NEDO7Y—2 > 3w 72021

Eﬁlit#—%l

RS DINA A

=3

p

/:\: ODH_iFﬁ.E.

"'/_I_\X I\ FIT%_: JJEZ_T—

2021F3H18H

]

BAIRILF—HHE
HRINEE

Copyright © 2021 Renewable Energy Institute. All Rights Reserved



HADFITHIE FIEYEN T

BEHATH2031FELF. 20FEEOEEHABEN RO 2 HKEMMAEHTL %
® RPSEHIEZ. HoEEW?

(kW) <FITRZEEMFNIACAREBTEDIHB T RA(AMRBEDNDH )>

Homane mARVEBEAR  aRFBAARE QMWEH) AFHAAE QMwElL) —fRAE - BIFYIES
1,800,000
1,600,000
1,400,000
1,200,000
1,000,000
800,000
600,000

400,000

200,000

A R R RRERREEE _
b

O O N A D X 5 0N DD ©
AR A R R R AR I
AT ADT AR AT AR AT ADT AR AR AT DT A

HEe) BAIXRILF—BEERK
Copyright © 2021 Renewable Energy Institute. All Rights Reserved 1



M : #&o D D>DH BFITHIE OLERSTART:

mK~-YEEG : 2000F~205F]
mA—XKM1JJ7OSG : 2003F~155FH
B+ ZXRO : 2002F~204Ff[E (?) . CfD154FMHE

<RLYDNLAIZNF—RBEEDHBFA>

Megawatt elextnisch [MW | Biogas:
feste Biomasze 5 NVY/ Jair

4000 B  Bemessungsleistung Bestand

B angenommener Zubau ab 2015*
00 '01 '02 '03 *04 '05 '06 '07 '08 '09 10 11 *12 '13 '14 *15 *16 17 "18 "19 20 21 22 ‘23 24 °25°26°27 282930 "31 '32 "33 '34"35
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B angenommener Zubau ab 2015

&  Summe der aus dem EEG
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mBio2020plus

o RNAYVEHRNAAIXIF—H= (BBE) N, K VIREME (DBU) 0&EEX
BZzZT T, 2018FEMNSD2HEDEHLI-T7OI I b

0 N\AMAHRAEREE2DDHTTITWG Bio
B5DDRSIEIE

® FERIEER FAYARRN A AT AEMESNES

® FTEICIHU BT MRS EABHYBROES > b

o kDI ) —2ESH - AFEICWIT I EEMS IS0 LRFERR BRI LY —NE

o ESICEREL U foEER

® [ROBE®FIFA

BB B B

Source) Next Kraftwerke (2018)
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m2020%F7RH TBiaAmxEl BKiL
® 2038FEXTIcE THDARREMDESGZE1E
o —%®X (hard coal) : AtLICED K HEBFANDFHES DAL
® Bix (lignite) : RILHUZNDBREHE

B RERRR—F R
® CHPEDOHETHIG (DD, WRIFCHPDHA)
® ARNSEEY. EH, N\AM1ATR, Z0oMEORERE (RIE - RIENDERHR)

BRI @B A+ — L
o CORKEDSOMEE - WEAOYR— M EEFENRE (1081—O8E)

<AREBRE—-FAOETF—R>

Commissioning Date (Old) Commissioning Date after conversion
From To 311222 | 31.12.23 | 31.12.24 | 31.12.25 | 31.12.26 | 31.12.27 | 31.12.28 | 31.12.29
EUR payment per Kilowatt in CHP Plants
31.12.74 0 0 0 0 0 0 0 0
01.01.75 31.12.84 50 50 35 20 ) 0 0 0
01.01.85 31.12.94 225 225 210 195 180 165 150 135
01.01.95 390 390 365 340 315 290 265 240

