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[TpwTn VAN y&x EUAWON PLOKOVGCLUA
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Evpwnng
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- MwkpoTtepn avénon
oTN HEon VOTLX
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- Mukvotnta Tov
d&ooug dev onuaivel
Kat dla@eopuotnTa
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Forest map of Europe - Source: European Forest Institute, 2011



[TpwTn VAN yla ELAWON PlLOKOVOLU
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Eija Alakangas

Source: E. Alakangas, VTT, Finland



[TpwTn VAN yia ELAWON PlLOKOVOLU
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Technical wood potential in EU-27. Those marked by beige color are less than 20 PJ. (Source: VTT, Finland)



[TpwTn VAN yia ELAWON PlLOKOVOLU

! ! Stem Primary forest By-products Used wood
TO GUVO)\lKO SUVGHLKO wood resgues fl!',o?n forest
’ r industries
glval To oVUVOAO TOU Austria 8104 5735 5 525 1100 20 464
6laeé0lpou: Belgium 668 1012 1638 2 100 5418
Bulgaria 4 262 4072 785 100 9219
Cyprus 19 9 2 100 130
_ K ’ }\ Czech Republic 1272 4 351 3445 700 9768
op HOEU O Denmark 2407 1038 295 1300 5 040
_ I_I provevr’] Estonia 3538 2140 908 200 6 786
, Finland 19 320 23434 14 207 1200 58 161
UTTO }\El|.1|J.O(TO( France 40311 21050 6725 6 300 74 386
Ny Germany 27 749 25903 12 942 8 700 75 294
- YT[OT[pO LOVTA Greece 2012 1076 280 900 4 268
- Xp r] Olp.OT[O lr] pévo Hungary 5908 2 407 505 500 9320
) Ireland 34 883 607 600 2124
EVAO italy 23833 5082 1712 6 200 37727
Latvia 2 106 3409 1987 300 7 802
Lithuania 2 1971 886 300 5274
Luxembourg 213 124 121 0 458
Malta 0 0 0 0 0
Netherlands 704 419 156 2 500 3779
Poland 13 394 14 477 7912 3 500 39 283
Portugal 577 2810 2334 700 6421
Romania 11 683 6 658 2650 1700 22 691
Slovakia 608 2 850 1728 200 5 386
Slovenia 2 699 1370 459 100 4 628
Wood potential in Europe. Spain 6 763 T 220 3995 4 200 22 180
Technical potential in 1000m3 Sweden 10 089 21 506 18 382 1 000 50 977
Source: VTT, Finland United Kingdom 5264 4528 1984 7 500 19 276
EU-27 195 656 166 438 92 164 52 000 506 258

m” is solid cubic meter.



[TpwTN VAN Yl 0TEPEA PLOKOOLUO

MpwTn VAN Meon vypacia  nyn Xpnon

YmoAsippato 15 -50% TIPLOTNPLX OPUHUMATIOMEVO EVAO,

TIpLoTNPiov pellets

2TPOYYUAN EUAsLa 20 — 50% Adon, Tplotnplx OPUHPMATIOPEVO EVAO

Aaoka vrtoAsippata |45 - 55% daaon OPUHPMATIONEVO EVAO

Alapopewon xwpwv | 45 -60% dopeig daxeiplong |©@pUPHATIONEVO EVAO

Tpacivou

SRC 45 - 55% Puteieg OPUHUMATIONEVO EVAO

2TeAEXN 10 - 20% AypoTiKa Movadeg axupou
LUTTOTIPOIOVTX

AANNEG LOPPEG 10-60% AypOoTIK& Movadeg Beppavong

VUTTOTIPOIOVTO

Source: B4B project 2nd brochure



Blokoolpa amto aypOTIKA UTIOAELUMOT

- AypOTIKQ UTTOAELHOTO

KOAALEPYELEG ME OLTNPA KOL

AYPWOTWON

‘OMNo 1O PUTO
Axvpo
21opol
KeAOpn

KouvkovTtowx

Danish Technological Institute



AXVPO WCE TIPWTN VAN YO TIOPAYWYH EVEPYELOC

NUTS Level 2
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Available straw potential in Europe in 1,000 tons. Monforti et
al. (2013)

Technical potential of straw residues in Europe (Bottcher et al. 2010)

_ PJ/a

Austria 6.4
Belgium 5.2
Bulgaria 12
Cyprus 0
Czech Republic 15.8
Denmark 19.3
Estonia 1.8
Finland 89
France 1115
Germany 92.9
Greece 8.7
Hungary 15.7
Ireland a.1
Italy 403
Latvia 3.5
Lithuania 6.6
Luxemburg 04
Malta 0
Netherlands 3.0
Poland 39
Portugal 1.5
Romania 18.7
Slovakia 6
Slovenia 0.5
Spain 74 .4
Sweden 10.5
United Kingdom 52
EU-27 TOTAL 560.4




