WIND ATLAS

Home About ~ Download Contact Help ?
‘GLOBAL SOUAR ATLAS | ENERGYDATAINFO

Wind Power Density

Wind Energy Layers
Explanatory Layers

Wind Measurement Stations

o
1:34412:20.14751 |

The typical wind energy density as can be concluded from the map below, is arould/ 1360
on the land and there is no access to the sea for the offshore installgéons.
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Wind potential at 50 meters

Average wind speed 6,66 m/s
Maximum wind speed 6,79 m/s
Minimum wind speed 6,28 m/s

Table45. Wind potential at 50 meters for Lodzkie Region 2016.
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4.2.7 Romaniac SouthtWest Oltenia region

Current RES consumption

1 Heat supply

According to EUROSTAT, the share of renewable energy in gross final energy consumption by
the heating and cooling sector in Romania was 26,86% during 20lénfoutunately, there are
no specific data published in regional basis.

9 Electricitysupply

Romania can develop production systems on all types of renewable sources, depending on the
specificity of each geographical area in the country. Following the studies carried out at our
country level, the potential for green energy production is328 biomass, 13.5% wind and solar
energy, 23% micro hydro power plants and 2% vol. And geothermal. Romania's potential for
green energy production and the percentage distribution of estimated renewable energies for
2017 are highlighted in the figure below.

PONDERE RESURSE ENERGETICE PRIMARE IN PRODUCTIA DE ENERGIE
ELECTRICA 2017

B nNuclear [%]
BApa [%]

B Eoliansisolar [%]

B Carbune [%]
B retrol [2%)]
Gaz [%)]

Biomasa [%]

Figure62 Romania's potential for green energy production and the percentage distribution of estimated
renewable energies, (%), 2017,
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Puterea instalati si productia de energie clectrica
Insialled capacity and production of electric energy

202 2013 24 25 2016 2017
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Figure63 Romania's potential for green energy production and tipercentage distribution of estimated
renewable energies, (%), 2017,

The RES fuel mix in the electricity generation process indicates thahybeo power
outnumbers the other energy sources)% of total electricity production comes frohydro
power and $ supplemented by even energy contribution wartd solar PV

The national figures for the entire country have been standardized using the population ratio to
reflect the RES electricity production in the SeWlest Oltenia region.

Biomass and Geothermal Wastes non-RES

Renewable 0% \ 0%

Wastes
0% Solar
6%
0 Tide, Wave and
Ocean
0%
Hydro
Q,

= Hydro = Wind 70%

= Biomass and Renewable Wastes Solar

m Geothermal ® Tide, Wave and Ocean

m \Wastes non-RES

Figure64 Electricity production using renewable energy sourdaghe SouthWest Olteniaregion (GWh)
according to general sourgd.] (GWh/annum), 2016.

The electricity production from RES technologies have been convertide keyperformance
indicators (KPIs) which indicate the energy share per one thousand of the population in the
region. These are presented in the table below.
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Electricity production using RES

GWh  GWh/1000 of population

Hydro 1,700 0.9
Wind 600 0.3
Biomass and Renewable Wast 0 0.0
Solar 200 0.1
Geothermal 0 0.0
Tide, Wave and Ocean 0 0.0
Wastes norRES 0 0.0
Total RES electricity 2,500 1.3
Total electricity demand 15,000 7.9

Table46 Electricity producton using RES and its proportion per 1000 of population compared to total heat
demand in theSouthWest Olteniaregion (GWh) according to general sourf&] (GWh/annum), 2016.

Overview of total RES potential

Potentialul Remaniei in domeniul producerii de
energie verde

Energie
solara

Biomasa
65%

Figure65 Proportions of potential RES in Romania according to local soy&®], (MJ/m?).
I Solar potential

The monthly range of thermal values in Romania reaches peak values in June (1.49/kaH/m
and minimum valuesn February (0.34 kWh/fday). In the solathermal energy potential
assessments, water and / or swimmipgol heating applications (domestic hot water, heating,
etc.) have been taken into consideration, and sqdbhotovoltaic potential assessments have
taken into account both photovoltaic network connection and autonomous {metwork)
connections for isolated consumejiss. ]

In Oltenia, the map with the distribution of the average annual flows of incident solar energy on
the harizontal surface of the region, where 5 zones are distinguished by the average annual
flows of incident solar energy (more than half of the country's surface benefits from a flow of
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annual average energy of 1275 kWHjmThe data is expressed kkivh/m?/year, horizontally,
this value being the one used in energy applications for both photovoltaic and thermal solar.

