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INTRODUCTION

In Croatia biomass accounts for approximately 11% of the total primary energy supply, while the
majority of fuelwood is consumed in households for heating. The total capacity of industrial biomass
heating plants is estimated at 515 MW. [Sourgeergy in Croatia, 2014, Ministry of Economy]

Exploitation of forest and wood biomass for energy has a long tradition in Croatia, especially fire wood
and wood residue. In 1960s almost 25% of energy needs was being covered by biomass. Since then,
the use of biomass has diminished. Households rather use natural gas and fuel oil, because they are
more convenient to use.

The Ministry of Economy regist(RERCPPRas more than 70 registered projects that are in process
of construction on forest or wood bimass[Source: RERCPPP, 20Eg) the period from 2006 to 2015

an amount of wood mass foreseen for utilization for energy, is about 2,6 million m3 (from that
amount, 2 million m3per year is supposed to be obtained from Croatian Forests Ltd., and from the
private forests owners 0,6 million m3).

More than 95% of the total pellets production was exported while little was placed on the domestic
market. Wooden briguettes capacity is estimated at some 60.000 t/y while its actual production is
highly dependent o the feedstock availability waste from wood processing industry. Briquettes are
also mostly exported. [Source: EIHP]

MAIN COMMERCIALIZED SOLID BIOFUEIESJATIA

Less than half of the population (47%) use some type of biomass for space heatingg avokiater
heating in Croatia. This percentage is much higher in rural areas, where approximately three fourths of
the households (73%) reported to use biomass for their daily needs, while, on the other hand, the
percentage is significantly lower in urbareas (28%). [Population Census 2012] Regarding the type of
biomass, firewood is used by almost all of the households that reported biomass consumption. A very
small number of households (4%) use pellets and briquettes or some other type of biomass (mainly
tree prunings). People obtain firewood from biomass supply centers (Croatian Forests Ltd. and local
biomass suppliers) (46%), wood industries (17%) or use their own cuttings (34%). More than one third
of the households that reported biomass consumptior utsomass for cooking (38%). Furthermore,

two thirds of them, apart from biomass, use also electricity, LPG or natural gas for cooking. Few (12%)
households use biomass for water heating, mostly in combination with electricity or natural gas.
[Source: Engry Community]
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Firewood sources for households

m Biomass supply centers
@ Forestry (own cuttings)
@ Processing infrastructure
@ Other

Figurel Firewood sourcér households

Relevant legal framework

The existing policy framework is generally well developed, with several regulations and financing
mechanisms for each sector. National policy landscape related to the biomass supply, logistic,
conversion, distribution and end use is illustrated in follgyvitiagrams. [Source: S2Biom report]

‘BiomassSuppIy‘ ‘ Logistics ‘ Conversion ‘ ‘ Distribution ‘ ‘ End Use ‘

Figure2 Current policy: Fore§Bource: S2Biom report]
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Figure3 Current policy: Agriculture and dedicated crffpsurce: S2Biom report]

Technical rules and standix that apply to heatingystems are given in the table:

Tablel Technical rules and standards for heating systems

Technology Technical criteria

Capacity between 5 and 50 kW, the fuel used can
Biomass stoves used in household wood chips, pellets, briquettes and logs; boiler

STFAOASYyOe x yp

Capacity of 150 to 5000 kW for heating household
public buildings (schools, hospitals, administrative
centers) and office space; used fuel can be wood ci
and Sttt SGaz GKS 02Aft S|

District heating systems

Capacity 5010000 kW, the fuel used can be wooc
waste in all forms that occur in operation wood
processing industry (bark, occasional waste wooc

OKALJAS &l ¢gRdAzAGOT 02A

Industrial boilers

Capacity of 100 to 5000 kW, the fuel used can be
Stoves iragricultural and food agricultural biomass in all forms that occur in the

industry production process (straw, corn stalks, seeds, shel
62At SNI STFAOASY O

Use of biomass in small furnaces can be thuse of increased particles emissions and, therefore, the
solutions with the district systems having more efficient devices for the emission reduction is
stimulated. Consideration should be made due to the fact that it is not possible to exploit all the
available biomass resources. Namely, of the total biomass produced on agricultural fields, 40% must
be returned to the soil, 30% is used for fodder and on farms and the remaining 30% may be used to

10
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produce biofuels.

Energy Strategy guidelines regardingiagsbiofuels [Source: Energy Strategy of the Republic of Croatia,
20009]:

Stimulate development of the Croatian wood processing industry;
Develop forestry and facilitate all forest residues to be utilized,;
Stimulate forest cultivation and energy forest tdtion;

Stimulate biomass fired cogeneration plants for heat and electricity generation;

= =4 =4 -4 -2

Stimulate usage of biomass for heat production

The Strategy sets goals for year 2026 make use of 40% of overall biomass potential (excluding
energy crops), byncreasing installed capacity to 140 MW, and for year 208D make use of 72% of
overall biomass potential (from forests and agriculture), by increasing installed capacity to 420 MW.

Obijectives of the energy Strategy through the optimal use of maturenm@clgies of REE (2020 and
2030):

Table2 Objectives of the energy Strategy (FES

STy 2020 goal: 2030 goal: Total capacity, end
20% RES share (MW 30% RES share (MW year 2015
Biomass 140 420 25 MWe (+90)
Waste 40 60 5 MWe
Wind 1200 2000 340 MWe (+400)
Big hydro (>10 MW) 300 rep\;/;vrvse”: ';::tiro N/A
Small hydro (<10 MW, 100 140 3 MWe (+5)
Geothermal 20 30 0 MWe (+5)
Solar 45 250 43 MWe (+12)

11
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Figure4 Projected RES share in total capaf®tyurce: Energy Strategy of the Republic of Croatia, 2009]

Projected RES shares in gross final energy consumption in 2020. (in percentages) are illustrated in the
following diagram:

RES share in energy consumption (2020)

1%

m Solar
BEWind

Small hydro
M Big hydro
32% _
mE Biofuels

Biomass
m Other

B Geothermal

m Biogas

Figure5 Projected RES shares in gross final energy consunfigtonce: Energy Strategytbe Republic of Croatia, 2009]

Objectives of the energy Strategy through the optimal use of mature technologies -tf RIP30)

Total amount of renewable energy for heatiagd cooling in 2020 is expected to be around 605 ktoe.
Solid biomass (from forests and agriculture) will have a major role, with a share of 64.5%. Of the total
consumption of biomass for heating and cooling 50.7% will account for supply for general
consunption (households, services, agriculture, construction). Solar energy will have a share of 16.1%,
with national target for installation of 0,225 m2 of thermal collectors per capita. Heat pumps will have
a share of 15.8%. The share of geothermal energlgdridtal renewable energy in heating and cooling

is expected to account for 2.6% by 2020.

