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POTENTIAL

The techno-economical potential of lignin depends on its
availability, extraction technology, and technical requirements of
the target applications.
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LIGNIN DESCRIPTION

Lignin is a three -dimensional amorphous aromatic polymer composed of a random network of phenylpropane groups.

Three basic structures can be identified: p -hydroxyphenyl (H), guaiacyl (G) and syringyl (S); lignin can occur in a multiplicity
of structures with different percentage values of H/G/S composition and  and by the types of bonds in which these units are
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AVERAGE MOLECULAR WEIGHT AND DISPERSITY INDEX
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TRADITIONAL TECHNICAL LIGNINS
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TECHNICAL LIGNINZ
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LIGNIN THROUGH BIOREFINERIES PROCESSES
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TECHNICAL LIGNINS : \

Ash ‘ Sugars Acids
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Lignin description Sulfur % ‘ % %
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MACRO-CATEGORY

Polymeric Materials

Materials for electrochemical
applications

Carbon Fibres

Activated carbon/biochar

BTX (Benzene, Toluene, Xylenes)

Fuels

Aromatic
ignin
monomers

Mixed organic acids

IEA

PRODUCT

Dispersants

Phenolic resins

Polyurethane

Blends with PE, PP, PET, etc.

Energy storage sistems

Chemicals

Hydrocarbons

Aromatic rich pyr. oil
(petroleum like)
Syngas (CO, H2, CH4)
Quinones
Benzylic aldehydes
Phenols
Aromatic alcohols
Vanillin
Short chain acids, di-acids, -
OH acids

Task 42

SUB-PRODUCT/APPLICATION

Lignin-based Asphalt
Concrete modifier
Drilling muds modifier
Agricultural chemicals
Dyes
Carbon black in battery electrodes
Panels
Plywood, Laminates

Food packaging
Foam

Panels
Coatings
Rubber replacing
Coatings, Plastic
Displays

Additive in electrodes, flow-batteries,
supercapacitors

Agricultural amendment

Solvents, Monomers, Fuels

Automotive fuels (light hydroc.)
Jet-fuels (Alkyl benzene related)

Solvents, Polym. building block

Spice production

Solvents, Polym. building block

. — Bioenergg Biorefining in a circular economy

I Main products from lignin platforms

SECTOR

Building

Oil extraction
Agriculture
Textile, Cosmetic
Automotive
Building, Furnishings
Building, Furnishings
Packaging
Building, Furnishings,
Automotive
Building
Building, Electronic
Apparel
Food, Animal feed, Agriculture
Electronic

Building, automotive

Automotive, Steel repl.
Agriculture

Industry (synthesis, solvents,
etc.), Automotive, Transport

Automotive, Transport
Aircraft, Transport
Refinery products (fuels,
chemicals)

Power production

Industry (synthesis, solvents,
etc.)

Food

Industry (synthesis, solvents,
etc.)

CURRENT LIGNIN
FEEDSTOCK
Lignosulfonates and kraft
(alkali-oxidated)
Lignosulfonates

Lignosulfonates and kraft
(alkali-oxidated)

Kraft, Organosoly, Soda

Kraft, Organosoly, Soda

Kraft, Organosolv, Soda

Lignosulfonates

Kraft, Organosoly, Soda

Lignosulfonates, Kraft,
Organosoly, Soda

Kraft (biomass)

Kraft, Organosolyv, Soda

Kraft, Organosolyv, Soda

Lignosulfonates

Kraft, Organosoly, Soda

TECHNOLOGIES TRL
Blends with Asphalt 5
Almost direct use 5
Almost direct use 5
Almost direct use of a selected 7
molecular weight range
Phenolic unit activation and 8
polymerization
Polyol reactivity improv. and di- 6
isocyanate reaction
Blends 9
Lignosulfonate-functionalized
graphene hydrogels,
Lignosulfonate with single-walled 5
carbon nanotubes and cellulose
hydrogels
Lignin modif. (filaments), blends 5
(PAN, other pol.)
Pyr., Gasification 6-8
Pyrolysis, Hydrothermal treatments,
. : 4-6
Hydrodeoxygenation, Separation
5
Pyr., Gasification, sequential 3
Pyr/HDO 5
9
. . 3-5
HTL (acid and alkali cat), HDO + 5
Separation and Purification 5.7
Technologies 5
Lignin oxidation (Borregaard process) 9
Lignin oxidation process + Sep. In 5
addition, Pur. Technol.
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LIGNIN-DERIVED PRODUCTS
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I Phenolic resins synthesis reaction
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I Current technological status of lignin based phenolic
resins

| Lignin reactive sites are few and hindered (softwoods have more reactive
sites)

| Lignin reactivity can be increased mainly through approaches:
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I Lignin-based phenolic resins market information
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I Main technical features of PF resins vs technical lign
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I Binder less approach

