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Aims

® Greenhouse Gas (GHG) balances of FAME from
various resources have been set in the RED.

® Due to technology and scientific progress it is feasible
that there are several ways to improve the GHG
balances of FAME.

® This Supporting Action aims at analysing the various
options available in improving the GHG balance of
FAME.

®m Assessment of 10 options to improve the GHG
balance of biodiesel.

THE INNOVATION COMPANY
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== 10 Options to improve the GHG balance of
| FAME

1) “Biomethanol” to substitute fossil methanol in FAME production

2) “Bioethanol” to substitute fossil methanol for production of FAEE

3) “CHP residues / Renewable heat & CHP” to provide power&heat
4) “Plant species” increasing biomass weight without effect on oil seed
5) “Bioplastics&chemicals” made from process residues and straw
6) “Advanced agriculture” for N,O-reduction and soil-C accumulation
/) “Organic fertilizer” Use of organic instead of mineral fertilizer

8) “FAME as a fuel” for cultivation, transportation and distribution

9) “Retrofitting multi feedstock” in single feedstock FAME plants
10)“Green electricity from PV plant on site” for FAME production

THE INNOVATION COMPANY
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Approach

¢----»| GHG standard ® GHG standard values from

values in RED

S RED

5
©
£ ey " y
L[ Defniton ® Definition “base cases” using
o ,Base ICases" BAT
= . .
: o ® Specification and analyses of
I P R 5| Analyses of options to improve the GHG
e .
5 ,l, oprons balance of FAME
®
E €-> GHG analyses? | w Database
g ® GHG analyses
% Dt Al > Costanalyses € @ (Cost analyses
2 ® Overall assessment, “Fact
[c v Sheet of options” and
A Assessment and | ____.| Expert/stakeholder lusi
conclusions workshop conclusions

® Expert/stakeholder workshop

1)  Methodology according to RED and using the BioGrace calculation tool
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GHG Emissions Adressed by Options

.................................................................................................

50 - ® no option
40 - w "CHP residues" #3, "Green
electricity" #10
30 - m "advanced agricultural
practices" # 4,6,7; "retrofitting
multi feedstock" #9
20 -
m "biodiesel machinery" #8
10 -
® "biomethanol and bioethanol
(biochemicals)" #1, 2, 5
0 -

rape seed FAME (BIOGRACE) relevant for options 9



feedstock types

Rapeseed
Sunflower
Palm oll

capacities:

® 50,000 t/a
® 100,000 t/a
® 200,000 t/a

European soybean
American soybean
Used cooking oil/animal fat

3 FAME production
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Definition of 14 "base cases’-
characteristics & combinations

Capacit
# Short Name Feedstock | 1’0%0 tI:]
1 Rs-50-BC Rapeseed 50
2 Rs-100-BC Rapeseed 100
3 |[Rs-200-BC Rapeseed 200
4 |Sf-50-BC Sunflower 50
o Sf-100-BC Sunflower 100
6 |Sf-200-BC Sunflower 200
7 F-Sy(am)-100-BC American soybean 100
8 |[F-Sy(am)-200-BC American soybean 200
9 [F-Sy(eu)-100-BC European soybean 100
10 [F-Sy(eu)-200-BC European soybean 200
11 |[F-Po(CH4 capt)-100-BC Palm oil 100
12 |[F-Po(CH4 capt)-200-BC Palm oil 200
13 |[F-Wo-50-BC UCO / animal fat 50
14 |F-Wo0-100-BC UCO / animal fat 100
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Specification of 39 GHG reduction options
Example: “Chemicals” and "Energy supply”

e o o

Improvement option

Rapeseed

50 100 200

American
soybean

100

P?::n;:il New plant uco /
species | animal fat
capt)
100 100 50 100

Short name

5c

3

Succinic acid from straw +

CHP residues
CHP with refined vegetable

X

X

1| Biomethanol
1a Blomethanol from wood ) X F-Rs-100-Op1la
residues as process chemical
. F-Rs-100-Op1lb
1b s‘r‘;'::::acﬂggcoarr straw as X x X F-Sy(am)-100-Op1b
F-Wo0-100-Op1b
1c Biomethanol f_rom glycerol as X F-Rs-100-Op1ic
process chemical
2| Bioethanol
Bioethanol from wheat as
2a process chemical X F-Rs-100-Op2a
b Bioethanol fro_m straw as X F-Rs-100-Op2b
process chemical
5(Bioplastic & -chemicals
SalPharmaglycerol 99.5+ X X F-Rs-100-Op5a