Zona de Intensitatea
radiatie solara radiatiei solare (KWh/m2/an
H =1350
1300-1350

I 1250-1300
v 1200-1250
W <1200

Figure66 Solar energy potential map in the SoutWest Oltenia region according to local sourds5.],
(kWh/m?2/annum).

Concerning the electricity produced by the hydropower plants in the Sétekt Oltenia Region,

the situation is fluctuating, but the differences in production values are still predictable in the
context of climatic conditions the region. The European Union has suggested to Romania that
special attention be paid to increasing wind energy production, according to a study, estimated
at 14,000 MW of the country's wind potential, is the largest in Sdtdlstern Europe and the
second in Europe.

1 Wind potential

In the strategy for capitalizing renewable energy sources, the declared national wind potential
is 14,000 MW (installed power), which can provide an amount of about 23,000 GWh / year of
energy. In 2016, taking into accountetispecific conditions of that year, wind power plants in
Romania produced 6.52 TWh. The main reason why the technical potential of about 10.23 TWh
/ year is currently being used in only 60.7% is the adequacy of the national energy system that
can not takeover the unpredictable production sources.

In 2016, photovoltaic parks in Romania produced 1.67 TWh. The construction of photovoltaic
parks has benefited from a support scheme in 2Q046, according to Law 220/2008.
Photovoltaic capacities are to be dewped both in the form of medium capacity solar parks,
made on degraded or poorly productive land, and in the form of low dispersed capacities made
by energy consumers who can make the transition to prosumer. Until 2030, photovoltaic
systems will reach aotal installed capacity of approx. 3.100 M\(& production of about 5
TWhlyear).
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POTENTIALUL EOLIAN AL ROMANIEI
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Distributia vitezei medii anuale a vantului pentru inaltimea de 50 m

Figure67 Wind energy speed at 50m in Romania according to local soU&®], (m/s).

I Solar energy

Solar energy canebused for energy purposes either in the form of heat, which can be used for
the preparation of domestic hot water and heating of buildings or for the production of
electricity in photovoltaic systems. The distribution of solar energy on the nationalotsris
relatively uniform with values between 1,100 and 1,450 kWitymar.

Minimum values are recorded in depression areas and maximum values in Dobrogea, eastern
Baragan and southern Oltenia. At the end of 2016, solar parks with a total power of 1,360 MW
were installed in Romania, which, according to project energies, produced 1.91 TWh / year. In
2016, photovoltaic parks in Romania produced 1.67 TWh.

The main reason why the solar potential is not exploited to a higher degree is that the national
energy sgtem can not take over the large variations in power injection generated by
photovoltaic sources in the absence of properly sized balancing and storage systems.
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Prediction Map
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Figure68 Solar radiation map in Romania according to local soul&s,], (MJ/m?).

1 Biomass, bioliquids, biogas, waste and waste gas and sludge fermentation

The biomass energy potential is estimated at a total of 318,000 TJ / year, equivalent to 7,6 million
toe.

Data on solid biomass productigresents a high degree of uncertainty (about 20%), with a
central estimate of 42 TWh in 2015.

The main form of energy biomass produced in Romania is firewood, burned +efficiency
stoves. The consumption of firewood used in households is estimate®l Bi\31 / year. In 2015,
the production of biofuels was about 1.5 TWh and the biogas of 0.45 TWh.

In 2015, only 0.7 TWh of national electricity produced from biomass, bioliquids, biogas, waste
and waste and slurry fermentation gases in capacities of 126 h¥alied capacity.
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POTENTIALUL ENERGETIC AL BIOMASEI IN ROMANIA
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Figure69 Biomass potential map in Romania according to local sou{6g,], (MJ/m?).