EvepYElOKEG KOAALEPYELEG WG TIPWTN 137“]
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- QUTA YL TIOPAYWYI) EVEPYELOG
- PoAopida
- MioxavOog
- KoAapu
- ZuAwdn (SRC)
- N\eUKn
-t

-  EukoAumTocg

Aebiom, 2009




[leAsToTOINON
- Metatporn €vog VAIKOU XOMNANG
TIUKVOTNTOG

- Avénon mukvotntoag (axupo: 40
kg/m3 > 750 kg/m3)

- Meiwon damavwyv PETAPOPAC,
anoOnkevong, dltaxeipong

- JUYKEKPLUEVO pEyeOog > debvn
TPOTUTIA

-  OMOLOYEVEG UAIKO 2 aUTOMOTN
dladikaoia

Danish Technological Institute



[MTpopnBeia kat e@oolaouog Plopadag

- Eivauw onpavtikn yuo:
- XtaBepn tpounOelax OAo tO XpOVO
- MpoPAeYn TpWVY
- 2taBepn moloTNTA
- Epmoplo ko cupPaoslg

- XIXEOLOMO KOl GUVTHPNON TOV CLUOTHMATOG OEppavang



Zntnon Blopadog ylo EVEPYELX

Tummika pey£Bn AsiToupyiag yia dia@opa HeYEON Kal €idn HovAdwYV

Heat, or power Biomass fuel R Land area required to
capacity ranges, required produce the biomass
Type of plant for biomass delivery g
and annual hours (oven dry S (% of total within
of operation. tonnes/year) P a given radius).
100 - 250 kW 1 - 3% within 1 km
Small heat 2 000 hr th 40 - 60 3-5/yr LR
250kW, - 1 MW 5 - 10% within 2 km
Large heat 3 5*00 b th 100 - 1200 10-140 / yr endtar
500 kW, - 2 MW, ) ) 1 - 3% within 5 km
Small CHP 4 000 hr 1000 - 5000 150 - 500 / yr Pk
. 5-10 MW, 5 - 10% within 10 km
Medium CHP 5 000 hr 30 000 - 60 000 5-10 / day o
Large power 20 - 30 MW, ) 25 - 50 / day 2 - 5% within 50 km
plant 7 000 hr 90000 - 150000 and night radius

Source: International Energy Agency — Best practice guideline: Bioenergy Project Development Biomass Supply



E@odIaoTIKEG OAUCiIOES OTEPEWYV BIOKAUCIHWY HE BAaon TV TEAIKA XpRon

End-user and average annual
fuel consumption

Households (<50 kWh)

Annual fuel consumption <30 MWh

Farms, large bulldings (<1 MWh)

Annual fuel consumption
<3 GWh)

District heating plants
(<5 MWy, or power plants (<5 MW,,)

Annual fuel consumption
<35 GWh (DH, CHP) or 85 GWh

(power only)

CHP and power plants (>5 MW,)

Annual fuel consumption from
85 GWh to several TWh

Blomass fuel

Wood pellets

Wood briquettes

Wood chips

Log wood

Wood chips from whole trees
or delimbed trees

Straw bales

Wood pellets

Wood chips from forest

residues or whole trees

Straw or energy grass bales

Wood fuels from forest
residues, stumps

Wood or straw pellets

Herbaceous biomass (straw or
energy grasses, like miscanthus

and reed canary grass)

Olive residues

Quality requirements

Good mechanical durability

Low ash content

Low ash content, packaged

Low moisture content, < 35w-%
Low moisture content, 15-20 w-%

Low moisture content, less than 35 w-%

High quality bales, low moisture
content (< 18 w-%)

Good mechanical durability
Low ash content

Moisture content usually less
than 40 w-%

Moisture content, less 20 w-%

Boiler and handling equipment
based requirements

Boiler and handling equipment
based requirements

Big bales, moisture content less
than 20 w-%

Boiler and handling equipment
based requirements

Technology for energy
conversion

Pellet boilers

Pellet stoves

Stoves and fireplaces

Stoker boiler

Stoves and fireplaces, boilers

Stoker burners
Grate firing

Grate combustion,
also whole bales
Pellet boilers
Stoker boilers

Grate combustion

Fluidised bed combustion
Gasification

Cigar combustion

Crate combustion, also whole bales

Usually cofiring with coal or peat
Fluidised bed combustion
Gasification

Cofiring with coal

Pulverised combustion

Cigar combustion

Grate combustion

Fluidised bed combustion
Cofiring with coal

Grate firing

Cofiring with coal in fluidised bed boiler

Source: E. Alakangas, VTT, Finland - EUBIONET Il project



EpodiaoTikr) aAvoidoa Blopadoag

- KoaAAgpyela
- ZUYKOMLON
- ZRpovaon
- Mposmeéepyaoia
- PoOpTWON, EKPOPTWON
- MeTtagopa
- MKpwV ATTOGTAGEWV
- MeydAwv amootaoswv
- amoOnkevon
- Evdlapeon
- Makpag dlapkeLlaG



