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[IANRIGEISYNAd Renewable energy targets
for 2020

Task 42 Biorefining

Share of 2015 Targets

Primary energy

. 12.5 % 18 % until 2020
consumption
Electricity consumption 32.6 % 40-45 % until 2025
Final energy consumption 13.2 % 14 % until 2020
Heating and cooling '
Final enerev consumption Transport 6 % GHG savings in
Trans ortgy P (incl. electricity) the transport sector by

P 5.3 % biofuels

Source: FNR according AGEE-Stat (February 2016)
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IEA Bioenergy Primary energy
consumption in 2015

Task 42 Biorefining

Nuc[earenergy 14.1%.........................? E ................. Renewables 30.1%
Naturalgas 9.1 % : :

igni -+ Photovoltai 9%
Lignite 23.8 % "~ otovoltaics 5.9

--- Hydropower 3.0 %

Total ** Biomass 7.7%
651.8 TWh (incl. biogenic
waste)

--Wind energy 13.5%

Coal 18.1 % wrrrmreenrvenenens 5 Fee 4.9 % Heating oil, pump storage and other

Source: FNR according AGEB (February 2016) © FNR 2016
Qoo

‘e- THUNEN Country Report Germany




ISP Primary energy production
from renewables in 2015

Task 42 Biorefining

Windenerg'le 16,5% e 4,5% Wasserkraft

------------ 9,8 % Solarenergie

gesamt 3,0 % Geothermie

1.689 P)

Biomasse 58,5 Yo «vrreerrerrreeees f++ 7,8 % biogene AbFille

Quelle: FNR nach ZSW/AGEB (Januar 2017) © FNR 2017
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IEA Bioenergy Renewable energy
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in %

development

25

15 ®

10

- _a®32.6

A T

13.2

2008 2009 2010 2011 2012
Gross electricity Heating and cooling

Source: BMWi, AGEE-Stat (February 2016)

2013 2014 2015

Transport excl. agriculture,
construction, military, incl. railway

© FNR 2016
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Biogas plants

"@- THUNEN

Anlagen installierte elektrische Leistung (GW)
9.000 : 8731 8.861 9.009
8.49
o
=
7.000
6.000 3,0
5.000
4.000 2,0
3.000
2.000 1,0
1.000
0 0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016*
Anlagen -®- installierte elektrische Leistung * Prognose
Quelle: FNR nach Fachverband Biogas e.V. (2016) © FNR 2017

Country Report Germany



IDLWSIYAE Electricity from renewables
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Geothermal energy 0.1 % «»«xeeeeeeeee: presneeneneseesss 19.6 % Photovoltaics

Total

195.9TWh

25.5 % Bioenergy

Wind energy 44.9 % 9.9 % Hydropower

Source: BMWi, AGEE-Stat (February 2016) OFNR 2016
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IEA Bioenergy Heat production from
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solid fuels
(industry)

solid fuels
(trade, commerce
and service)

"@- | THUNEN

Biogenic 17.1 %

Biogenic 6.4 % -

renewables (88% biogenic)

..: . ............................. 3.9% B|0gen|c
solid fuels (CHP/HP)

........................ 1.3 % Biogenic

liquid fuels
------------------------ 11.6 % Biogenic
gaseous fuels

Total 7.5 % Biogenic
155.2 TWh fraction of waste

-------- 5.0 % Solar thermal

energy
BiOgEﬂiC 39.8 % ................
solid fuels
(households) e 7.4 % Geothermal energy,
Environmental heat
Source: BMWi, AGEE-Stat (February 2016) © FNR 2016
Qeo0
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IRy Standards for solid fuels
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Fuel Standard

General requirements DIN EN I1SO 17225-1:2014-09
Wood pellets DIN EN ISO 17225-2:2014-09
Wood briquettes DIN EN ISO 17225-3:2014-09
Wood chips DIN EN IS0 17225-4:2014-09
Firewood DIN EN ISO 17225-5:2014-09
Non-wooden pellets* DIN EN ISO 17225-6:2014-09