1 Geothermal energy

Several areas in which the geothermal potential is estimated to allow ecoragpiations in

a large area in Western Transylvania and on smaller areas in northern Bucharest, north of

wlk Yy AOdz +Nf OSlt YR | NRdzyR 1 NYRNNBA f20FftAGe
research in 1990 revealed that the potential of the known geaothal resources in Romania is

about 7 PJ / year (about 1.67 million Gcal / year). The records for the perioe2PQB4ndicate

that all of this potential is capitalized annually as heat or hot water between 155,000 and
200,000 Gcal.

Key Performance Inditors (kWh/1000 of population) General data
Wind electric energy production (including photovoltaic solar enel 4,9
Fuelwood energy production (including biomass) 1,9

Table47 Proportion of RES electricity production per 10@f population according to specific informatio55.],
(GWh/annum).
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4.2.8 Sloveniag Savinjskaregion
This chapter summarizes the current contribution of renewables in energy generation and

investigates the total potential of uiing renewable energy sources which could offset-coal
fired energy production.

Current RES consumption

1 Heat supply

According to the Energy balance of Slovenia for 2017, majority of heat production from
renewables in Slovenia origins from biomass and weaide wastes. The second most popular

is geothermal energy, with a 7% share and wastes formRIB8 with a 6% share. As there were
no available specific data for Savinjska region, the national figures were downsized with
population ratio, which results ithe same shares of heat production using different renewable
energy sources at regional level.

Tide, Wave and Wastes ?on—RES Wind
Ocean o% 0%
0%
Hydro
0%

Geothermal Biomass and

7% S;!/ar Renewable

° Wastes

85%

= Hydro
Wind
Biomass and Renewable Wastes
Solar

= Geothermal

= Tide, Wave and Ocean

Figure70Heat production using renewable energy sources in Slovenia according to specific informdibr,
(%),2018.

Overall, wood is one of the most important renewable sources in the country as wood and other
solid biomass represent around 50% of the share of renewable energy sources in energy supply
in Slovenia. In 2016, total energy silypfrom biomass was 7,076 GWh.

The heat production from RES technologies have been converted to th@diyrmance

indicators (KPIs) which indicate the energy share per one thousand of the population in Savinjska
region. These are presented in the tablelow.
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GWh GWh/1000 of population

Heat supply using RES

Hydro 0 0.00
Wind 0 0.00
Biomass and Renewable Wast 826 @ 3.24
Solar 16 0.06
Geothermal 66 0.26
Tide, Wave and Ocean 0 0.00
Wastes norRES 64 0.25
Total RES heat 972 3.82
Total heat demand 1,808 7.10

Table48Heat production using RES and its proportion per 1000 of population compared to total heat demand in
the Savinjska region (GWh) according to general soydsk], (GWHannum), 2018.

According to the Statistical Office of the Republic of Slovenia, the share of energy from
renewable sources in gross final energy consumption in Slovenia for 2017 was 21.55%. Gross
final energy consumption from renewable sources is caledlaas the sum of gross final
electricity consumption from renewable sources, gross final energy consumption from
renewable sources for heating and cooling, and final energy consumption from renewable
sources in transport.

9 Electricity supply

In Slovenia, te amount of electricity delivered from facilities using RES in 2017 was 4,479 GWh,
which represents around 30% of the total electricity generated in the country. The share of
electricity generated in hydro power plants and facilities using RES annuadly, \depending

on hydrological and other conditions, and the investments in new generating facilities using RES.

Figure 5: Shares of primary electricity sources in the period 2613-2817

32% 30%
% % 33%
40%
30% 38% 36%
37%
2013 2014 2015 2016 2017
RES Nuclear fuel M Fossil fuels

Sources: Electricity system operators, Energy Agency

Figure71 Shares of primary electricity sourcegl4.], in the period 20182017.

In thestructure of production of electricity from renewable sources in Slovenia, the hydro power
prevailed with around 90% share, followed with the solar energy, biomass and renewable
wastes energy. Wind energy accounted for only 6 MWh of total electricity mtamhuin the
country.
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Biomass and Solar | | Geothermal
Renewable 6% 0%
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Figure72 Electricity production using renewable energy sources in Slovenia according to specific information,
[44.], (%), 2018.