12
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RES for heating and cooling (2020 objective)

3%

mEBiomass

m Solar
Heat pumps

m Geotheramal

Figure6 Objectives of the energy Strategy (RBESource: Energy Strategytok Republic of Croatia, 2009]

Development of centralizedenewable energy heating systems is expected in smaller urban areas
(<10,000 inhabitants), in areas rich with forest biomass and with geothermal potential. Most of these

I NBlFa R2yQiG @&Si KF@S (GKS Ay FNI adNHzOG dodBhe NB |j dzA
development will have to start from the beginning. The assumption is that the new district heating
systems will be developed in 10 to 15 cities, with a 30 km of new heating pipe network by 2020.

The Strategy sets the goal of using around 84 PJ®iRED20:

Table3 Objectives of the energy Strategy (RES by sector)

Sector Share of RES (%)
Electricity 9,2
Transport 2,2

Heating and cooling 8,6

Energy supply and available resources

Primary energy production and totptimary energy supply by sources in Croatia in 2014.

13
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Primary energy production, 2014
Total 243,77 PJ

0%

@ Biomass

@ Crude Oil

@ Natural Gas
@ Hydro Power
O Heat

@ Renewables

Figure7 Primary energy productiofsource: Energy in Croatia, 2014]

Total primary energy supply, 2014
Total 402,22 PJ

@ Biomass

@ Coal and Coke
@ Liquid Fuels

@ Natural Gas

@ Hydro Power
O Electricity

B Renewables

Figure8 Primary energy supp[pource: Energy in Croatia, 2014]

In 2014, thetotal final energy consumption decreased by 5 percent compared to the previous year. In
2014, the consumption of other renewables increased by 32.5 percent, while the consumption of all
other energy forms decreased. The biggest reduction, expressed asnpage, was recorded in the
consumption of fuel wood and other biomass, amounting to 11.5 percent. Final energy consumption in
households was 93,45 PJ in 2014. Compared to 2013, a decrease in energy consumption in households
amounted to 10.5%.

14



0) This project has received funding from the
European Union's Horizon 2020 research and
BIOma innovation program under grant agreement No.

sudplus 691763
* e *

Final energy consumption, 2014
Total 260,54 PJ

0% @ Biomass
/
3% m Other renewables
@ Coal and Coke
@ Liquid Fuels

I Gaseous Fuels
@ Electricity

B Heat

Figure9 Final energy consumptidSource: Energy in Croatia, 2014]

Installed capacities for heat and electricity generation from renewable energy sources in Croatia for
2014 are shown in the following table.

Table4 Installed capacities for heat and electricity generation

RES Installecil\lzs\zla)t Ry Installed power capacity (MW)
Solar 113,2* 33,5
Wind 0 339,3
Biomass 515* 27,3
Small hydro power plants 0 34,2
Geothermal 52,79/124,65 0

[Source: EIHRHEP, University of Zagreb, Faculty of ForestBepartment of Wood Processing, INA
industrija nafte d.dg geothermal energy, WGC 20¢Xroatia Country Update 2015 and @#olbah
& others]

*estimation
**systems connected to the grid

Installed capacitiegrowth trend for RESl and REE is shown on figures below.

15
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Figure10 Growth trend for REB [Source: Energy in Croatia, 2014]
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Biomass resourcesforests and griculture

Data on forests in Croatia are presented below [Croatian Forests Ltd.]:

Table5 Forests in Croatia

Forest area 2.688.687 ha 47% of total land area

2.106.917 ha state forests 78% is state owned

Forest ownership
581.770 ha private forests 22% is privately owned

The forests in Croatia cover an area of 47% of land, and the country boastsestablished wood

industry. In relation to the population, Croatia with 0.56 ha of forest per cdmtangs to the top of

European countries by forests. Organization Chart of Forestry in Croatia Forest structure from the
sylvicultural aspect are: high forests (63.9 %), coppices (15.8 %), brushwood, maquis, garigues (19.3 %)
and plantations (1 %). Foredts Croatia are broadleaved (84 %) and coniferous (16 %). Broadleaved
forests consist of the following species of trees (expressed in percentage): beech 36.5 %, pedunculate
oak 13.9 %, sessile oak 10 %, hornbeam 8.2 %, ash 3.3 %, other hard broadlea%&dséfd

ONRBI Rf SI dS&4 ody 223 FAN pdo 22 YR 20KSNI O2y A TFSNA
stock amounts to about 400.000.000 m3, annual increment is up to 10.500.000 m3 and the allowable

cut (etat) is around 6.600.000 m3. [Source: CafForests Ltd.]

There are approximately 600 thousand private forest owners in Croatia and privately owned forests
are often linked with a lack of professional knowledge in forest management. Additionally, there are
no strong private forest associatiorterough which the forest owners would exchange knowledge and
experience, and coordinate forestry interventions. This blocks participation on the market. Parts of
private forests are degraded and require high investments for rehabilitation.

Wood-based fued used in Croatia are listed below:

Pellets¢ most widespread modern wood fuel formed by pressing or crushing of sawdust coarse wood
waste or wood chips. A dozen Croatian pellet manufacturers export up to 95% of their products,
around 250.000 tons per year

Briquettes ¢ preceded the popular pellets and it was used by-ecnscious customers, because of
small difference in price compared to traditional wood fuel.

Firewoodc traditional commercial measures for firewood in Croatia is a cubic meter, and iist®0$
logs, one meter in length and eight to fifteen centimeters in diameter. Best raw materials for fire wood
is considered hornbeam, followed by beech and other hardwoods.