Source: Beuth Verlag * stalk-type biomass; fruit biomass; defined and undefined biomass blends
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IEA Bioenergy Pellet boilers installed
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Number

400,000

151,000 - 50 e 265,000

Total

300,000

428,500*
12,500 -
2000004
100,000 | o
0

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016*
Pellet boilers > 50 kW I Pellet boilers < 50 kW B Pellet stoves * outlook

Source: Deutsches Pelletinstitut (2016) © FNR 2016
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ISy Fuel standards in Germany

Task 42 Biorefining

Fuel Standard  Notes

Diesel DIN EN Diesel with up to 7 vol% Biodiesel

(B7) 590 (Status: 04/2014)

Biodiesel DINEN Fatty acid methyl esters (FAME) for diesel engines
(B100) 14214 (Status: 06/2014)

Rapeseed oil fuel for engines suitable for

Rapeseed oil DIN vegetable oils

fuel 51605 (status: 01/2016)

Fuels for engines suitable for vegetable oils
Vegetable oil DIN Vegetable oil
fuel 51623 Requirements and test methods

(Status: 12/2015)

i 0,

Petrol DIN EN Unleaded pegrol with up to 5 vol% ethanol or
E5) 228 rather 15 vol% ETBE

(Status: 10/2014)
Petrol DIN EN Petrol E 10 - with up to 10 vol% ethanol
(E10) 228 (Status: 10/2014)
Ethanol DIN EN Ethanol as blend component in petrol

15376 (Status: 12/2014)

—min. 75 to max. 86 vol% ethanol —
Ethanol DIN class A (summer)
(E85) 51625 - min. 70 to 80 vol% ethanol -
class B (winter)

Biomethane must fulfill the standard for natural
Natural gas & DIN EN gas as fuel - a mixture of biomethane and natural
Biomethane 16723-2 | gasispossible in any proportion

(Status: 06/2014)

Source: FNR (July 2016) vol%: Percentage by volume
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IEA Bioenergy

Task 42 Biorefining

Diesel 62.6 %
34,611,500t

Natural gas 0.4 % -4

182,000t

------------------------

Total
56 mt

427,000t

in 2015

preneees Biofuel

........ 31.4 % Petrol

Source: FNR, according to BAFA, Destatis, DVFG, BMF (July 2016)

"@- THUNEN

: 17,058,200t
0.8 % Liquefied petroleum gas (LPG)

Transport fuel consumption

4.8 %

-+ Biomethane 0.1%
35,000t

-+ Bioethanol 1.3%
1,173,400 t

-+ Hydrogenated 0.6 %
vegetable oils
(HVO)*
340,000t

-- Biodiesel 2.8%
1,808,400t

+Vegetable oil  <0.1%
2,000t

* Data base: HVO consumption 2014
Percentages in relation to enerqgy content

Country Report Germany

© FNR 2016
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IRy Renewable energy in the

Task 42 Biorefining

transport sector in 2015

Electricity consumption 11 %o «--veeeevreeeenen, LR PRI ST EL R LR SR RL 2 % Biomethane
Transport sector* : :

.................... 25 9% Bioethanol

Total
34.3 TWh

Biodiesel 62 Y «----+--+e++ <1 % Vegetable oil

*mainly RES share railway

Source: FNR according AGEE-Stat (February 2016) © FNR 2016
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IEA Bioenergy Development of pure
Task 42 Biorefining biOfU e| sales

in 1,000t

2,500 16 % : b 55 %

2,000 ‘

12,100
in 2015

1,500

1,000 .

500
—— .