In 2017, in Slovenia the followimine companies were operating large facilities with a capacity
of over 10 MW:

- ¢SNXY2SEtSTGNI NYI ~20Glye2 06¢9~02

- bdzl £t SFENYIF StSTAONINYIF YNOD{12 6bo9YOX

- Dravske elektrarne Maribor (DEM),

- Savske elektrarne Ljubljana (SEL),

- {201S StSTOUNYNYyS b2@gF D2NROF 6{9bD0Z

- Hidroelektrarne na spodnji Savi (HESS),

- Termoelektrarna Brestanica (TEB),

- Javno podjetje Energetika Ljubljana (JPEL),

- HSE9YSNABSG&1!l RNHzO6F ¢NbP2@f2S 61 {9 95 ¢Nb2Ot
Companies DEM, SEL, HESS, and SENG generate electricity in hydroelectric power plants,
however, none of hydro power plants operated by these companies is located in Savinjska
region. This inidicates thadlectricity production from RES in Savinjska region is generated in
smaller facilities such as smaller solar power plants, facilities using biomass, CHP units and
similar. There were no specific numbers on electricity production using RES for Savinmka reg
but compared to the large powerplants operated by above listed companies and the importance

of the hydropower, the electricity generated in smaller facilities does not represent a significant
share in total electricity from RES production.

The electritty production from RES technologies have been converted to th@&dgrmance
indicators (KPIs) which indicate the energy share per one thousand of the population in Slovenia.
These are presented in the table below.
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Electricity production using RES
GWh  GWh/1000 of population

Hydro 4048 @ 1.96
Wind 6 0.00
Biomass and Renewable Wast 175 0.08
Solar 250 0.12
Geothermal 0 0.00
Tide, Wave and Ocean 0 0.00
Wastes norRES 0 0.00
Total RES electricity 4479 2.17
Total electricity demand 16,500 7.98

Table49 Electricity production using RES and its proportion per 1000 of population compared to total heat
demand in the Slovenia according to specific sourgel.], GWh/annum), 2018.

Overview of total RES potential

Based on the available resources in Slovenia, there is still a plenty of potential for RES energy
generation in the country as well as in the region.

The total RES potential of Slovenia and Savinjska region wimrezkpith a number of
interactive websites in a combination with specific sources of information available either for
national or regional level.

List of interactive websites used for determination of RES potential:

- HotMaps¢ Heating and Cooling Open SoerTool for Mapping and Planning of Energy
Systems

- GeoDH Maps open source tool for mapping geothermal resources
- Global Wind Atlas
- Heat Road Map Europe (HRE4)

- Atlas trajnostne energije
i Biomass, waste, solar energy

The next graph shows the possible heattriution to the total heat demand using all available
RES sources. This includes a biomass, waste and solar energy sources.

According to HotMaps Heating and Cooling Open Source Tool for Mapping and Planning of

Energy Systems, forest residues and silarmal energy have higher heat production potential
compared to other biomass and waste sources.
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Figure73 Heat production potential from renewable energy sources in proportion to the total heat demand in
Savinjska region aceding to general sourc§?.] (%), 2016.

Solar energy is in Slovenia used either for electricity generation with photovoltaic system or heat
production with solar collectors. Heat production from solar energylavedia in 2016 was
around 130 GWh, electricity generation approximately 250 GWh. In the structure of total
supplied energy in Slovenia, the share of solar energy was ca. 2% (2016).

The image below shows global annual irradiation on horizontal surfadeviara in KWh/m.
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Figure74 Global annual irradiation on horizontal surface in Sloveri4s.].
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- Slovenia: ca. 1,000 kWh/m
- Savinjska: ca. 1,16[,222 kWh/n3.

Slovenia belongs to the most forested countries in Europe with a high wood biomass potential.
1,180,281 ha of forests cover more than a half of its territory (forestation amounts to 58.2 %).
Most Slovenian forests are located within the area of beecHd@ch and beeclak sites (70

%), which have a relatively high production capacity. According to the Slovenia Forest Service,
the growing stock of Slovenian forests amounts to 352,878,338 codires or 299 cubic metres

per hectare, moreover all Slovenian municipalities have a part of the territory covered with
forests, thus each municipality has a theoretical potential of woody biomass for energy use.