glycerol F-Rs-200-Op5c¢
ENERGY SUPPLY

F-Wo0-100-Op5a
F-Rs-50-Op5c

3bloils+ steam boiler with X F-Rs-200-Op3b
vegetable oils
3 sitlzam boiler with vegetable X F-Rs-200-Op3c
3f|Wood-to-steam boiler X F-Rs-200-Op3f
CHP with distilled glycerol +
co-incineration of FAME
3d distillation residue (BHA) in X F-Wo-50-Op3d
steam boiler
Co-incineration of FAME
o . . F-Wo-50-Op3e
3e distillation residue (BHA) in X X F-Wo-100-Op3e
steam boiler
F-Rs-100-Op10
10| Green electricity X X X X F-Rs-200-Op10

F-Wo0-50-Op10
F-Wo0-100-Op10




\

Z Fraunhofer veesnms BDleDy  RURN))

UMSICHT LIFE

European
Commission

Greenhouse gas emissions of base cases compared
to RED values with background data from BloGrace

Cultlvatlon (eec) o Processmg (ep) m Transport (etd)
Land use change (el) B Soil carbon accumulation (esca) B CO2 capture (eccr + eccs)
m Fuel use (eu)
70 -
60 - 56.9
51.7
50 - 47.9 475 472
436 433
I I I 429 426 402 39.9
40 - I I I 36.9
30 - 279 216 258 257
20 A I I

10 A

Greenhouse gas emissions [g CO,-eq/MJ¢apel
o
F-Rs (BioGrace)
F-Rs-50-BC
F-Rs-100-BC
F-Rs-200-BC
F-Sf (BioGrace)
F-Sf-50-BC
F-Sf-100-BC
F-Sf-200-BC
F-Sy (BioGrace)
F-Sy(am)-100-BC
F-Sy(am)-200-BC
F-Sy(eu)-100-BC
F-Sy(eu)-200-BC
F-Po(CH4 capt)-100-BC e
F-Po(CH4 capt)-200-BC -
F-Wo (BioGrace) _ E
F-Wo0-50-BC _ N
F-Wo-100-BC _ S

F-Po(CH4 capt) (BioGrace)

Rapeseed Sunflower Soybean Palm oil UCO/Animal fat
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GHG emissions of improvement options
“Biomethanol”, “Bioethanol”, f‘BiochemicaIs” ()

Cultivation (eec)

® Transport (etd)
m Soil carbon accumulation (esca)

m Fuel use (eu)

47.5

42.8

42.8

46.0

47.2

Land use ch

46.8

m Processing (ep)

ange (el)

45.2

m CO2 capture (eccr + eccs)

49.4

F-Rs-100-BC

Base case

F-Rs-100-Op1a

Biomethanol
from wood
residues as

process
chemical

F-Rs-100-Op1b

Biomethanol
from straw as
process
chemical

F-Rs-100-Op5a

Pharmaglycerol
99.5+

F-Rs-200-BC

Base case

F-Rs-200-Op2a

|Bioethanol from
wheat as
process
chemical

F-Rs-200-Op2b

|Bioethanol from
straw as
process
chemical

F-Rs-200-Op5c

| Succinic acid
from straw +
glycerol
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FAME production costs of improvement options
“Biomethanol”, “Bioethanol”, “Biochemicals”

Cultivation/Feedstock mProcessing m Co-products revenues m Transport&distribution 0O Totals

1,200 - : )
I |
'enal BN BN BN BN ’ ]
n . -
2 800 - | ! * *
= | 670 670 680 680
< 620 | 650 i i 610 610 | — =
¥ 60049 M — - !
I I
% 400 ' '
72 - 1 1
S | | 260
I |
[ 200 7 1 |
(o] I |
- —-— ] 1
B 0 , . , . ' .
3 - .
| 1
o -200 - . |
a ! '
w -400 - | :
= 1 1
< -600 - ! .
I I
- | !
8 -800 -
o F-Rs-100-BC | F-Rs-100-Op1a|F-Rs-100-Op1b| F-Rs-100-Op1c | F-Rs-100-Op5a| F-Rs-200-BC | F-Rs-200-Op2a | F-Rs-200-Op2b| F-Rs-200-Op5c¢
- Base case Biomethanol Biomethanol Biomethanol |Pharmaglycerol] Base case ioethanol fr ioethanol fr Succinic acid
from wood from straw as [from glycerol a: 99.5+ wheat as straw as from straw +
residues as process process process process glycerol
process chemical chemical chemical chemical
chemical