Set-up for the production of panels Ref
Feedstock Process notes (explored ranges or optimized values)
T(1 C) Time (min) P (MPa)
Miscantus Steam temperature explored range: 196E236! C, in the time range: 1E8 min. 130230 1,6818 12 [75]
The optimal pretreatment condition was 203! C for 7,35 min (achieved in [75]). The mechanical properties of the
Miscantus panels at a pressing temperature of 130! C were improved by adding commercial‘in the range of 13,2b 120E170 38 12 [76]
46,8%(w/w_on dry biomass)
Acid impregnation of biomasswith sulfuric acid 0,75%(w/w on dry biomass) and treatment Fenton's reagent and water
Wheat straw peroxide. Pretreatment in a 1500 rpm rotating grooved disk performing pressure (0.5 0.7 MPa)and heating (1708190 203 15 0,5 [77]
! _C)gradients in 3 min
Banana bunch Severity parameter (log R0) of the steam explosion in the range: 3.168%.84 133217 5+5 (two steps) 4814 [78]
Cynara cardunculus Steam temperature _explored range:160E240! C, in the time range: 2,5 12,5 min 190E230 18 4E20 [79]
T Steam temperature explored range:160£240 ! C, for a duration of 2,5£12,5 min. £ommercial alkalife lignin at 15%
Vitis vinifera ) : . . ) : 190E210 3 8E16 [80]
(w/w on dry biomass)improved the mechanical properties but reduced the water absorptien-and the-thickness swelling
T Optimize pretreatment conditions were 218! Cfor 6 min ([80]). Commercial softwood” kraft ligninyat 15%(w/w on dry
Vitis vinifera i . ) 205 4+5 (two steps) 12 [81]
biomass) improved all the main propertles
Set-up for the production of panels
Feedstock Lignin enzymatic activation (explored ranges or optimized values) Ref.
T(1 C) Time (min) P (MPa)
Preheating of fibres at 170! Cfor 4 min. Enzymatic treatment : Myceliophtera thermophi@4 U/ml per g
. dry fibres) at pH 7 and temp. 60! C (moisture controlled at 55% in a rotary system for 30 min- urther addition
Beecch fibres y_ )atp i P ( " 4 i 200 3,3 0,85 [82]
during the enzymatic treatment of waxes (1% w/w) enhances the water absorbance properties of the panel but
decreasesthe other properties.
Leaf sheath fibre ] ) ) ] ]
bundles from Enzymatic treatment : laccase EC 1.10.3.2 from Aspergillus oryzae in the range of 6E12E24 U/(g of fibre). Fibres
. . suspendedin aqueous solution (5% with laccaseat 30! C, pH5,5 for 1 h. Then fibre bundles were filtered and dried at 190210 1+7 (two steps) 8E16 [83]
commercial plantain
40! Cfor 24 h and thermo-pressed
plants
. Enzyme: Commercial laccase (100 U/ml per 1 g dry fibres); Lignin added: Calcium-Ligninsulfonate (6%referred to 1
Wood fibres (80% y ] i ( P ) gdy )i Lig - ] g_ ) ) (6%
Spruce. 20% Fir) kg dry fibres); Mediators (for the enzymatic electron transfer) : caffeic acid or vanillic acid (10 mM per 1 g dry 190 2 n.d. [84]
, (o
P fibres) . Theseingredients, incubated with the wood fibres at pH 6 and at room temp for 15850 min.
@ EA Task 42 www.ieabioenergy.com
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I Lignin-based phenolic resins patents information

Main patents selection (among 31 patents selected by keyword on the ORBIT Patents DB) concerning the lignin
applications for phenolic resins published in the last 5 years PAcronyms: L/M (Large industry/Multinational), E/C
(Enterprise/Company), U/RO (Univ./Research Org.), WIPO (World Intellectual Property Organization)
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I Polyurethane synthesis reaction
HO—R,—OH O0=C=N—R,-N=C=0 |_
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| Lignin-based PU material : processes and main PU material charaeteristies -

oS N COOTE - @) .