LEGENDA
Delez gozda po GGE (%)

[ | do25
[] 25do 50
[0 50do 75
M 75 do 90
H nad 90
meja GGO
K‘ meja GGE

¥ Zavod za gozdove Slovenije,
mag. Rok Pisek
Julij 2011

HRVASKA

Figure75 Forest cover in Slovenig46.], [%].

The Regional analysis of RES potential and material flow from 2010 showed in the in the
Savinjska&;~ I £ SO1F NBIA2Y 6{l ~ NBIA2YyO0>X GKS &dzo NBIA?2
biomasss the dominant potential.

. . . . Ljubno ob] Gornji | Reéica ob Smartno P .
Municipality: Soléava Luce Savini Grad Savinii Nazarje | Mozirje ob Paki Soitanj | Velenje | TOTAL
Estimated free wood potential me/year 12526 | 24009 | 18994 | 21464 | 5084 10,604 | 8789 1714 17.547 | 8064 | 128.796
Used forest potential m>/year 11.593 | 18.065 | 15500 ] 16.788 | 4.357 9.657 8.254 1.799 11878 | 8634 | 106.524
Maximum felling possible: m°7year 24119 | 42074 | 34494 | 38252 | 9441 20261 | 17043 | 3513 | 29425 | 16698 ] 235.320
Figure769 A U A Yl 0 SR FNBS ¢22R LRLSWGWOALFE F2NI aKS {F~F N
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Municipality: Soitava | Luze |Yubmeab Ginr";i Reticaobl e | mozirje | 3™ | ozrani | velenje | Torac
Unfelled free forest potential mjyear | 15061 | o758 | 22500 ] 23147 5505 | j1o0a | joeoa] 1937 | tezso] 9670
[Prevented exploitation of forests mivear | 2535 | 3809 | 3605 | ieAs | 511 620 | 1715 | 223 | 1733 | 1606
Estimated free wood potential m7/year | 12506 | 24009 | 18994 | 2464 | 5084 | 10604 | 8789 | 1714 | 17547 | 8084
Estimated free WB potential for
energy purposes (30% of forest m¥year | 3758 | 7208 | see | s439 | 1525 | 3181 | 2637 | 514 | 5284 | 2419 | 38,630
1]
Figure779 a GA Yl G SR TNBS 2. LR{Qyz0t0rt F2NJ 0KS {F~1 NBI
Ly GKS {F~F NBIA2YS GKS SadAVYl ( SoRwoddBrsasst vy dzt £ L

which represents 85,06 MWh of thermal energy per year (primary final energy).

76 % of forests in Slovenia are in private property, 24 Barests are public (owned by the state

or local communities). Larger statavned forest estates enable good professional
management, however the private forest estates are small, fragmented and owned by a large
number of owners (around 413,000). The lageesents a serious obstacle for professional work

in private forests, optimal wood manufacturing process and utilisation of forest potential.

1 Geothermal energy

Analysis of thermal conditions of the deep ground in the Savinjska region with general source
does not identify any geothermal potential in the region.

Figure78 Geothermal energy potential in Savinjska regida1.].

Image above shows that there are neither areas with the Hieat density (HFD) above
90mW/m? nor high temperature distribution (>3Q) below 1000n or high temperature
distribution (>90C) below 2000n. Nonetheless, there are areas in Slovenia and Savinjska region
that have been researched in the past and whére geothermal potential has been recognized.

Most researched areas with a geothermal energy potential in the country:
- Pannonian Slovenia,

- YNRINBOAO12 LRf2S LIXIAYy:
- w2 3 |-Celisko area,

- Ljubljanska basin,

- Slovenian Istria and

- the area of Zahodna Slovenija.
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The image below shoes temperature distribution at 1,000 m across the country, where the area
with highest temperatures and hedliow RSy aA & Ay { | OAZ&skdrea)lsBIA2Y 0O
market with red.