* Process output is FAEE
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GHG mitigation costs and GHG emission
reduction of selected improvement options

Balanced fertilization (100 kt/a)
Pharmaglycerol 99.5% (100 kt/a)
Wood-to-steam boiler (200 kt/a)
Reduced tillage (100 kt/a)

Crop residue management (100 kt/a)

Complete modification to UCO/animal
fat (80 kt/a)

7. Organic fertilizer (100 kt/a)
8. BHA steam boiler (50 kt/a)
9. BHA steam boiler (100 kt/a)

10. Partial modification to UCO/animal fat
(200 kt/a)

11.FAME in cultivation (100 kt/a)

12.CHP with distilled glycerol + BHA
steam boiler (50 kt/a)

ok wnhNE

GHG emission reduction compared to base case [g CO,-eq/MJeael

Remarks 16
1. improvement options with a GHG reduction
>1 g CO,-eq/MJ
2. feedstock of the base case: rapeseed &
UCO/animal fat
15
12 14
11 1
8+9 T l
. fﬁ‘ 10 H
6
10 20 30 40 50 60 70 8 90 100 110

13. Biomethanol from wood residues as
process chemical (100 kt/a)

14.Biomethanol from straw as process
chemical (100 kt/a)

15. Nitrification inhibitors (100 kt/a)

16. Bioethanol from straw as process
chemical (200 kt/a)
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Key aspects of SWOT analysis (1)

® Biomethanol: Due to economy of scale biomethanol production at the
FAME plant not feasible

® Bioethanol: For FAEE fuel certification is missing according to EN14214

® CHP residues:
® Allinvestigated system are commercial solutions

® FAME processing needs most of the heat on temperature levels above the
temperature level generated by CHP solutions

® New plant species: Production chains for new emerging crops are under
development: demonstration needed and biorefinery approach due to large
set of co-products

® Bioplastic- and biochemical:
® Succinic acid - performed on production scale with a mixture of sugar & glycerol

Pharmaglycerol - well established and offers an alternative usage for glycerol
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Key aspects of SWOT analysis (ll)

Advanced agriculture & organic residues: The current GHG emissions
calculation scheme for biofuels does not support the use of advanced
agricultural practices and some of the investigated options might be
implemented already.

FAME as fuel:
® No adaption of the FAME production process itself needed

® Engines must be adjusted to 100% FAME

Retrofitting:

® Commercial solution

® Implementation depends on the availability of UCO/animal fat.

Green electricity from PV plant on site: Without storage it is not possible
to provide 100% of the electricity needed for FAME processing
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Fact Sheet

Background data
FACT SHEET - Glycerol and FAME distillation residue for GHG emissons|  Cost
: 3 SWOT analysis
process energy supply [9 COz/Mirua] | [@Mbuei
Natumsl 87.% 0.009 STRENGTHS WEAKNESSES
Description * supply of el without burning * Use of electricity and heat from | CHP with distilled glycerol and co-
In this improvement option the foll g possibil to provide ble energy for renevable sources incineration of biodiesel
the pmdumon of b«och:sel are investigated: o y b daries for GHG calculati CHP \mﬂ{ dlsﬂll:_d ngy:..rcl and co- dis_tllhhon residue in a steam
1. Combined heat and power (CHP) with distilled glycerol and co- "“_ t of boiler , e
incineration of FAME distillation residue in steam boiler: glycerol is used residue in a steam boiler * CHP (adapted diesel engine)
to generate electricity for the FAME production (refining and esterification) with * Easy process adaption only in energy technelogy is available, however not
supply field-tested in industry

an adapted CHP engine (~0.4 MW.). Heat is produced by co-firing the bicdiesel
distillation residue for partly substitution of natural gas.
2. Co-incineration of FAME distillation residue in a steam boiler: heat for