Wood chips¢ used for fuel in large industrial heating or production electricityith a higher
percentage of moisture required in a specially constructed boiler. At the end of 2015. Croatian Forests
Ltd. had contract for 1,2 mil. m3 of wood chips (calorific value of 2,5 MWh/m3), enough to supply
cogeneration plants of total electrmower of 60 MW (CHE) and heat power of 230 MW (GHIp.

Of nonwood based biomass used in Croatia, the biggest role has corn residue. Calorific value of
agricultural residues (crop, orchard and wine productions) in the region of Slavonia and Baranja are
it f dzZaGNI GSR Ay GKS F2fft2¢gAy3 RAIFIANIY w{2dz2NOSY L I

17
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Figurel2 Calorific value of agricultural residues{ 2 dzZNOSY L@l y2@Ad6 +FyR Dt @gF 0% |

Directly derived energy wood from forests, e.g. firewood and wood chips, is directly used for energy
purposes.

Following graphs illustrate the annual quantities of solid biofuels produced and utilized in Croatia. Data
on their main qualities (domestic dndustrial) in not available. The production is calculated from
5.302.200 m3 of firewood, density of 445 kg/m3 [Source: Energy in Croatia, 2014]. There is no known
use of olive oil industry residues (olive stones and exhausted olive cake) or nut hutlirggryn
residues.

Solid biofuels production in 2014 (t DM/y)
2.500.000
2.005.557

2.000.000

1.500.000

1.000.000

500.000 354.356

192.275
43.266

0 [

EFirewood BEWood chips EWood briquettes EWood pellets

Figurel3 Solid biofuels productigisource: Energy in Croatia, 2014]

Solid biofuels utilized are calculated as production minus export plus imports. For the imports and
exports firewood is assumed 15% dry andodohips 30% dry. Wooden briquettes capacity is
estimated to 64 890 t/yr while its actual production is usually done periodically depending on the
feedstock availabilityg waste from wood processing industry. Around 62% of the total briquettes
production wa exported during 2014. It is assumed that the 38% of pellets produced were utilized
domestically. Total installed capacity for the pellet production is 350.400 t/yr, out of which 55% is
utilized during 2014. Around 72% of the total pellets production wgsorted while little was placed

on the domestic market. It is assumed that the 28% of pellets produced (table a.3.) were utilized
domestically. [Source: Energy in Croatia, 2014]

18
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Solid biofuels utilized ir2014 (t DM/y)

1.600.000
1.400.000
1.200.000
1.000.000
800.000
600.000
400.000
192.275

200.000 95.509

0

mEFirewood mEWood chips EWood briquettes BWood pellets

1.366.445

Figurel4 Solid biofuels utilizefSource: Energy Croatia, 2014]

Following table indicates solid biofuels use by sector in 2014 [Source: Energy in Croatia 2014, Ministry
of Economy].

Table6 Solid biofuels use by sector

Sector e M_ain Y2 Commens
amount t/y | biofuel used
Biomass power Assumed NCV 12,1 MJ/dm3
plants (only 55,838,8 Wood chips density 328 kg/m3, not only
electricity) DM
Assumed NCV 12,1 MJ/dm3
CHP and CHPC density 328 kg/m3, not only
plants industrial 2,837,3 Wood chips | DM, additional 1085,6 ktofor
sector heating and other use in
industry
Assumed density NCV 9
Residential not . MJ/dm3, 445 kg/m3,
CHP 2,104,711,3 Firewood households 1012,9 ktoe,
services 3,8 ktoe, not only DN

19
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Commercial timber production in 2014 and 2015 [Source: Croatian Bureaatisfi€s, 2015]:

Table7 Commercial timber production

al ydzfFl OGdzNBR ljdzl yiA:
Commercial timber productio
2014 2015
Round wood (total) 4.997 5.179
Coniferous 877 838
Non-coniferous 4.120 4.341
Fuel wood, includingvood for 1653 1769
charcoal
Industrial roundwood (wood in 3.344 3.410
the rough)
Sawlogs and veneer logs 2.415 2.451
Pulpwood 918 949
Other industrial roundwood 11 10

An estimation of wood structure of commercial timber sales by assortmentsfidlass: logs 51.3 %,

thin round wood 0.9%, pulpwood 17.1 % and fuelwood 30.7 %. A large majority of wood products is
sold under preset contract/retail arrangements 90.5 %, by public biddings for domestic market9

% and by international public biddis (export)¢ 4.6 % of wood products [Source: Pentek and

t 2NOAYyale8I HAMnNed

Estimation of commercial timber sales by assortments

mLogs
@ Thin roundwood
Pulpwood
51% m Fuelwood

17%

1%

Figurel5 Estimation of commercial timber sales by assortmeén{s 2 dzZNOSY t Sy iS1 FyR t 21

Value and prices of forestry products sold [Souregeatian Bureau of Statistics, 2015]:

Table8 Value and prices of forestry products sold

Average price, kuna/m3

Total sale value 315,25
Fuel wood 164,42
Industrial wood 436,72
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Coniferous logs 368,64
Non-coniferous logs 533,62

The table below indicates the average price for customers of the main solid biafwsls\mercial
customers and domestic customegén 2016. Typical costs are given in EUR per ton, VAT excluded.

Table9 average price for customers of the main solid biofuels in 2016

Biofuel COMITEEE] ez Source Comments
Odza i 2Y{Odzal2 Y
Mve\:lgeordof N/A 90 Njuskalo.hr 25% VAT, delivery includec
Bag of pellets . 0
(15kg) N/A 193 Njuskalo.hr 25% VAT
. Croatian
0,
Woodchips 40 N/A Forest Ltd. 25% VAT
Wood bricket 110 170 Piljak.hr 25% VAT
Njuskalo.hr

BIOMASSES WITH POTENTIAL INTEREROMN IA

Sustainable forest potential (primary forestry production, field residues and secondary agricultural
residues)can reach up to 3.8m dry tones/year. Sustainable agriculture potential (primary field residues
and tree pruning) can reach up to 2m dry tones/year. Estimated sustainable potentiahofbie and
post-consumer wood can reach up to 0.6m dry tones/yead potential of dedicated crops can reach

up to 70.000 dry tones/year [Source: Croatian Forests Ltd.].