Source) Germany’s Coal Exit Law, Enviva (2020)
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m1998%F : EHEE - #E (Elwog)
e BEIREBALEEBRE (V+—54)
o E{RHIATIBIFMAENHE

m2003%F : JU—VEBNE

o MEBRIDHLDIX10FE. JJ—2VEBENERIUBEDERZADSDIF13FER (&Ic/\1
AR ADH15FICIER)

20195 : /\A A~ AEBEKE
o FITZMIRTHHEREMICEFAEIC (Effiid11.2ct/kWhic)

<KOV-2BAETORRME(E :BEFENAARR, B:INMMAHR)>

AR Y MKWh HARS Y k/kWh
2MWLELR 16.0 TOOKWLELTF 16.5
2~5MWLLF 15.0 100~500kWLIXF 14.5
5~10MWZELF 13.0 500~1,000kWIXTF 12.5
10MWi& 10.2  1,000kWia 10.3

E) BEMEBICKLZ/NAAHADEBERIE. —F25%7F
HE) AEM (2015) IXINF—EGEEEF LI IBR—A—IANY ZOEEMEENHHIE (FIT) ZFu0lc—
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Drax (2,580MW : #5is - RO&CD) . Lynemouth (420MW : #g5i2 - CfD) . MGT (299MW : #i
i&XCHP - CfD ) D3&Fr

m R (BR/NA A Y R)
o 2019FRIE. 498Fr. 1,064MWDHEEFRIHROFIE D205 E D X1E THREH

<ROMIE T OZEIAM BIRBLMTR >
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J=
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\
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£30
o)) o — o~ ™ < n O ~ @ lo)]
(o0} (o)) o - o~ ™M < n te] ~ @
o o ~— ~— — ~— — ~— — — ~—
o o o o o o o o o o o
™~ ™~ o~ o~ o~ o~ o~ ™~ ™~ ™~ ™~
— Fuelled w— Hydro —|_andfill gas m— Offshore wind
Onshore wind —Sewage gas = Solar PV

Source) Renewable Obligation Annual Report 2019-19, ofgem (2020)
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TWh

50
H | | dH UK
Ibb 4 =1 1 1 1 7'7 —m1 1 U —y bttt i1t T T T T T Tt
- -
—
H -
50
v r YI'I'I'I' YI I I L L T L
2020 2025 2030 2035 204 ( 2045 )
—/) ‘-‘\V‘ Qsie —/ ‘CU(’:: \w[.;ﬂ y
& Manufacturing & Construction = Agriculture
= Electricity supply EEN Non-residential buildings
B Residential buildings A viafion
S Surface transport - - - Avalable supply

Source) The Sixth Carbon Budget The UK path to Net Zero, CCC (2020) 11
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TWh

-50
2020 2025 2030 2035 2040 2045 2050
N Forest residues B crgy crops
= Agriresidues B \Waste wood
C Biomass imports B \\/aste biodiesel, bioethanol
B Biofuel imports B Biogas
£ MSW, C&l (biogenic) . 1 ASW, C & (fossl)

Source) The Sixth Carbon Budget The UK path to Net Zero, CCC (2020) 12



TWh

1F¥VREBORRRFTHE @ EREVES T
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—
t nd j ad pr i Baanced Net He r 1d
141 r L r
Brc due B D5 o
a face fr a- u] BRe @ Waste d o8 o e
ar | OE I 0 a @B ' o8 (m]
| aw - fo

Source) The Sixth Carbon Budget The UK path to Net Zero, CCC (2020)
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Wi A ARIZZED R1L
® H7+4% :FEDraxtth. PinnaclettZEIN(2021F2A8)
® 7XAYUA :Envivattid. Y754 Fz—VHEE2030FEEEEFOAN (20214F2R8)

mBECCS (Bioenergy with Carbon Capture)

® 2020FEMBBR TV N K (ZEET)
® 2030%Z([cDraxttld Carbon Negative Company|c
® HumberitiFDMDKFRTIZPHRAKNFKERE & HICCCSDA VT T ZHETFE