LO# GUA*, +542)(L"# (0" 5(" RU& Q)Y+ 1B  (")0#*%6+ DB0)-6(".-)0"2"+#6/.64%! S2.(%@"2"+H %' #$'(2*0 )*+& ")3#0 WVW
A*#$0).(%-)0#%+*3+"0"33)(B P6.%-B2"(*Q"&BAMS .(%."(#*'3 A*HS ("3."0# #%HS" 0%22"(0%)-

i EO0#33 0(%33+L"( -I"+"6&**3%0B)+)#"6R 2)#"(*)-
>
S <()+%3%-@*+*+  E@)*-)1*-*#B6' $B&(%Y*- K*,$ -+, +*+0%3# DB.*0)-(".-)0"2"+# /. #% 54 2}#'(*)- &%"3+\t3*#3(%."(#*"3 #*-Z[ WV'X
& [+*#3H Z[OP.%-B2"(*Q"8A*#$DIS ]; ~ D$" 54 .(%&/0#*%B*"-&3)(" +")( #3$"
® 10
C%&)BG*,+*+ J'A $B&(%YBH*#3)@)*-)1-")+& DB*0)- (".-)0"2"+# a NO? GY%A"(-)3#*0.(%."(#*"3 )+& -%A"(#()+3*#*% WcX
0%+&"+3"@#(/0#/(" .%-BZ"(*Q"&A*#$DIS H2OHIC T HE)FHS 0%22"(0%)- 54
70'# R'(%2 1-)0L GY%A*+*+2)(L"# .(*0" "0"33)(B #$" .(" B*33%-/#*%# DB.*0)- (".- N /. #%N[OH e%%8%)#*+ 2)#"(*)- » C$")( 3#("+,#$ RCC WV X
+d/%(T %-B'#$B-"+",-BO%R59e T #$' 1"3# ("3/-#3 )(" $5$'( #$)+ ¢ 22 ! %+3'@"()- 2)#'()-3
)@)*-)1-"A*#$59e3%'-%A R0%22"(0*)54 0%)#*+ J(" *+#$" ()+," MH%
A R'd/)- #YM[[ ,f2%-TP ZH:f22 'T
e 9%-B2"(*Q"8A*#$DIS
SOl 70 GYA*, +*+2)(L"# .(*0" ="0"33)(B )(#*)- (" ? 5%33*1-1-- (".-)0"2"+# N C$")( 3#("+#$ RCCT'##'( %( 0%2.)01-" WVIX
e %-B2"(*Q*YR@*B#"(**0)#*% E00".#)1-"  ("3/-#3 *+ A*#$%+" ("(("& #%0%22"(0%)- )&$"3*@"*
% %( "HS" (O Y+ Th' -*,++ #% ()OH %+’ 2%&™ -* +5+ )+& #$" %S (YA Y )3"& )&$"3*@"3
= "YHHEHS" * +¥+0$)*+34$"("1B  AMHS @)(*%/R**3%0B)+)
3 *+0(")3%+, #3")@)*-)1-"$B&(%YE #B."3 RIST 2"#$B-"+"H
& (%13 &*.$"+B- RISTH
&3 $"Y)2"#$B-"+" RKISTH&
X #%-/"+"RDIST
AN T('HOR'YH(O#'&6  GUA*H2)(L"# .(*0" QY.+ @+ (H(" W2 +# ){".-)0"2"+# al. #% J%(3" )3) 0%)#*+2)#"(*)-H#$" 0%2.)(*3%+ WMK
S A*#$6M62"#$B-6 P .%-B2'(*Q"& A#S$ AMSHS" %*-1)3"& R.%-BISTS4 0%)#*+,C
##(0$B&(%'/0)+T  D3$" "YH#()0#*%B%-@"+B8 1"3.*#" *#3L*%)3" %(*,*+H$" “pBi< 3$%A34#$)# '%( 3%2" .(%."(#*"3 R#$"(2)-
1*9)3"& 3%-@"#3' *3+%4B/3#)*+)1-" 1"$)@*%/(H-2 % (2)#*%+H5B&(%.$%1*0%4