EpodlaoTtikn alvaida Blopadoag

Feedstock source

Rotter and Rohrhofer (2013)

Energy carrier logistics



"lapayovTteg KOoToug NG TtpopnBetacg Plopadog

Country
Code

BE
SE
DK
FR
LU
NL
DE
I
AT
IE
T
ES
UK
cyY
GR
SI
PT
MT
cz
SK
EE
HU
PL
LV
LT
RO
BG
CH

Index for

Belgium
Sweden
Denmark
France
Luxembourg
Netherlands
Germany
Finland
Austria
Irland

Italy

Spain

Great Britain
Cyprus
Greece
Slovenia
Portugal
Malta
Czech Rep.
Slovakia
Estonia
Hungary
Poland
Latvia
Lithuania
Romania
Bulgaria
Switzerland |

Gross hourly wage

(EUR/h)

39.3
391
38.9
34.2
33.7
3744
30.1
29.7
29D
27.4
26.7
20.6
20.1
16.5
16.4
14.4
121
11.9
10.5

8.4

8.1

7.6

721

5.9

5.5

4.5

3:5
41.9

Labour costs

Social security contribution
ratio (% of gross hourly wage)

47%
52%
15%
50%
15%
30%
28%
28%
37%
18%
41%
37%
16%
21%
29%
17%
26%
10%
37%
36%
37%
34%
20%
27%
40%
31%
19%
20%

Total hourly
wage (EUR/h)

57.8
59.4
44.7
51.3
38.8
40.4
38.5
38.0
40.0
32.3
37.6
28.2
23.3
20.0
21.2
16.8
15.2
13.1
14.4
11.4
11.1
10.2

8.5

75

Z.7

59

4.2
50.3

Labor costs
index

1.44
1.49
142
1.28
0.97
1.01
0.96
0.95
1.00
0.81
0.94
0.71
0.58
0.50
0.53
0.42
0.38
0.33
0.36
0.29
0.28
0.25
0.21
0.19
0.19
0.15
0.10
1.26

Fuel costs
Diesel fl..lel Eadl cosk
gross price -

(EUR/) index
1.42 1.00
1.67 1.19
1.48 1.05
1.37 0.97
1.26 0.89
1.47 1.04
1.50 1.07
1.55 1.10
1.41 1.00
1.58 1.12
.71 1.21
1.36 0.96
1.73 1.23
1.34 0.95
1.44 1.02
1.40 0.99
1.45 1.03
1.40 0.99
1.43 1.01
1.44 1.02
1.40 0.99
1.52 1.08
1.36 0.96
1.38 0.98
1.32 0.94
1.33 0.94
1.31 0.93
1.62 1.15

Vehicle investment costs

Index by salesexpert  Investment
(100 =Mean in Europe) cost index
103 1.00
108 1.05
106 1.03
97 0.94
103 1.00
106 1.03
99 0.96
108 1.05
103 1.00
105 1.02
107 1.04
89 0.86
100 0.97
86 0.83
89 0.86
105 1.02
105 1.02
89 0.86
109 1.06
109 1.06
91 0.88
109 1.06
91 0.88
91 0.88
91 0.88
109 1.06
109 1.06
109 1.06

Rotter and Rohrhofer (2013)




EpodlaoTtikn aruaida EuAwdoug Bropadlag
7 »

Manual harvesting

Chopping and splitting o . .