DRAX

H2H SALTEND

‘-— n o CO, STORAGE IN
B = 2 SOUTHERN NORTH SEA
SCUNTHORPE

. HYDROGEN PIPELINE (ILLUSTRATIVE)

. CO, PIPELINE (ILLUSTRATIVE)

Source) Drax (https://www.drax.com/about-us/our-projects/bioenergy-carbon-capture-use-and-storage-beccs/)
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<LULUCFIC & ZGHGHIR(/ V7 ZADEN 1= #EiE )>

20
15
10
5 - -fEFK
()
o
O o
Q.
-10
§ T —(EY
5
-20
-25
o ) - ) o 2 o 0y -
— — g o~ 5] ) < - D
(] o - - o - - - -
o™~ ™~ ~N ™~ o™ ~N ™~ o™
Residual emissions & Broadleaf management & HWP
Agro-forestry and hedges @l Energy crops & shortrotation forestry
= Peatland restoration s Afforestation

— Oytturn / baseline Balanced Net Zero Pathway

Source) The Sixth Carbon Budget The UK path to Net Zero, CCC (2020)
Copyright © 2021 Renewable Energy Institute. All Rights Reserved 15



4 ¥Y X : Land-based solution € aa12r¥-ya

400 ® Imports

300 —m—————m—
m UK forestry, crops &

residues

b B
. I I ,,,,,,,,,, l = UK biogenic waste
0 J T T - - T

1. Poor 2. Middle 3.UK 4.Global 4a, UKBECCS 2016 actual
global road biomass governance hub (approx.)
governance focus & innovation

TWh p/a (primary energy)

Source)Biomass in a low carbon economy, Climate Change Committee (2018)

<2050F RIS F)ARI)>

Land use: Reducing emis

nissions
and preparing for climate chang:e

25 -
® Cropland
20 ® Grassland
w
m Agroforestry &
5 15 hedges
o )
< u Bioenergy
$
= 10
3 m Peatland
restored
5 - ... WForestry
m Settlements

2016 BAU HBP IBF MFL Off-track

Source)Land use: Reducing emissions and preparing for climate change, Climate Change Committee (2018)
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W2015FDETIOYF Y ARHMNCCCLR—hTHSIA
<AFVRIZHFBNAFIRIVF—DRED

Outline phasing for biomass energy in UK

2020s 2030s and 2040s

» Industry (e.g. refining)  » A mix of applications

(off gas grid space » Space heating increasingly with CCS
heating) (potentially heat (bio-power, industry,
» Industrial heat networks and & hydrogen or
» Bio-power (with combined biofuel production)
imported feedstocks) heat & power) » Space heating in
» Biopower some locations

<OHIARRICEDISNSAI RN F—DEFRERET I+ V>

20304 20504F
INAATRILF— 55~85TWh 85~140TWh
(2.8~3.8%) (4.5~6.3%)
B8 (fE7zt) 500~1,200/5t 1,200~2,300 /3t
W T IS 50~120/5ha 100~180/ha

Source) Bioenergy Enabling UK Biomass, Energy Technology Institute (2015)
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mEnergy Crop Scheme® &5
® EXBRD—IREUVUTEBINTWVS (2008FEh 520135 % TEIE)
o HiFS /T L, ERERBIIED > TLWEWEWSEHHEOKRE. 75 DOFBIRBEUTTVS

<IFNVF—EMOERER> <V7VHED#B>

\olume in
Thousand tr;ﬁ:::d
hectares = Miscanthus 800
140 1
@ Short rotation 700
120 coppice
opp 600
100 - “Maize
500
N Sugar beet
80 400
60 = Qilseed rape 300
40 - 7iBarley 200
20 - = \Wheat 100 ! I \
. o LN NN X § N W N

200910 2010/11 201112 2012113 2013/14 201415 201516 2016/17 2017118 2018/19
N Pellets or dust ®  Cereal straw