"d)- (%(2)+0"  0$)()0#"(*3#*03AS"+
). *"& %+-)33Ho(A% YR

g IBE-A ;?Sk 12 : iUl www.ieabioenergy.com
loenergy  Biorefining in a circular economy http://task42.ieabioenergy.com




Yo& ( H + & (D H

R

4G %&(&(  18H) *+)$- LHIO+ "1 3) HE&M2+&"R(356 78898 1 &(B?.80$2C,).280)-)(+C/.C+'CD B@D™-.$,&*'( <&+@@)'--),08$2 M%5NICEGE'S-* *@"<* W8S8DDIDD

&(#*+,&%2' 0)**)* -&0,"<$=)> $(# '220),2; 0@%$¢B@)C3GC1"$-C+@,"/'@C $ 0"-)+&+&=)-$+),&$2%* 1&22&F0PH'&(" -$+),&%2 J( +@&&AUX
JAH)(*&"( )P0+&"( <&+@ ."2? ."27?-),&H$+&"(C<&+@CBIJCEL$Y)# 0"4"27-),; +@R&'(&H0+'S* @$,#2"0PS(# +@B56 $0+
L22)()  '2?0"2 9336> +,&"2", L&A $M)#: $*$*"1+L2"0PB@BC 1"$- @$%-)#&/- #)(*&+?2&(+@)$()
0$*+","&2 "1 DD8DR8P'S- !; $(# -)#&/- 0"-.)*&L&2&+E(+@)$() "1
7;KTD8*4UDID8*V3$:
%&'("*/21"($+)* %"<-$,P)+ .,&0) %"< ."2?"2,).2$0)-)(+ 2)=)2,& & V$A&-/-  ,).2$0)-)(+  <&+([L+$&(# $\I6JI 3G 1"$- 9+@)$0+&"(+&-) #)0,)$*)* $* +@WUYDUR
00)**$,? +"#&**"2=R(356: 2&'(&(DYZ ."2?-),&H)# <&+(2&'(&( .),0)(+$)  &(0,)$")*> B@) 0"-.$,&*"'( <&+@+@
BIJ @"-"2""I* &'&# 3G 1"$-  *@"<* L)++), 0"-.,)*&"(
),1",-$(0)*
o L1+ %"<-$,P)+ .,&0) %&'(&(A?.,".228+&"(&N)0)**$,?  VSA&-/- ,).2: UF 9I*)# Bl B@)'#&1&)#H2&'(&O"(+,&L/+)*+" +@)L",-$+&"( "1 ."2?7"24.$*)# \BUX
N 1", +@)"2?-),&H$+&" (> \J6JI 3G1"$- 1&,))*&*+$(+102%$*
S .31+ %"<-$,P)+ .,&0) %&'(&E"#&1&0$+&1(? 2& /)1$0+8&\).280)# /. +"D8& 9/*)# VIJ B@)\J6JI 3G 1"$- $0@&)=)@%*(&1",- 02"*)# 0)22<@"*) WU X
23 &*O)0)Y7*E,7 &(S L&A F)H "2?7"2 1", +@)"27-),&H$+&"(> #&$-)+), &*YKBU- : B@&*".),+? '&=)* +@)."2?-), $ 2'<
* &/0,"*) ", '2?20),"2> #)(*&+? LI+  0"-.)**&"( L @%$=&"/, 0"-.$,$L2) <&+
oy 0"--),0&$2 1"$-* :
gg 1.$1+C %"<-$,P)+ .,&0) %&'(&(-"#&1&0$+&"[? )(H?-$+&(B"+$2 L&4).2$0)-)(+ 9*"?B@)\J6JI 3G 1"$- @%$*-)0@$(&0$2B(# +@),-$2.,".),+&)* WEX
:: 9 1+<""H> )$0+&"(<&+@/(& 1"22"<)#L? &+L$N)#  ."2?"2; 2&'(&( $(# 0"-.$,$L2) <&+@0"--),0&%$2 1"$-* $(# $0@&)=)*+@)5G
o 2&_)1$0+&&($ L& "LE*)#*"?2L)$( 0)22/2"*&0B&0," 4$("1&L,)> /. *+$(#$#*$*$+@),-$2&(*/2$+&(*$+),&$2
o "&2 +78F 9ME VII 1", +@
0 "22-),&H$+&" (>
<O( .$1+CS(#C %"<-$,P)+ .,&0) %&'(&(,) H&**"2/+&"&(."2?"2* & B"+$2&'(&(,).2$0)-)(+ /. +"[L+$&()#\I6JI 3G1"$- +@),-$22%+$L 2+ & EB8ab: D EX
2&'("[21"($H)* 00)**$,? Ug 9."2?-),&H)# <&+@®@IJ>
L'$("™*"2=C "UE(2= 2&'(&(;08( BA.)(*&=) 1))#*+"0R %&'(&(<$* B"+$2"27"2*,).2$0)-)(+ /. +"\J6Jl 3G 1"$-* <)) *?(+@)*&H)#&,)0+2R? )$0+&"("1 +@ WEN
9)+@9$("2> ,)-280) $2-"+ $22"1 )$0+)# <&+@'.?2)() "A&#)9)[c D8F  9."2?-),&H$+&"( <&+(d2&'(&( 127"2e <&+@ VI 90$+$2?2%)#  L?
+@)L"**8R'27"2 0$+$27*)#> VIJ> #&-)+@7?20?02"@)A$()$-&()3)(+$() <$* M# $* L2"<&(