2007 2008 2009 2010 2011 2012 2013 2014 2015
Biodiesel (pure fuel) I E85 (Share of bioethanol (70-90 %) Bl Vegetable oil

Source: FNR according BAFA (July 2016) ©FNR 2016
Qo0
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ISP Development of biodiesel
production and sales

Task 42 Biorefining
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Country Report Germany

in1,000t
2000 e
4,000
3,500 =
3,000 =
2,500 =& = = § §
2,000 |9 g 8 i -
Ethaad | ~ ~ .
1,500
1,000
2001
__ 0
2007 2008 2009 2010 2011 2012 2013 2014 2015
I Capacity Production I Sales
Source: Ufop, VDB, BAFA, BMF, FNR (August 2016) © FNR 2016
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IEA Bioenergy Greenhouse gas (GHG)
emission reduction

Task 42 Biorefining

GHG reduction (m t CO, equiv.) Total: 167.5m t

|
—u

Electricity

Heat

Fuels 4.9 thereof 65.9 mt or 39.3 % from biomass

0 10 20 30 40 50 60 70 80 9 100 110 120 130

Il Hydropower &8 Wind energy Photovoltaics B Biomass
Solarthermalenergy M Geothermal energy
GHG: Greenhouse gas

Source: BMWi, AGEE-Stat (February 2016) © FNR 2016
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1Ay Material use in the chemical
iIndustry in 2015

Task 42 Biorefining

fossil raw materials 87 % ++vxrreeeeee : i 13 % biogenic raw materials
17.5 Milion t : :
total
20.0 Milion t
Source: FNR, VCI (2016) © FNR 2017
Qoo
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[IDARISiEsyd Renewable raw materials in
Task 42 Biorefining the chemical industry

grease and 0il 45 % «-cceveennnnen. P P P P TPRrES 8%Strength
1,145.000 t : : 214,000 t
............................... 6 % sugar

144,000 t

""" 15 % chemical pulp
386,000 t

‘ ............. 5 % proteins

144,000 t

total
2.535 milion t

.................... 21 % others
532,000t

Source: FNR, BMEL (2016) © FNR 2017
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IEA Bioenergy

Task 42 Biorefining

72,000 t

Cork 5%
32,500t

Natural rubber 37 %
218,000 t

Source: FNR, BMEL (2016)

"@- | THUNEN

Another 12 % ===+

Use of other biogenic raw
materials in 2015

oooooooo

15 % Waxes & resins, tanning agents

91,600 t
total
596 000 T 5 31% Glycerin
’ 181,900 t
© FNR 2017
Country Report Germany 21




[IDARIEEead Biomass use for industry
and bioenergy

CULTIVATION OF RENEWABLE RESOURCES IN GERMANY 2014-2016 (IN HECTARES)

Task 42 Biorefining

Plants Feedstock 2014 2015* 2016**
Industrial starch 106,000 108,500 108,000
Industrial sugar 12,500 15,000 16,000
@ Technical rapeseed oil 115,500 129,000 122,500
T% Technical sunflower oil 6,000 6,500 6,000
é Technical linseed oil 3,500 3,500 3,500
E Plant fibres 1,000 1,500 1,500
Plant-based drugs and dyes 12,000 12,000 12,000
Industrial crops total 256,500 276,000 269,500
Rapeseed oil for biodiesel/vegetable oil 798,500 800,000 760,000
" Crops for bioethanol 188,000 | 200,000 | 200,000
S
‘% Crops for biogas 1,353,500 1,400,000 1,450,000
E (Cgig?sfaf?;1zzltngsgfsmiscanthus) 10200 13000 He
Energy crops total 2,350,500 2,411,000 2,421,000
Total acreage of renewable resources 2,607,000 2,687,000 2,690,500
Source: FNR (2017) “preliminary values “*estimated values
[ X
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IEA Bioenergy Area demand for
Task 42 Biorefining agricultural biomass

in 1,000 hectares

L 11
2,750
2,500
2,250 = === = e e e —mmm o 108 Industrial starch
) 16 Industrial sugar
7 110/ PR Solid fuels 11 132 Vegetable oil
1.5 Plant fibres
1,750 == = e e e e e 12 Plant-based drugs and dye
1,500 - - - - - -
1,250 -;""
[ Biogas 1,450 — 2 ) 6 9 0 ° 5 — 760 Biodiesel/
1,000 e vegetable oil
750 P 269.5 inoustriaL crops LuzieileR

w0 @ 2,427 enroy crops

)
250 \Bioethanol 200

0 2005 2006 2007 2008 2009 2010 20Mm 2012 2013 2014 2015 2016*

Source: FHR (2017); © MNR 2017
* @
Q-
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IEA Bioenergy Employment in the