2012 2013 2014 2015 2016 2017 2018 2019
Source) Crops Grown for Bioenergy in the UK: 2019, DEFRA(2020)
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G Forestry Commission Establishment and é\NING Aty
231 Corstorphine Road / n ~n . % £y y
b lI\{lana'ngént Of Short , T &OTATlON
T—— otation Coppice éOPPICE %S

PRACTICE NOTE t

_BY TAN TUBEY & ALAN ARMSTRONG OF FOREST RESEARCH  SEPTEMBER 2002

SUMMARY

This Practice Note reviews existing knowledge and gives guidance on site selection and prep  pl ion design,

planting, weed coatrol, crop 21 pest 2 and yield for short ion coppice pl ioas of willow and

poplar grown as sources of remewable energy. Comprehensive references are induded should readers require more
information. Applicants to DEFRA's Emergy Crop Scheme should also read Growimg short rotation coppice available from
DEFRA and ADAS offices.

c(‘ng(w( dﬁ?(\ -

[ ——)

SHORT ROTATION

COPPICE WILLOW

BEST PRACTICE DEFRA : e ¥4
sepoment for 4t BEST PRACTICE GUIDELINES »
Environment, For Applicants to DEFRA'S Energy Crops Scheme
GUIDELINES Food & Rural Affairs
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[ | BN

DK IFEHEI(IC

JRCL = ERARC

Carbon emissions mitigation

Short
term

Likely
medium
term

MRS AMIFIAN-MNE LRERA

PorVEHE ELTRRIAIXNF-RNBMERRS

<EUICEITBH[R/ A AT AEIRDIBINAT > a2 DV A7 5% >

Biodiversity & ecosystem's condition assessment |

Neutral / Positive

Medium-Low Risk Medium-High Risk High Risk

—

(10111213
(40

Unlikely
medium

term

Long
term /

Never

Y

Convwersion of primary; old-grow th orest, to plantation
Conwersion of natve naturally regeneratng forest
monoculture pantation

Conwersion of natve naturally
potyculture plantation

Conwersion of natve naturally regenerating rest to other
planted forestmanaged with low intensity

to

regenerating forest to

Source)The use of woody biomass for energy production in the EU, JRC (2021)
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® HBZIE=25PIH LR
® RWE - Amer9 iZO]?Eb\BSEFa‘?I?‘&c‘:“

ISDE+_F0)ﬁ VLTAG'IEE’Eﬁ
® 2019% : HBHOBFEZMDTI. 37177_") 7L
FRAHED TINA AT ADFEHRAEEEREEDEA
ZIRTE
m2020F5H | =R BEZESHRE

® /\A AV R, H-jc')ﬁﬂ'ﬁd)ﬁb\?ﬂJﬁH’ﬂ%%'é'/\“%
THOH, MEDEBEWIE EE. 2FA) 1ol

BORLU TLWKARE
o YTUZIIFIRBICHTI-RAKZRE > REINE
=

o TX)IL¥F—FIAIE., tOFRNSFENFELR
WiEE O—RHR R

Planbureau voor de Leefomgeving

BESCHIKBAARHEID

EN
TOEPASSINGSMOGELIJKHEDEN
VAN DUURZAME BIOMASSA

Beleidsstudie

Bart Strengers en Hans Elzenga
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<BRMEEREOBIFHFRAISOHBEAERE>

%
50
2030 BIF
40 2020 BiR 38
33 34 ——7 VR
—— AT
30
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o ARAL Y
22 )
—— KA
20 9
17 —o— %[
13 “16
14
12
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8B 8888855555855 088888888888
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Hi58:2004~2018 £E (X Eurostat “Share of Energy from Renewable Sources — updated August 27, 2020”
(2020 5£ 9 A 2 BFFR) . 2020 &£ B #R (& European Commission “National Renewable Energy Action Plans
2020”7 (2020 ££ 8 A 26 BF¥m) . 2030 H#RIX European Commission “National Energy and Climate Plans
(NECPs)” ().