* Special fuel bummers for biodiesel | = High glycerol purity needed (10
distillation residue (BHA) are ppm salts), which implies additional

the FAME production is generated by co-firing the bicdiesel distillation residue available and field-tested -s costs and energy demand for
for partly substitution of fossil fuels. Co-inc i of odie pharmaglycerol distillation
| Co-incineration of biodiesel

The influence on the GHG emissi( 7y | distillation residue in steam boiler

of 50,000 and 100,000 tons FAME - = = * Based on biodiesel feedstock only
Ll u m m ar I Z I n g m O S t I m p O rt an t : S
Basic technical and economic ¢ YHREATS
System data - =
o- | CHP with distilled glycerol and co-
et n | incineration of biodiesel
distillation residue in a steam
FATE 3 oo cossy Teas 1 boiler
e ) - 2 poor economics (glycerin
B distillation)
s I l * AF and UCO still accountable to
4 O p I O 1 advanced biofuel share
Sacvey N el
i B e ovazg T envans o= 5 iz aistillation resicue)
s cese S | g s ;:.‘_,::x compared to fossil fuel reference {83.3 g COz-eq/MJrans): Co indncrauun of biodiesel
BN ooer 2
Souce seam coter e = — - residue in steam boiler
. MaMad oo 0wz oo come a0 g' e in GHG emissions g,co*eﬂ/w'“"ﬂ "I"""s 1.4-2.3 * Usage of by product (bicdiesel
Nesrs s mamad | ocaz . . ooms acox o X &/ trane] pHE0-20 distillation residue)
GHG mitigation costs €/t COz-eq] 0 - 140
Corgroou: cnme gicers 80% Masas) | 000 omT o.000 o.co80 ocex GHG savings compared to fossil %] 87 - 89% Crimchislons
Comrocuc 5o of | B MaMsag) | 0034 - - coxme - reference
Souce sevay " CHP with distilled glycerol and co-inci of bicdiesel distillation residue in steam
L g o0 iler
ecresy - ooy o K Y
MaMragl | ocoo m):: * Commercial solution ("off-the-shelf”)
2usies
ATt S = Additional equipment for glycerol distillation necessary, which causes additional
s -::::va IR ARET| e costs and energy demand
Souce mean poviall E ST L2 Reiviull T TN Mgl Dt el P— .
oess |BrA=mmme | rect contribution of by product glycerol
P e Co-incineration of biodiesel distillation residue in steam boiler
oole) res % %
Nenrs gos MMras! 0o oS oo% oox 0011 = Easy implementation
PasiTe T8¢ Ol (D 3T emer ity moe e ur 55 ne Nz "
e b4 s = s - - * Limited GHG reduction potential due to small contribution of energy and heat
L INmoen 12 £ B 13 P demand
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"~ Recommendations for future development
. 0of the RED GHG-calculation methodology

1. Global warming potential of N,O and CH,: actual CO,-eq factors

2. Application of energy allocation:
v' Use of by-products for biorefineries excluded from analyses: e.g. biochemicals, bioplastic
v' straw, crude glycerin = all used co-products
V' Also apply t0: ey, €ccss Eccr

3. GHG emissions of Best Available Technology: BAT emission factors in RED;

4. Actual GHG value of fossil reference:
v’ >83.4g CO,-eq/MJ
v actual calculation&documentation;

5. Emissions from the fuel in use:
v' e, #0include CH, and N,O-emissions from vehicle
v' CO, from fossil methanol in FAME

6. Use of biomethane from the natural gas grid: accordingly to renewable
electricity

/. Manufacture of machinery and equipment; to be included to avoid
“underestimation” (mainly electric and H,-vehicles)

THE INNOVATION COMPANY
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Summary of Results

® Significant GHG reduction In processing
possible if Best Available Technology (BAT) Is
used In processing steps compared to data in
BioGrace

® GHG reduction options
® agriculture: relatively high reduction potential
® processing: relatively low reduction potential

® DOWNLOAD:
https://ec.europa.eu/energy/en/studies

THE INNOVATION COMPANY
20
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Overall assessment of the improvement options
’ based on feasibility and realisation time

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

low Bioethanol

average

Feasibility

© © 0 099 000 00009 0000 08 000 0000000 00008 00000000000 60000000 0000000000600 000000000000 00008 00000000000 E 00O

THE INNOVATION COMPANY Realisation time
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