4.000.000
3.500.000
3.000.000
2.500.000
2.000.000
1.500.000
1.000.000

500.000

0

E Forest

Total estimated sustainable potenti@ry tones/year)

@ Agriculture

Bio waste and post consumer wood B Dedicated crops

Figurel6 Total estimated sustainablpotential of solid biduels Source: Croatian Forests [Jtd.

Research done under S2Biom FP7 project indicates the biomass resources potential form forests in
Croatiag conifers and broadleaves [Source: S2Biom, 2012].
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Forest potential (t DM/y)

Forests

E Conifers @ Broadleaves

Figurel7 Forest potentia]Source: S2Biom, 2012]

Biomass potential fronagriculture is illustrated in the following figures from the available data (olive
plantations, orchard plantations, vineyardq2014; cereal straw, sunflower stalks, soybean straw and
corn¢ 2013, based on the assumption that 30% of residues is avaftabdémergy use) [Source: Faculty

of Agriculture, University of Zagreb].

600.000
500.000
400.000
300.000
200.000
100.000
0

Agriculture potential (t DM/y)

[

[

Agriculture

@ Olive plantations @ Orchard plantation@ Vineyards @ Cereal straw

@ Sunflower stalks Soybean straw  mCorn

Figurel8 Agriculture potentia[Sourcefaculty of Agriculture, 2013014

3.627 hectares of agriculture area in Croatia is irrigated, while utilizedcaudbagricultural area was
1.508.885 hectares in 2014 [Source: Croatian Bureau of Statistics].

The following graphs illustrate the annual quantities of biomass resources potential of Croatia that can
be obtained in agréndustry.

Potential of wood industr by type of byproducts: (1) Bark (2013: 131.000 m3, assumption density
180 kg/m3, humidity 15%), (2) Clean woodgdrgductsg chips (2013: 400.000 m3, assumption density
328 kg/m3, humidity 30%), (3) Otherwood residues (2013: 530,000 m3, assumptiomsiy 160
kg/m3, humidity 15%). [Source: UNECE/FAQ Joint Wood Energy Enquiry, 2015]
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Wood industry- resource potential (t DM/y)

100.000
80.000

60.000
40.000
0

Wood industries

EBark @EChips @Other

Figurel9 Potential of wood industrjSource: UNECE/FAO Joint Wood Energy Enquiry, 2015]

Potential of nut hulling industry by type of {pyoducts: (1) Hazelnut shell (2014: production 990 t,
assumed RPR 0,3), (2) Walnut shell (2014: production 4.015 t, assumed RPR 0,3) [Source: Croatian
Bureau of Statistics].

Nut hulling industry resource potential (t DM/y)
1.500

1.000
500
. ]

m Hazelnut shell @Wallnut shell

Figure20 Potential of nut hulling industrjSource: Crogn Bureau of Statistic2014

Potential of olive oil industry by type of {products: (1) Olive stones (2014: production 8.840 t of
olives, assumed RPR 0,3), (2) Exhausted olive cake (2014: production 8.840 t of lives, assumed RPR
0,44) [Source: CroatidBureau of Statistics].

Olive oil industry resource potential (t DM/y)
4.000

3.000
2.000
1.000

0

m Olive stones mOlive cake

Figure21 Potential of olive oil industrisource: Croatian Bureau of Statistiz814

EXPORTATIONS / IMPORTS OF THE SOLID BIOMASBBE3 TN
Total energy imports and exports in Croatia in 2014ihgrgy source [@irce: Energy in Croati2014]
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are illustrated in the following charts.

Energy import (total 254 PJ)

12% m Coal and Coke
0

31% @ Petroleum Products
Natural Gas
32% | Electricity
0% \(10% m Biomass
15% Crude Oil

Figure22 Energy import in 201fource: Energy in Croatia014]

Energy export (total 104 PJ)

1%

m Coal and Coke
M @ Petroleum Products
Natural Gas
14%

63% | Electricity

mE Biomass

Figure23 Energy export in 201/&urce: Energin Croatig 2014]

At the moment several biomass district heating plants for buildings in cities and municipalities are in
the planning phase. Wood chips are produced with mobile wood chippers at the forest or roadside and
are almost always exported to ribor countries. Production of wood pellets started in 2006/07 as a
result of fossil fuels prices growth and increased demand for pellets in EU market. Approximately 95%
are exported to EU market mostly in Slovenia, Italy, Germany and Austria.

The Croatiarstate forests are Forest Stewardship Council (FSC) certified, which is important for the
exportation of wood to neighboring EU member states. The annual supply potential for the total wood
supply from certified forests is almost 6 million m3 per yearpssent quality control and quality
assurance standards for processed firewood are not used. The only wood fuel where standards,
certification and quality labels are commonly used are wood pellets. This is due to the industrial
production process and the anket demand for these in export markets, where approximately 95% of
the national production is exported. 14 Croatian producers have obtained quality labels (ENPIus)
addressing needs for constant assured quality by the EU customers. [Source: ENplus pellets

Solid biofuels imported and exported in 2014, by biomass source, are illustrated below [Source:
Croatian Chamber of Economy].
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Solid biofuels imported/exported ir2014 (t DM/y)

200.000 __ 656.554
600.000
500.000
400.000
300.000
200.000 161.203

100.000 17.441 1.420 3.945 42.620 1.027
[

0 e

371.202

Firewood Wood chips Wood pellets Wood waste

@ Export @EImport

Figure24 Solid biofuels imported and exported in 2Q$4urce: Croatian Chamber of Economy]

(1) Firavood: Main Export in Italy, Slovenia, Hungary, Austria. Main Import from BIH, Slovenia. (2)
Wood chips: Main Export in Hungary, Slovenia, Austria. Main Import from Slovenia. (3) Wood pellets:
Main Export in Italy, Slovenia, Austria. Main Import from B#.\Wood waste: Main Export in
Slovenia, Italy, Germany. Main Import from BIH.

Import prices of fossil fuels and biomass EUR/MWh from 2003 to 2014 are illustrated in the figure
bellow [Source: EIHP].