$)(+ : BON"$S- *&'(&1&0$(+@2,"=)# -)0@$(&OSB(H +@),-$=
)Y #) ++@PRE(&E+,/0+,) 9[c O"(+)(+ $(# 0,"*28&(P
NOSHE> S#H &S 1/,+@), &) L2 SHH&( 0)22/2"%)

($("<&*P),*
)."22-).&HMC 1"2=)(+ 1,)) +)$+-)(+ %&'(&(A?.,".22$+&"(&1)0)*$,? 08&4).280)-)(+ /. +" K&;f \J6JI 3G1"$- <@"™) 0"-.)*&"( L)@$=&"/<$* 0"-.$,$L2) WDX
P.$1+C2&'(&(C 122-), &H$+&"(<&+@1J +H+@Y() "1+@P"--),08$2 1"$-* <$* "L+$&()H

$2P$2&()C %"<-$,P)+ .,&0)
20+ &

IEA Task 42
Bioenergg Biorefining in a circular economy

www.ieabioenergy.com
http://task42.ieabioenergy.com



23 o Ty -
I Lignin-based polyurethane market information
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| Lignin-based polyurethane patents information

Main patents selection (among the 26 selected by keyword on the ORBITPatents DB), concerning lignin
applications for polyurethanes in the last five years PAcronyms: L/M (Large industry/Multinational),  U/RO
(Univ./Research Org.), B (Belgium), D (Germany), E (Spain), FIN (Finland), KOR (South Korea), WIPO
(World Intellectual Property Organization)
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I Lignin-based BTX market information

Table 3.22 BTX compound 2018 EU market data (collected from [27) :|:|: Figure 3.11 BTX Market dimensions [86]
G5-$1'18. ;{ EFG'H/61 ,*
<6'€8'%$.;FE <6'€&'%$.0+% + RS
=
TV JKK -
Import Export Import Export %
a A PK-
%]
K#SL#S# 8450 910 9670 1060 09 2
B%&5#%# 140 2100 180 2810 0,8 @ =
o K o
N)1"% 1140 180 1200 200 0,9
QK-
MB&#S 6#1- 1230 4 800 3 1,4 )
I-)- 3330 3160 3020 3010 1,1 QKJP QKLK
m JK'IL m M(6*+'N3, 627/
BNBD2 14290 6354 14870 7083 @ N42/00D/ 7)1 m P, ()*+,'Q(6.8
[27] United Nations Data Retrieval System - http ://data .un.org/
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I Lignin-based BTX production

Lignin depolymerization by thermal processes produces mixed oxygenated aromatic monomers (MOAMON).
HydroDeOxigention (HDO) is necessary to achieve BTX aromatics.