Temperatura (°C) v globini 1000 m
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Figure79 Temperature distribution at 1000 n{46.].
1 Excess heat
According to the available data from general source, in thenfka region there is a very

limited potential of excess heat utilization. A waste watter treatment plant that have been
O2yaARSNBR Ay GKS 3INILK o6St2¢ FNBY [/SteSz [ 0]}

Waste-to-Energy Power plant excess Industrial heat Metro stations Waste water
excess heat heat excess excess heat treatment plants
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0%

B General data ™ Total heat demand

Figure80 Excess heat potential in Savinjska regj¢12.].
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Excess heat potential (MWh/year) in the areas of Savinjska region is additionally presented in
the image below. Red, orange and yellow mark the amount of potential energy per year (red: >
5,000 MWh/ yea, orange 1,00@ 5,000 MWh/year, yellow < 1,000 MWh/year). The excess heat

in the region is extracted either from waste water treatment plants, industrial sites, power
plants or waste treatment plant.
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Figure81 Excess heat pottial in Savinjska regiof{49.].

In Slovenia, only in the municipal waste incinerator in Municipality of Celje (Savinjska region)

heat is produced from biodegradable waste, and in the area of former ironwork Ravne na

Y2NR ONSNE @1 I NBIA2Yy0 gl adsS KSIG FNBY AYRdzZAGNR I
2017, heat, produced from biodegradable waste covered 2.15%, and waste heat from industrial
processes 1.5% of all generated heat for the supply of distribution systems.

1 Wind power

Wind parameters in the Savinjska region are listed in the table below.

Wind potential at 50 meters

Average wind speed 3.5 mis
Maximum wind speed 8.1 m/s
Minimum wind speed 1.1 mis

Table50 Wind power potential in Sainjska region [2.].

Average wind speed at 50 meters for whole country is additionally presented in the following
image.

The wind power has the largest potential in the soutbstern parts of the country near the
coastline, where the typical wind energy density is from 200 to 400 3Vihe wind power
potential of the Savinjska is rather limited in comparison with other regions in Slovenia as the
typical wind energy density in Savinjska region is around1P®W/m?as can be concluded
from the map below5.]
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Figure82 Mean annual wind speed at 50 meterfs0.].

In 2017, only 0.1% of electricity production in Slovenas wontributed by the wind power
plants, in which it was generated 5,72 MWh of electric@yrrent installed capacity of wind
power plants in Slovenia is below 4 MW. Compared to the western Europe, Slovenia is not very
windy and in general does not haveny large areas with constant and high wind speed for the
installation of very large efficient wind farms. In the areas with wind potential (coastal areas and
smaller areas in other regions) that would be suitable for the installation of wind turbines, the
exploitation of wind potential is mostly limited with the placement of wind turbines in the
landscape as well as difficulties with obtaining all necessary legal permissions.
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Figure Wind potential in Slovenia and Savinjska regifm], (W/m?2).
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4.2.9 Spaing Extremadura region

Current RES consumption

1 Heat supply
There is no heat supply in Extremadura, at least not worth mentioning.
9 Electricity supply

In this section, specific data must be used because Extremdigra higher consumption of
renewables compared to Spain. The renewable electric generation in the Spanish peninsula was
40.3% in 2016 and 33.7% in 2017.

Extremadura, due to its low population and low industry, is one of the regions that produce

more electNA OA e GKIYy Al ySSRad / dNNBydGtes wmnm: 2F 9
renewable energy. In 2017, Extremadura consumed 4.800 GWh and its renewable production

was 4.768 GWh. And it is the European region with the highest solar energy produced pe
inhabitant.

The RES fuel mix in the electricity generation process indicates that the solar power outnumbers
the other energy sources. Over 60% of total electricity production comes from solar power and
is supplemented by hydro and biomass energy.
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Figure 83 Electricity production using renewable energy sources the Extremadura region (GWh) according to
general sourcd3.] (GWh/annum), 2016.

The electricity production from RES technologies have beemested to the keyperformance
indicators (KPIs) which indicate the energy share per one thousand of the population in
Extremadura. These are presented in the table below.

Electricity production using RES
GWh GWh/1000 of population

Hydro 1,350 1.3
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Wind 0 0.0
Biomass and Renewable Wast 250 @ 0.2

Solar 3,200 3.0
Geothermal 0 0.0
Tide, Wave and Ocean 0 0.0
Wastes norRES 0 0.0
Total RES electricity 4,768 4.5
Total electricity demand 4,800 4.8

Table51 Electridty production using RES and its proportion per 1000 of population compared to total heat
demand in theExtremaduraregion (GWh) according to general sourf&®] (GWh/annum), 2016.