80,0
Fuel oil (light), gross
70,0 price for industry (excl.
VAT)
= Heavy fuel oil, gross
60,0 price for industry (excl.
§ VAT)
E 50,0 — Pellets, loose (excl. VAT)
W
‘DrED
> 40,0 = Natural gas, gross price
=] for industry (excl. VAT)
o
el
H‘_E_‘ 30,0 w— Raw oil, import price
=
£ 200 .
o e Natural gas, import
& price
10,0
= Hard coal, import price
0,0

Figure25 Import prices of fssil fuels and biomagSource: EIHP]
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MAIN SUPPORTS FOR THE USE OF BIOMASSANIA

National energy plan recognizes the exploitation of biomass as one of the most important parameters
in the sustainable development of rural areas, waste managenagmigulture and forestry.

Croatian rural development program (20£42020) has at its disposal 120.000.000 EUR for specific
forestry measures, such as conversion of degraded stands. Over 7.000 ha of devastated stands could
be transformed into high forest®oth in private and state owned areas.

The Environmental Protection and Energy Efficiency Fund (EPEEF) is the central point for collecting and
investing extra budgetary resources in the programs and projects of environmental and nature
protection, energyefficiency and use of renewable energy sources. The Fund grants financial
resources to legal and natural persons for the purpose of financing the activities set out in the Act on
the EPEEF through loans, subsidies, financial assistance and donations.

Planred funds for the implementation of the national energy programs in 2015 were 6.000.000 EUR,
and 98% was realized.

Implementation of the national energy programs

50.000.000

44.565.479
45.000.000
39.978.227
40.000.000

35.000.000

30.000.000 27.408.257

25.000.000

HRK

20.000.000
15.000.000
10.000.000

5.000.000

0

m2013 m2014 m2015

Figure26 Implementation of the national energy prograf®ource: EPEEF, 2015]
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MAIN PROBLAATIC OF THE USE ORMBASS IN CROATIA

The development of a woody biomass market for energy purposes is still in the early stages. The main
barriers [Source: BioRE&Homass EuVEfDr further development are listed below:

9 Lack of financial incentives for investing in wquadlets heating and biomass district heating;

1 Lack of medium and large scale applications of bioenergy production such as district heating,
combined heating and power (CHP) utilities;

1 Insufficient organizational setting of private forest associations aiffitult sociececonomic
situation of forest owners;

Lack of knowledge and technologies for domestic market uptake;

Lack of environmental awareness at all levels (policy makers, businesses, customers, etc.)
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CONCLUSIONS

According to performed interviewsf key stakeholders to identify promising biomass madegments
in Croatia(in the frame of Bioenergy4Business projethe biggest potential is in the substitution of
fossil fuels with biomass energy in Food industry and District heating plants [S&like, 2014].
Biomass accounts foonly around11% of the total primary energy suppily Croatia, and5% of
produced biomass quantitieis exported Furtherdevelopment of domestic market of solid biofuels
especially from woodhdustry,is necessary.

BEven though Croatia is approaching national energy tarf@t2020and is followingEU regulations,
import of primary energy (especially crude oil, petroleum products and natural gas) and electricity is
high compared to the vast renewable potential thahdae unlocked; Croatian coast has on average
from 2,400 to 2,800 sunny hours per yeand high wind potentialand close to half of land area of
Croatia is covered by forests
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INTRODUCTION

Solid biofuels are the most important renewable energy source in Greece, accounting for 6.0% of the
final energy consumption and 69.3% of the fiR&IS consumption in 2014 P].

Since2011, the residential heating market in Greece has seen major changes which have also affected
the patterns of biomass consumption as well as its public image. Two main drivers can be identified.
The first was the lifting aé long ban on biomass combustidor central heating in the urban centres

of Greece which created a favourable framework for the introduction of biomass heating sysg@ms |
Thesecond is related to the impact of the financial crisis and the fiscal measures associated with the
increase of taxation in the heating %ihich still remains the main fuel source for heating in Greece.

As a result, many households have souglternatives to heating oil, including solid biofuels, and
altered their heat consumption patterns, e.g. by switching from central heating to room heating via
stoves. In a sense, biomass use for heating has stopped being a rural habit and reappeared in urb
areas. However, the extensive use of open fireplaces and low quality wood stoves, in combination with
inappropriate fuelsuch as chemically treated wood, were a major cause of increased PM emissions in
the city of Athens and other urban centrg}.

Additionally, the impact of the financial crisis has stimulated interest in the use of biomass in other
sectors (industrial, agricultural, serviceSeveral industries, greenhouses, etc. have also switched to
biomass use as a means of reducing production costs.

Despite this new interest in biomass, there is still a significant potential of solid biofuels in Greece
which remain unexploited. Overathe solid biomass consumption per capita is only 0.084 toe/inh
Compared to the EU28 average of 0.180 toe/ish [

The present report intends to psent the current state of the art of the biomass market in Greece.
The first section is devoted to the main solid biofuels which are already utilized and commercialized in
Greece: firewood, wood pellets, exhausted olive cake and olive stones and otheindgstrial
residues. The next part discusses other types of biomasses, mostly coming from the forestry and
agricultural sectors, which represent a significant potential RES in Greece. The following part discusses
the situation regarding imports and expsrof biomass in Greece, followed by a discussion on the
main types of instruments supporting the use of biomass in the country. Finally, the main issues
related to the use of biomass in Greece are discussed and the main conclusions of this study are
presented.

MAIN COMMERCIALIZED SOLID BIOFUKRHRCE
The main commercialized solid biofuels in Greece can be grouped in the following main categories:

1 Firewood
1 Wood pelletsand briquettes

1 Exhausted olive cake and olive stones

'¢eKS FTANBRG AYyONBLras dz22f LIXIFOS Ay GKS FLfft 2F HAMHY TFTNRY
residential sector thus increased by 40% compared to the poswear.
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9 Other biomass types, mosthgroindustrial residues such as nut shells, peach keymats

Since 1/6/2016, e applicable VAT for solid biofuels in Greece is 4% |

Firewood
Firewood is by far the most important solid biofuel consumed in Greailh the main consumption
being in the residential sector

A survey performed by the Hellenic Statistiaithority for the heating period 201 2012 reports

that the average themal energy consumption of a Greek household was 10,244 kWh, whiletdie
number of households in Greece considered for the survey was 4,16p/h@<rewood is by far the
most important biomass source for households, contributing to 23.8% of the total thermal energy
consumption (876.46 ktoe in total). Alternatively, firewood corresporid 95.41% of the biomass
used for space heating in the residential sector.