COMPARISON OF TECHNOLOGIES APPLICABLE TO LIENIX PRODUCTION
I"#$%6&' ()$*+,8-./0)1+23.964&5!-67&B86&9+:3&;"$%,":.:859;67&<6&=+3+,"3.289+:38;"$%, "..:&5=9;67&>)#023.?)&=+3+,"3.289$+23. %53

- i Annual operational
Conversion : Total Initial investment Catalyst for the
technology | Feedstock (WBT)/(V\)/"eId* ) _ _costs production of TRL
(two steps) BTX Tdry feed/ | Feed stream - 25 ton/h (estimated costs in million $) MOAMON
1| HTL+ HDO (ngglE Ilii%ﬁigr) <15% < 200 90 Alkaline treatment 5194
2| FP+HDO E?J?(l)rlrlggg) < 10% 135 (pre(}_rleDact)r;?ent) +40 70 No catalysts 6EY
Dry lignin > 135 (pretreatment)# + 40 High amounts of
3| CFP+HDO | hiomass) < 25% (HDO) > 70# zeolites (ZSM-5) 38l
Low amounts of
: > 135 (pretreatment )# + 30 >70# + 5 (RCF- :
4 | RCF + HDO| Dry biomass < 30% (RCEHydMan@) + 40 (HDO) HydMan@) preCIOUI%dcateatl(lzy)StS (Ru, 3B
*Qverall yield (BTX/raw materials)
I HDOcosts for the conversion step of phenols to BTX
# The catalysts overall management costs were not included
@RCHyd-Man: Reductive Catalytic Fractionation (Hydrogen Management)

]=0A<VFG' "V2)P_MA'X_  2GZF'RSZP'PK&R)(LI&IPbCRWG(P*WZHERPK\&PIGa& GIIHG (&X'&' M&PaWGIEP TIRM&P I®a=@0

=05 : VIWIIG( VC VQED[JHIT VAANWEDXEBV<)K&IGE $P*G(&'X)*  1')(LI&I2GZF RSZP'PK&ZPKT))H&RGIGIIKG HPaPRG (&X' &*GTP(LKGI&e)HEPNHG I&PaWG (J
M&PTIRM&PI®a=> 0068&F. =. - #\\_=>>>
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Main catalytic HDOreactions to BTX from the MOAMON czgmponents (adapted from [186])
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I Lignin-based BTX market information
6-'$.:;.'$'1 -1 H#* .-$3.4)% O#(1*

[ 1 ! _*
KB M nuy -/ )O#l 2 +$ $, #3 KB M 8_3all#!C8(lAll_ H"#$%3(3*A
" W44 Po!"*-'1"; 4'+#";&%*
B-3: 2418304 E'-0") N3I( Bog " F&3FHBXED 4"(&I&HBA-3(AHR+
- H ( -
’ >3(25") |E-0") | HI6 I". @dg+"8'-'1&3% P6'%3.&(!-"1 &6
| A = =
DAD N e emag $-" 9GC0 FW=IWe=x)9]UD 8"->'83-183%D
" . 6&*%RY%";";  /A)
|
QKKKK QK fJO "IN @ RPNT F&35"F&38(+1&dt,D ['#1"-&' C%eA5"+
Main players (lignin based BTX)
T CANADA: FP Innovations,
x g‘? e . PATENTSINFO
&% ‘“‘: 3 P g |ndusrrigs, Ligrjol_ “
et 3 e W 14 patents published in the last 5 years.
i v Company, Lignoworks 7 ‘f\ !
B UsA: Anellotech Inc., Virent ff The main conversion technology used is
* [ BELGIUM: BIG-C Cluster 7 . . .
A [l HOLLAND: BoBTY, Wageninger, e’” 4 . catalytic pyrolysis of biomass.
University, BIG-C Cluster : G 'l £ :
I A | * applicants includes ANELLOTECHUSA) and
[[] FINLAND: VTT x ‘\iix | BioBTX (N L)

I"H$%6& ()*+,-%6.)//0%  123'45%)-%2"+*)(3%3)%678%9):;<5%:-%3=+%>(+,%) PP %9()4'<3B%,-4%2+(C;<+BYE-:C0%)?%@):)F-,%,-4%G(,'=) ?+(%828%H BT "MN%OP)*%JK%:--)C,3; C+H B} 4%*()4'<3BO%
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I Biomass (Lignin) depolymerization to intermediates for
the production of fuels