. of firewood ) Open air drying

“{’_,). " * 2! A 1- 15 loose-m
O &2 : e 2 ol
W% @ N\ n % , TR “. it gl o
74 &\ / L 4 gt e
N Y R e : , B SR e
s iiﬁf - To— HL,,.,&‘E???‘ -

¥ Forwarding
oy of delimbed stems v /
Artificial drying
Mechanised
harvesting

Cold air or thermal
drying

Supply chain for firewood. Source: VIT




EpodlaoTikr) aAvoidoa EuAwdoug Bropadlog -
cEOTIALOUOC

Chainsaw

purchase cost: 500-900 €
productivity in high forest:

1-1.2 solid m3/h (thinning)

2-2.5 solid m3/h (main felling)
productivity in coppice:

0.4-0.7 stacked m3/h (average cond.)
0.8-1.8 stacked m*/h (good cond.)
fuel consumption per hour:

0.6-1 | (petrol and oil mixture)
hourly cost: =~ 18-20 €

Tractor and winch

tractor purchase cost: 45,000-60,000 €
winch purchase cost: 3000-4200 €
productivity in high forest: 2.5-6 solid m3/h
productivity in coppice: 3-7 stacked m3/h
fuel consumption per hour: 4-9 |

hourly cost: = 45-50 € (2 operators)

Tractor and trailer

tractor purchase cost: 45,000-60,000 €
trailer purchase cost: 8,000-25,000 €
loading capacity: 5-15 t

productivity: 5-12 solid m3/h
(depending on hauling distance)

fuel consumption per hour: 5-10 |
hourly cost: =~ 40-50 €

Woodfuels Handbook, Aebiom, 2009



EpodlaoTikr) aAvoida EuAwdoug Popadlog -
£EOTIALOUOC

Cable crane with mobile tower yarder
light

purchase cost: 40000-120,000 €
max traction power: 2,000 daN
productivity: 3-6 solid m3/h

fuel hourly consumption: 5-6 |
hourly cost: =~ 25-40 €

medium

purchase cost: 100,000-220,000 €
max traction power: 5000 daN
productivity: 3-12 solid m3/h

fuel consumption per hour: 6-10 |
hourly cost: = 40-80 €

Harvester
purchase cost: 300,000-370,000 €
max cutting diameter: 65-70 cm
max delimbing diameter: 45-60 cm
max negotiable slope: 35% (wheels)

60% (tracks)
(with optimal soil bearing capacity)
productivity in high forest: 8-20 solid m3/h
fuel consumption per hour: 11-16 |
hourly cost: =~ 90-120 €

Forwarder

purchase cost: 180,000 - 270,000 €
loading capacity: 10 - 14 t

max negotiable slope: 30 - 35%
logs length: up to 6 m
productivity: 12-20 solid m3/h
(depending on hauling distance) Woodfuels Handbook, Aebiom, 2009
fuel consumption per hour: 7-11 |

hourly cost: =~ 65 - 80 €




EpodlaoTikr) aAvoida EuAwdoug Popadlog -

eEOTIALOOC

Hybrid harvester

purchase cost: 240,000 €

max cutting diameter: 55 cm

max delimbing diameter: 50 cm
max negotiable slope: 45-50%
productivity: 10-15 solid m3/h
fuel consumption per hour: 10-12 |
hourly cost: =~ 80 €

Skidder

purchase cost: 120,000 — 150,000 €
skidding capacity: up to 3 t

max negotiable slope: 20%
productivity: 8 - 12 solid m3/h
(depending on hauling distance)
fuel consumption per hour: 6-10 |
hourly cost: = 55 - 65 €

Tractor-mounted processor
tractor purchase cost: 30,000 €
processor purchase cost: 45,000 €
max cutting diameter: 48 cm
max delimbing diameter: 40 cm
productivity: 10-15 solid m3/h
fuel consumption per hour: 4-5 |
hourly cost: =~ 35 €

- - | oy s
Francescato V, et al. Wood fuels handbook. AIEL, Italien
Agriforestry Energy Association, 2008




EpodlaoTikr) aAvoida EuAwdoug Popadlog -

c€ENTAIO110C

Excavator-based processor
excavator purchase cost: 170,000 €
processor purchase cost: 60,000 €
max cutting diameter: 65 cm

max delimbing diameter: 60 cm
productivity: 15-40 solid m3/h

fuel consumption per hour:15-17 |
hourly cost: = 85 €

Chipper

small power

purchase cost: 3,500-35,000 €
working diameter: max 20 cm
productivity: 2-3 t/h

fuel consumption per hour: 5-8 |
medium power

purchase cost: 15,000-75,000 €
working diameter: max 30 cm
productivity: 4-7 t/h

fuel consumption per hour: 10-14 |
high power

purchase cost: 31,000-250,000 €
working diameter: > 30 cm
productivity: 13-20 t/h

fuel consumption per hour: 34-38 |
hourly cost: =~ 150-190 €

Woodfuels Handbook, Aebiom, 2009



EpodlaoTikn aAvoida EuAwdoug Bopadlog -

13923 0. laillaYe
Saw wood

purchase cost: 600-2,000 €

working diameter: 14-25 cm

Split wood

purchase cost: 1,500-14,000 €
working log length: 0.3-4 m
Combined (saw-split wood)
purchase cost: 7,000-70,000 €
working diameter: 25-60 cm