Assuming a typical firewood LHV of 3.40 kwWh/kg (corresponding to a moisture content oBRGY® [

amount of firewood consumed by households in Greece is estimat2@8@i kt DM.
<Al
405

Hatural <as
T4

Cistrict heating
0.y

kEnosene
0.3

Clive cake
0.4

LF G
24

Salar themnal sestems
3

Wuiood pellets | FAremcod
or. 25 A

Figure27: Thermal energy consumption of Greek households per fuel typeZMP (Source:
Hellenic Statistical Abority)

In order to understand the origin of firewood consumed in Greece, different statistical sources have to
be compared.FAOSTAT9] reports the following figures fofuelwood production from forests in
Greece for the year 2014:

1 Coniferous fuel wood: 97,000%(solid volume, underbark). FAOSTAT suggests a solid density
of 625 kg/nf for coniferous fuel wood.

f  Non-coniferous fuel wood968,000 ni (solid volume, underbark). FAOSTAT suggests a solid
density of 750 kg/mfor non-coniferous fuel wood.

In addition to the firewood removed from forests, the Hellenic Statistical Authority indicates that
32
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464,203 t of firewood from agriculturalofdings(e.g. large branches of olive trees, uprooted trees,
etc) were produced in 201010]. This figure is in the same order of magnitude as ¢hieported in
previous years. In all cases, a typical moisture content of 30% can be used to estimate the dry matter
content.

Firewood imports and exports are reported in Secfoof this study.
Based on the previous valuesSigure28 presents an indicative breakdn of the origin of firewood
consumed in Greece for 2014. The results indicate that about 42% of the firewood consumption is not

reported in the fellings. This result is in line with a study from Germany that only 48% of the fuelwood
fellings were reportd in the last ten yearsLi].

2%

30%

42%

19%

M Forests: coniferous M Forests: non-coniferous i Net Imports
M Agricultural holdings M Unreported / unaccounted

Figure28: Estimated origin of firewood consumed by the residential sector in Greece for
2014(indicative values)

A marketregulationin effect since 2012 requires thatrfthe retail sale of firewood, it is compulsory to
use volume units (stacked or bulk cubic meter). Weight units are not allpi&dA typical price range
isaround 60cy 1 ¥(bulk), although prices both higher and lower have been noted. Prices may vary
depending on several parameters, such as location of sellecansumer, type of wood, whether the
material is solid in bulk or stacked, etc.

Wood pellets & briquettes

The pellets@Iasproject reports that pellet production in Greece started in 2006 FAOSTAT
estimates the national production in 2014 as 36,000 t, with imports amountir2® {892 tand exports
of only 670 t9].

The Greek Biomass AssociatibtELLABIOMeports that the production of wood pellets in Greece
amounted t026,775t in 2013 while theproductioncapacity is listed as 13840 t/y [14].
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According to the Hellenic Statistical Authority, wood pellets correspond to 0.7% of the total thermal
energy consumed in the Greek residential sector or 3.39% of the biomass consunsedde heating

[7]. Assuming typical wood pellet properties (LHV 4.60 kWh/kg and moisture content oBJ)Q%ad
wood pellet consumption in the residential sector amounted to 64,951 t for the heating period of 2011
¢ 2012.

Overall, it is estimated that the annual consumption of wood peiletie residential sector of Greece
is in the range of 50,00Q 65,000 t from 2011 onwards. This is fairly low for European standards,
however pellet consumption in the residential market exhibits a general upwards trend.

No statistics regarding the woogdellet use in the industrial or other sectors are available. It is
expected that wood pellets consumed by such types of heating system would conform to lower quality
standards.

There is no concrete information about the number of pellets in the Greelkebhdhat conform to

quality certification systems such as ENplus or DINplus. It is interesting to noteribaGreek

producer of wood pellets (Alfa Wood Nevrokopi AEBEw.alfapellet.g) has been awarded the
ENplus certificatiofil5]. The company has a production capacity of 60,000 t/y.

Again, there is no observatory for the market price of wood pelietGreece. In the heating period of
2016¢ 2017, wood pellets marketed as of Al quality have a typical price range af@30n € K G 6 + !
AyOft dzZRSRO® ! n ljdzZr fAGeE LISttSda INB tAaGSR gAGK f 2

Wood briquettes are not as popular as e pellets; the Hellenic Statistical Authority indicates that
only 0.28% of the biomass consumed for space heating in the Greek residential sector is coming from
wood briquettes T].

Exhausted olive cake and olive stones

Greece is the third largest producer of olive oil in the EU (after Spain and 1i@llya$ a result, agro
industrial biomass residues from the olive oil production process represent a significant potential of
renewable energy sources.

According to a mass balance from the BIOMASUD pr§]&tt olive stones amount to 8.3% of the
weight of the olive, while the exhausted olive cake is 19.7% of the weight. Both quantities refer to dry
basis, since water is giveeparately in the mass baland@UROSTAT listed the production of olives for
oil production in Greece a%,570,930 t in 201416]. Therefae, a peliminary assessment of the
technical potential of the major solid lyroducts from olive production is as follows:

I Olive stones: 130 kt DM
I Exhausted olive cake: 309 kt DM

It is worth noting that these numbers may exhibit significant variations from year to year, depending
on the actual production volume of olive oil; for example, in 2015 and 2016, the production of olive oil
wasaround 60% compared to the 2014 ley&6] and the figures above are expected to be reduced
accordingly.

In practice, the separation of olive stones by the Greek olive mills is rare. Theustgrdctice is that
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the olive cake produced by the olive mills is transported to secondary (pomace) wittse the

material is dried and the residual oil (pomace oil) is extracted using hexane and steam; both
operations require thermal energy which igptcally provided by the combustion of the solid- by

product of the processIn most cases, all solid {pyoducts end up in a single fraction, which is
YIEN]SGSR Fa a1SNYySt g22RE 2N GLANRY21aAf2¢é6é3 a A

The self consumption of kernel woad the pomace mills is a major contributor to the biomass energy
consumption in the industrial sectoEUROSTAT reports that the final energy consumption of solid
biofuels in the industrial sector was 146.7 ktoe in 2014; of these 73.8% was due to biomass
consumption in the food and tobacco sector; this percentage is consistentely high in all 3je#irss|
expected that the major share of the bi@ss consumption in the food and tobacco sector is indeed
due to thedkernel wood self consumption of pomace mills.