The total production in Extremadura in 2017 wds185 GWh, this means that 16.417,52 was
produced with norrenewable sources, a nuclear power plant that is located in the north of the
region. Our government is planning on closing it by 2030.

Overview of total RES potential

i Biomass, waste, solar energy

Extremadura has a high potential for biomass due to the amount of agriculture, olive bones,
almond skin, etc. The results from the national data are the follovgraph. Please se2
Glossary for the definitionsf the presented energy sources.
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Figure84 Heat production potential from renewable energy sources in proportion to the total heat demand in
Extremadura region according to general souf@e] (%), 2016

Extremadura has great resources for solar energy and has already 562 MW installed PV power
(photovoltaic power) and 849 MW of CSP power (concentrated solar power). A proof of its
potential is that there are 2.000 MW of PV power in process of developnfewim this, there

is one plant that has just started construction works and will be the largest with 500 MW.

1 Geothermal energy
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Extremadura has few geothermal installations, and mostly forciumption. This is due to
the lack of experience and knelow of the companies in the region and its high cost. Not a
high potential has been identified for this renewable technology.

The thermal conditions of the deep ground in most of the Extremadura region, are rather
ordinary. There are neither areas with theatflow density (HFD) above ®W/m? nor high
temperature distribution (>5%C) below 1000n.
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Figure85 Geothermal energy potential in Extremadura regi¢hl.].

1 Excess heat

The other alternative focoalbased energy is an excess heat. This can be extracted from the
industrial sites that are already in operation as e.g. waste combustion plants, water treatment
plants and power plants. The estimated potential of heat production using different exeass h
source is presented on the graph below.
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Figure86 Excess heat potential in Extremadura regifi®.].
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Figure87 Waste energy potential in Extremadura regifi?.].
1 Wind power

Wind parameters in the region are listed in the table below.
Wind potential at 50 meters

Average wind speed 21 m/s
Maximum wind speed 10.2 m/s
Minimum wind speed 04 m/s

Table52 Wind power potental in Extremadura region2.], (m/s).

There is also a potential for wind energy, especially in the north of Extremadura. A new find farm
of 40MW was deployed in the region in 2018 and started operating a few months ago. @ Basn
been taken into account yet, but it will increase the renewables in the energy mix in the future.
Studies are being developed to install new wind farms in the region.
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Figure88. Wind potential in Extremadura regior5.], (W/m?2).

The typical wind energy density as can be concluded from the map below, is aroukd/ 265
on the land and there is no access to the sea for the offshore installg&gns.
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4.3 Heat distribution infrastructure
431 Bulgariag Yugoiztocherregion

Based on the national figures standardized to the regional level using the population ratio,
around 20% of total heat demand in Yugoiztochen is supplied through district heating.

DH heat sale
(excluding
losses)
20%

Other heat

supply
80%

m DH heat sale (excluding losses) = Other heat supply

Figure89 District heating supply to final customer in proportion to the total heat demand in Yugoiztochen region
based on general sourcé6.], (%), 2013.

The DH heat supply figures have been converted to thgpkefprmanceindicators(KPIs) which
indicate the energy share per one thousand of the population in the region. These are presented
along with the energy annual volumes in the table below.

District heating supply
GWh GWh/1000 of population
DH heat sale 700 0.7

Other hea supply 3,000 2.9
Total heat demand 3,700 3.5
DH % 19% N/A

Table53 DH heat supply volumes and their proportion per 1000 of population in Yugoiztochen regiogeneral
source,[6.], (GWh/annum), 206.
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4.3.2 Denmarkg Nordjylland region

A significant proportion as around 60% of total heat demand in Nordjylland is supplied through
district heating. This was slightly underestimated using the general source which was mostly due
to the figures being outdate¢published in 2013).

Other heat DH heat sale
supply (excluding
49% losses)

51%
DH heat sale (excluding losses) = Other heat supply

Figure90 District heating supply to final customer in proportion to the total heat demand in Nordjylland region
based on general source, 2018.] and specific information[4.] (%) 2016

The annual heat supply volumes and their proportion of the district heat is presented in the
following table.

The DH heat supply figures have been converted to thepkeiprmanceindicators (KPIs) which

indicate the energy share per one thousand of the population in Nordjylland. These are
presented along with the energy annual volumes in the table below.
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