Task 42 Biorefining

bioeconomy

pharmaceutical industry 1 % -« «ccceeeenenns el 73 % agriculture

chemical industry 1% --

Paper industry 5% «-ceeceveeennne

wood industry 10 %

textiles 6 % s sesesssessses total
1.7 Milion t
bioenergy 1% . ........... =
biofuels 0,2% «««««::-et
forestry 4 % - ««cveceeeeeest
* excluding food, beverages and tobaco
Source: Piotrowski et al., European Bioeconomy in Figures, www.bio-based.eu/markets (2016) © FNR 2016
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IEA Bioenergy Turnover of renewable
energy

Task 42 Biorefining

Biomass 50,5 %b+sesessensssses : .-+ 6.1 % Geothermal energy,
(electricity & heat) : Environmental heat

7.5bn€ 0.9bn€

Total --+13.0 % Wind energy
14.7bn € 1.9bn €

\ ------- 1.8 % Hydropower

0.3bn€
---------- 9.6 % Photovoltaics
1.4bn€

Biomass 17.4 Yo - voevveveeeceoecs!

(fuels) Beeeaiieann 1.6 % Solar thermal energy

2.6bn€ 0.2bn€

Source: BMWi, AGEE-Stat (February 2016) © FNR 2016
Qoo
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IR Sl eyl Information available in English
Task 42 Biorefining

biopolymernetzwerk.fnr.de -
PRODUCTS MADE S=
OF BIO-BASED BIOENERGY IN GERMANY BIOPLASTICS
MATERIALS FACTS AND FIGURES 2016
Recycling and reutilisation

PLANTS AND CROPS
RAW MATERIALS
PRODUCTS

With support from

With support from “4 I Fadars Wity

BIOPOLYMER o | Fiery o ke UFNR
NETWORK and Agrcuture (&) FNR e b

Fachagentur Nachwachsende Rohstofie o V.

https://mediathek.fnr.de/broschuren/fremdsprachige-publikationen/english-books.html

Qoo
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IEA Bioenergy
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Companies

www.basf.de

www.beiersdorf.de

www.evonik.de

www.fuchs-
europe.de

www.henkel.de

www.nordzucker.de

Federations/
networks

www.dechema.de

Selected national

stakeholders involved In

the field of biorefining

Research/
Science

www.thuenen.de

Ministries/
Authorities

www.bmel.de

NGOs

www.wwi.de

www.nabu.de

www.staerkeverba www.iinas.de www.bmbf.de

nd.de

WWW.0Vid- WWW.Nova- www.bmu.de

verband.de institute.eu

WWww.Vci.de www.umsicht.fraun www.fnr.de
hofer.de

www.ibbnetzwerk-  www.dbfz.de www.ble.de

gmbh.de
www.vdp-

www.suedzucker.de

online.de

www.biorn.org/de/

www.cbp.fraunhofer

www.umweltbun

-de

www.kit.edu

www.linde-
engineering.com

www.cargill.com

"@- THUNEN

www.bio.nrw.de/en

www.ifeu.de

/home

www.ufop.de

desamt.de

Country Report Germany

www.welthungerhilfe.de

www.brot-fuer-welt.de
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http://www.nordzucker.de/
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http://www.suedzucker.de/
http://www.biorn.org/de/
http://www.kit.edu/
http://www.linde-engineering.com/
http://www.bio.nrw.de/en/home
http://www.ifeu.de/
http://www.cargill.com/
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IEA Bioenergy More info

Task 42 Biorefining

Contact
Heinz Stichnothe

Thinen Institute of Agricultural Technology
Phone no. +49 (0) 531 596-4163
E-mail address heinz.stichnothe@thuenen.de

www.task42.ieabioenergy.com
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