The actual level of the self consumption depends on the relative percentage of olive cake from two
phase olive oil mills that is delivereéd the pomace mills. The olive cake produced from two phase

olive mills has a higher water content compared to the thpdase system equivalent and thus

requires higher heat input for drying. The increased penetration of thefhase olive oil production

process in Greece has therefore resulted in the reduction of avaiéeleS Ny St 622 R¢é T2 NJ 2 |

TheAssociation of Olive Kernel Oil Producers of Greece (SPEL) currently estimates that there is a 60/40
split between the twephase and the thre@hasesystems currently. For a typical year in which olive

oil production reaches 250,000 t, the Association estimates that the kernel wood available for the
market is 70,000 and 65,000 t coming from tploase and thregohase olive mills respectivel$8].

(Exhausted) olive cake contributes to 2.34% of the biomass consumption for space heating in the
residential sector; its usage is taking place almostusieely in rural and sennural areasT]. In urban
centers, the odours associated with pirinoksilo make it a difficult fuel to use without campla

Ly uHamcI GKS YIFENLSG LINAROS F2N) (KS SEKIFdZAGSR 2t A
usually solid either bulk or packed in bags o Zb kg[18]. Olive stones can be solid for higher prices,
Ay GKS NIyY®S 2F wmpn exi

A specific requirement that legislation impostes to exhausted olive cake and relative fractions used for
non-industrial applications in Greece is that their oil content should not exceed 2% wt on a dry basis
[20].

Other biomass types

Other types of biomasses amount to the remaining 0.17% of biomass consumption for space heating
in the residential sector7]. There are no published statistics about the exact types of these materials,
but it is estimated that most of them are aghodustrial residues.

Nut shells are probably the most importanich residues for the domestic sector. From these, almond
shells are the most prevalent. In 2013, the production of almonds in Greece amounted to 20,250 t
[21]. Of these, almost the whole quantity was processed in crushing plants, where almond shells are
produced as a bproduct. The shell is between 5570% by weight of the whole nuR®], which
means that almond shell production in Greece is a in the range of 11,0800 t.
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Walnuts were also produced in significant quantitiz$,880t in 2013). The shell is around 55% of the
nut [22]. However, walnuts are mostly processed manually and there is minimal centralized production
of walnut shells. It is expected that walnut shells either disposed or used in stoves and fireplaces.

Other types of nuts, such as pistachios and walnuts, exhibit lower production levels. Pistachio shells
are produced by a handful of companies in Greece, but with the current production volumes they are
not expected to exceed 500 t on an annual ba2§.[

The market price for nut shells ranges from@@ 1 n 28]k (i @

Peach kernels are produced by peach canneries and juice production plants. In 2014, the amount of
clingstone peaches processed by such pl&8t5,000 t[23]. Peach kernels are about 8% of the weight

of the incoming material, therefore the amount of solid biofuel is estimated to be 30,484.tPeach
kernels were mostlysedby the domestic sector and greenhouses until fairly recently; currently they
are mostly selconsumed by the peach canneries in arde produce thermal energy. Any leftover
quantities that are available on the market are solid in price ranges Qfy6@ 24k (i ®

Cotton ginningesidues and rice husk are other types of amgustrial byproducts that are used for
thermal energy production in Greece; however, they are mostly-csgisumed at their production
sites and not available as fuels in the market.

BIOMASES WITROTENTIAL INTEREST IN GREECE

In this section, we focus on solid biofuels which represent a significant potential energy source in
Greece but which remain currently mostly unexploited. These are divided into the following
categories: a) solid biofuels frothe forestry sector and b) solid biofuels from the agricultural sector.
Solid biofuels originating as agiadustrial residues are already being exploited to a significant degree,
as explained in the previous section or represent a potential that is gatfiant on a national basis
(however, it can be a significant resource on a local level).

For the estimation of biomass potential, the main reference is the biomass supply tool developed by
the S2Biom project2b]. The methodology used for the calculation of the biomass potential is outlined
in detail in a project report46]. S2Biom considers three main types of potential:

1 The technical potential represents the absolute maximum amount of lignocellulosic biomass
than is potential available assuming the absolute minimum of technical constraiiese
include the recovery rate for forest residues and stumps

1 The base potential, which considers also environmental constraints. These take into account
the amount of residues needed to keep the soil organic carbon (SOC) content stable for
agriculturd residues or constraints imposed by site productivity, soil and water protection,
biodiversity, etc. for forest biomass.

1 The userdefined potential which takes into account restraints imposed by current practices

and competing uses.

The S2Biom project pvides projections for the year 2020 which come from different models related
to land use, crop yields, etc.

Forest Biomass
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The forest and other wooded area in Greece account$f689thousand ha; of these 55% relate to
areas available for wood supply. In contrast, the equivalent EU28 percentage is 23]|9&eherally,

the productivity of Greek forests is considered low, in regards to both the standing volume and the
annual increment. Equallpw isthe contribution of the forestry sectorto the Greek GDP2B].

The S2Biom project provides estimations about the biomass potential from the forest sector in Greece.
The types of biomass considered by the study include the following: a) stemwood from final fellings
and thinning of norconifer and conifer trees and b) logging residues from final felling and thinnings
of non-conifer and conifer trees. The methodology for the calculation is basebiamassresource
assessmenhandbook developed ithe BiomassEnergy Europe project [29]. Figure29 and Figure30
present the potential of stemwood and logging residues in Greece for the year 2520 |
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Figure29: Biomass potential from stemwood removal in Greece reported by S2Biom, 2020
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Figure30: Biomass potential from logging residues in Greece refddsy S2Biom, 2020

The total useelefined potential of stemwood, as estimated by S2Biom as 991 an#t4BM for non
O2yAFSNAE FyR O2yAFTSNI (iNBSa NBaLISOGA@Sted Ly O2Y
national sources30] the average roundwood production for the years 2@0R010 is 983 and 295 kt

DM for norconifers and conifers respectively. This indicates tatential for further expansion of

the forest biomass use is mostly related to the utilization of conifer wood. Logging residues can

contribute in total to another 206 kt DM of sustainable biomass potential available for energy
production.