working log length: 2-6 m

hourly cost: = 70-150 €

Truck and trailer (log transport)
truck purchase cost: 110,000-150,000 €
trailer purchase cost: 20,000-30,000 €
loading capacity: 18-20 t

fuel consumption: 2.5-3.5 km/I
hourly cost: =~ 60-75 €

Truck and trailer (wood chips transport)
truck purchase cost: 100,000-115,000 €
trailer purchase cost: 45,000 €

loading capacity: 20-22 t (85-90 bulk m?)
fuel consumption: 2.5-3.5 km/I

hourly cost: ~ 65-70 €
with clamshell bucket loader

purchase cost: 205,000 €
loading capacity: 81 bulk m?
hourly cost: = 70-75 €

Woodfuels Handbook, Aebiom, 2009



EpodlaoTikr aAucida dxupou

Loading in the field.

wh |
Storing at the farm (outside/inside)
Transport to the famVplant Unloading at the farm ‘

Storing at the district Crane transport to the boiler
heating plant

Danish Technological Institute



aALCLOa AXYLPOU

J\

EpodlaoTik

2.UYKOUION

Alaxeipion

AgpaTotroinon

Danish Technological Institute



EpodlaoTikr aAucida dxupou

DopTWOoN / EKPOPTWON

MeTagpopd yia atrofnkeuon

AtroBnkeuon / kaAuywn

— r
s> - -
LT TP

- Danish Technological Institute



EpodlaoTikr aAucida dxupou

TeNIKN METAPOPA

ExpopTwon / ammrobrkeuon

Danish Technological Institute



Max. cargo space /

MeTtapopa

Vehicle-trailer combination Feedstock type

payload

Wheat straw and
Farm tractor and (two) tippers 70m3/21.4t
wood chips
Farm tractor and platform trailer Wheat straw 89m3/18t
Farm tractor and hook lift trailer for
Wood chips 40m3 /23t
roll-off containers
Wheat straw and
Truck and drawbar trailer 115m3 /25t
wood chips
Truck and drawbar/hook lift trailer
Wood chips 60m3/26t
for roll-off containers

Rotter and Rohrhofer (2013)



dopTwOn /

EKPOPTWON

Front-end loaders (farm tractor)

Telescopic handler

Forklift truck

Gantry crane

Rotter and Rohrhofer (2013)



AttoBnkevon

Storage locations (biomass logistics) Square bales Wood chips

Piles/roadside landing

2 | Intermediate depot

3 | Decentral conversion plant

Rotter and Rohrhofer (2013)



AcpaAsla TtpopnBeLag

2uppoAalomoinon
- 2upPaosig mpopRBelag dtacpaiifouv
- 'Eykoupn mtpopnOsia
- Mowdtnta
- XToOEpOTNTA TIHWV
-  Emotpown ot mepintwon mapaficong tng cVUPaoNG
Xwpog amoOnksvong

- E&ooppomnon peTta&L TNG Ao@PAAELNG EQOSLATHOU KOL TOU KOG TOUG
eTEVOLONG

- H amoBnkevon Oa mpémel va KAAUTITEL TOUAGXLOTOV TOV EPOSLACUO JUE
KOO pia efdopdada

- 2& TIOAAEG TIEPUTTTWOELG CUVIOTATOL HEYXAVTEPOG XWPOG atoOnKevong ylo va
TIEPLOPLOTEL O APLOUOG TWV HETAPOPWV KOL VO YEQUPWUOEL TTIEPLOSOLG XWPILG
SuvatoTNTA EQOSLAGUOU



‘EAgyxo¢ TToloTNTOC

- [Mpotuna otepewv BlOKALOIUWY

EN 14961: Technical specifications >
- EN 1SO 17225
EN 15234: Quality assurance

Etwkéta EN-plus, EN



MovTteAotoinon




EqpodlaoTikr) aAuoida - TTPOKANGCELG

= AIaOPETIKOI TUMOI
= Enoxikeg peTaPoAeg (noooTnTeC & noloTnTa) -
= Xpovoc anoBnkeuong
= XaunAn nukvoTnTa

Alaxeipion yia va eEac@aAIoTEi...

=  AIaBeoiyoTNTa TNV KATAAANAN OTIYHN
= XTI OWOTEC NOOOTNTEC

= 2TNV KataAAnAn noioTnTa

- 21aBepn, aoPaAnc npopndeia pe NpoBAEWINO (XapnAO) KOOTOC
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