HE) BRI XRILF—EE (2020)
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m7Y (RME{TEIZ0O2 5 .,42030)
® 2026FLIE. AHNA T —DFREAEZZIL., YIDEXICHED
BA—ANYUY
® 2035FXTIc. Al - ARMNAZ—DESD Tz —R7 U MNERE
® OQOutof cil¥F v R—y (1E2—0O) &b, RAFZ—IDEZICHEAKS,0001—O% B (35%)

<RAVICEITBIRRE - RiGHBOMMEADAR>

Anteile der Energietrager in Prozent

0% 0%  20%  30%  40%  50%  60%  70%  80%  90%  100%
= Gas?) »Elektro-Warmepumpen =Femwarme w=Strom w=Heizol = Holz/Holzpellets = Sonstige
Source) BDEW(2020 JEntwicklung des Wérmeverbrauchs in Deutschland 24
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mEEE (Heat Fund) TEZEMR &g atig s 12 ADEME

® 2009FEMNSADEMEZBEU T, NI AV AR EBIXRBOFAZXE
o 10FEMT23EI—ODXEICLD, 535007OY 7 hEXE (FHBNIFHI30%)
@ /\1AYXRIF. 1,0607Z vk, 3000570V TV b &XiE AGENCE DE LA

TRANSITION
ECOLOGIQUE

T722ACBITBINIAAROBE>

PPE objective : heat from biomass

_ Objectif
150 TWh chaleur biomasse haut =

169TWh
160 145TWh

140
126TWh

Objectif
bas =
157TWh

120

100

80

60

20

2016 2023 2028

® Domestic heat ® Industry & district heating (low and high objectives) Source) ADEME (2020)
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@ (||| edpopr

2 Bioenergy Retrofits for Europe's Industry m . !AV i‘iii‘ -
IEA Bioenergy

AGENCE DE LA
TRANSITION
ECOLOGIQUE

ExCo86 e-Workshop Summary Paper
for policy makers:
Contribution of sustainable biomass and retrofitting Europe’s industry
bioenergy in INDUSTRY TRANSITIONS with bioenergy

towards a circular economy

November 2019

19-20 October 2020*

Wworkshop orgamzed by IEA Bioenergy, in cellaboration with ADEME

*The werkehop war oniginally cchodaled to be in Lyor (France), but due to COVID- 19 rectrictione it wex
decided to hove an online vortshop

RENEWASLL
ENERGIES
34 VWV HONas) hesting Tedily i Lyon nts www ssitensuvens cony) n “ s T n Y
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s

1990 1995 2000 2005 2010 2015 2020

HE) hW—IRV TS24 DFERICEAT 2/NEER (202143H2H) BREEER

Copyright © 2021 Renewable Energy Institute. All Rights Reserved

NI 3EFP[ 20304 FiF]

| I32A, PANI 20306 FiE]

2030

%@ ARTZL %8 B

~-201-T>

—— A A

—— 45K (#HEA)

- J)I1— (HV)D)

-3

= TPAIIOR (B> -85H)
TN

~o- ML

—&- 1 +45BCH

~- h5EFD

-o-B%

Y (. RMBRCHME. MoT
A —BRANEU RS,
#14,000"/tCO2 (&id
BalohE 1)

27



REBICEL B/ ATADORFER E
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BICEVEZILR EEVIEDINED—A T, N1 AMBDREIDHFEZE
@ —ATC, BEDENLTEHILL. "OBIXREBEITEIL ICIXEFEAIMIS
@ 1XURTIZEIO (HAVUIYADIOR/NNAL ALY /—ILRE) HELERRK

KA I-FLACHITZREMBPAIORBRISRNF—HE>

110

100

M Electricity

m Biofuels

7 Natural gas

= Aviation fuel

TWh

m Heavy fuel oil

Light fuel oil

H Diesel

M Petrol

Source) Energy in Sweden Facts and Figures 2019
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