Agricultural Bionass
Utilized Agricultural Land (UAA) in Greece correspondeg8®6.8thousand ha, or about 36.8% of the

total land area. From this area, 37.4% corresponds to arable land, mostly used for cereal production
and 19.1% to permanent crop31]].

In the following paragraphs, an estimation of the biomass potential from the agricultural sector is
presented for three main types of biomass: a) herbacebimmass residues, b) prunings from
permanent plantations and c) energy crops.

Herbaceous biomass residues
Herbaceous biomass residues include straw from cereals, maize stover, sunflower straw and cotton
residue$. The S2Biom project provides estimates fioe potential of all types of straw and maize

Z Cotton residues are actually stalks with a wooden texture, but for convenience they are studied along with the herbaceous
biomass residues.
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stover P6]. The approach is based on the use of Residue to Product Ratios (RPRs) from the literature;
for the base potential, restrictions imposed by the need to maintain the soil organic carbon content
are applied, while for the useatefined potential competing &s of straw for animal feeding and
bedding are imposed.

For the calculation of cotton residues a RPR equal to 2 and a typical moisture content of 45% is
considered 32]. For the base potential, a sustainable extraction rate of 50% is considered, while no
competing uses for his material are reported. Cotton production for the year 2014 is taken from

EUROSTAT(].
H Technical M Base User-defined
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Figure31: Biomass potential from straw and maize stover reported by S2Biom, 2020 and calculated for
cotton residues, 2014

Figure31 summarizes the main results of the biomass potential for straw, maize stover and cotton
stalks. As can be seen, there is a big reduction of the biomass potential for ibsideies when
considering the need to maintain SOC content. Additional limitations are imposed in cereal straw
production from the competing uses.

Overall through, around 1.4 million tons DM of straw and maize stover can be sustainably mobilized,
while another 0.4 million tons DM of cotton stalks residues can be considered available for
bioenergy production.

Prunings from permanent crops
Prunings from permanent crops are a major potential source of woody biomass in Greece.

The S2Biom project calculates the technical potential of prunings usRgsalue to Surface Ratio
(RSR) that was estimated from the EuroPruning projg8t [The RSR differs depending on the tree
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type and whether irrigation is applied.

Another method to calculate the technical potential is the use of Residue to Product Ratios (RPR). In
order to compare the S2Biom results, RPRs values for sevenalctdrastics Greek tree types as
reported in the literature 32] are used along with the fruit yield for the year 2014, as provided by
EUROSTATS]. Figure32 compares the results between the two approaches.

B Technical potential, S2Biom, 2020 MW Technical potential, RPR, 2014
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Figure32: Technical potential from tree prunings in Greece reported by S2Biom, 2020 and calculated
using RPRs for 2014

As can be seen, the two methods are in good agreement for olive tree prunings, while the S2Biom
results are much lower for the other permanent crop typeBr any case, prunings are a major
biomass resource for Greece, with estimations of their technicakgntial ranging from 1.5 to 2.5
million tons DM. This potential is currently mostly underutilized; only larger branghemstly from

olive trees, are used as firewood (see also Sediofthis report). The standard practice for the rest is
either burning in open field fires or mulching and integration in the soil.

The Horizon 2020 uP_running projedd] intends to promote the sustainable use of prunings from
the agricultural sector in several EU countries, including Greece. More information about the potential
of prunings for energy produicin are expected to be generated within the project.

Energy crops
Unused land in Greece can be considered for the cultivation of energy crops for solid biofuels

production. The S2Biom project reports this potential taking into account the land available for energy
crops cultivation without antagonizing food and feed guotion as well as projects about the yields

8 Usually, branches with diameter larger thai7 @m are used as firewood.
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that can be reached by such cro@6[[ The calculation of the base and usksfined potential takes
into account several restrictions, such as the ame of protected areas, areas with high biodiversity
value and high carbon stock, ban on irrigation water use, Eigure 33 presents the potential
estimations of the S2Biom project.

The S2Biom project considers that three herbaceous energy crops are appropriate for the Greek
conditions: miscanthus, switchgrass and giant re@derall, there is little iference between the base

and userdefined potential of energgrop.In total, the energy crop potential in Greece s the range

of 1.1 million tons DM.
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Figure33: Biomass potential from energy crops in Greece reporteglByom, 2020

EXPORTS / IMPORTS OF THE SOLID BIOMASSTEEICE

The exports and imports of energy in Greece are dominated by petroleum products, which amount to
99.5% and 89.1% of the total amount respectivdly EUROSTAT reports imports of solid biofuels
from 2010 onwards ], however accating to FAOSTAT data imports of fuelwood to Greece are
recorded even before that yea]|

According to EUROSTAT, the imports of solid biofu&sdace amounted to 62.1 ktoe in 2012.[For
the same year, FAOSTAI feported wood fuel imports 0219,643 ni (solid volume, underbark).
Additionally, wood pellet imported amounted t80,992t, with the main import countries being
Austria, Romania, Bulgaria, Albania, Serbia and FYR@MBly converting the FAOSTAT values to

41



This project has received funding from the
European Union's Horizon 2020 research and
innovation program under grant agreement No.

BIOMa
sud 691763

ktoe*, the calculated breakdown of solid biofuels imports per fuel type are presented in the following
figure. The percentage referring to other can be attributed to imports of wood briquettes or sunflower
husk pellets for use in industrial applications, greenhouses, etc.

Figure34: Estimated breakdown of solid biofuels imports to Grédec2014

The export of solid biofuels from Greece is much more reduced. EUROSTAT reports total exports
amounting to 1.1 ktoe in 2012]. For the same year, FAOSTA[Irgports the imports 03,351 nd

(solid volume, undrbark) wood fuel and only 670 t of wood pellets, which mostly go to three
neighboring countriesltaly, Bulgaria and Albanid4]. Exports of exhausted olive cake to biomass

power or CHP plants in other European countries are sporadically reported on the news, but no
comprehensive statistical data are available.

4 A solid density of 7259£m‘°’ (as suggested by FAOSTAT) can be applied in order to estimate the wood fuel import and
export quantities in tonsA value of 3.40 and 4.60 kWh/kg is assumed for the LHV of woodfuel and wood pellets respectively.
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