The main conversion technologies include:

b Thermallprocessesstooppoddce dioerudede: Fast pyrolysis (FP),

HydroThermal Liquefaction (HTL),, to produce a biocrude for traditional
petrolchemical refineries

| solvolysis in organic solvents

I Gasificatiomtecsyngass to methanol, dimethyl ether, olefins (gas cleaning is
the major critical step)

IEA Task 42
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'‘DROP-IN’ BIOFUELS:

The key role that co-processing will play
in its production
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I Production of biofuels (IEA Task 39 publications) '
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I Production of biofuels from lignin
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I Biomass (Lignin)-derived biocrude for fuels: market information
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| Patents on bio-fuels (focus on jet-fuels)

Almost 1000 patents on biomass (lignin) -to-fuel conversion have been published in the last five

years. Approximately 400 were published in the last 2 years, and more than 250 were published in
the last year.

Patents selected by keyword (lignin + jet fuel) trough ORBIT Patents DB over the last 5 years

: : Applicant(s) business Pub. |[Patent
Title Applicant(s) PP (5)
and country (acronym) Number date org
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| Carbon fiber (CF) and carbon fiber" reinforced polymers (CFRP)
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CF have high performance characteristics: heat tolerance, high stiffness, great tensile strength, light weight, high
flexibility, and high fatigue resistance
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I Comparison among various lignin based carbon fi ~

1able 3.36 - Main data regarding the CFobtained from various lignin types [262, 267, 269 .
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I Lignin based CF and CFRP main initiatives and
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Lignin based CF patents

Figure 3.25 DAnnual increases, from
2015 to 2021 of the published
patents on the lignin-based carbon
fibres (selected by keyword on ORBIT
patents DB)
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I Lignin based CF patents h

Table 3.37 — Patents, selected by keyword on ORBIT [36] related to the application of lignin based carbon fiber in the
last year. Acronyms: L/M (Large industry/Multinational) E/C (Enterprise/Company), U/RO (University/Research
Organization). CHN (China), KOR (South Korea), F(France) FIN (Finland) S (Sweden), EU (European Union)
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EUROPEAN R&D PROJECTS AND THEMATIC NETWORK
(since 2015)

Lignin valorization represents an opportunity to increase the sustainability of the lignocellulosics
based bioindustry but it is also an important challenge.
Many knowledge networks and projects are dedicated to lignin.

INTERNATIONAL NETWORKS o y e
I iRIOINTERNATIONAL LIGNIN ISTITUTE (1961) I L I w jgu::%é
L R:WM:MOGRKEOa2shsRaH | e
L RWMRa2sF
1 RAM2CNRKS ©lignocosT LIGN@L
L TUNWIM:MWIM' KR'R\WM:M DRNFT2RH
v@ EA Task 42 www.ieabioenergy.com
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EUROPEAN R&D PROJECTS AND THEMATIC NETWORK

(since 2015)
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SWEETWOODS . _ o . SELECTIVELI
Production and deploying of high purity lignin and affordable platform chemicals Conceptual Study of Electrochemical based novel process using Lignosulfonates to
through wood -based sugars! produce bio -based monomers and polymers !

Project overview !

The SWEETWOODS project aims at developing a first -of-a-kind biofractionation
flagship plant in Estonia using sustainable hardwood biomass.  The process combines
innovative pretreatment technology with enzymatic solutions to provide recovery of
sugars at levels of over 90% with exceptionally high -quality lignin. Sugars and lignin SWEETWOO0DS
are further processed and converted into high -value biomaterials capable of replacing - !
fossil-based chemicals in a wide range of products. In particular, dried solid lignin and
depolymerized lignin are demonstrated in novel applications, namely, in elastomer
foams for tube insulation, rigid polyurethane foam panels for insulation, and polymer
compounds intended for injection moulding. In addition, demonstration of the
conversion of high purity sugars into the production of bio -IBN, xylitol, and lactic acid
production are made. !

Project vision !

The SElectiveLi project aims to address the challenge of extracting high -value bio - -
sustainable chemicals from lignin at the lab scale, one of the most important low - . SElectiveli,
cost lignosulfonate feedstocks that is largely available as a by  -product of the pulp ’
and paper industry. More specifically, using electrochemical process, it aims to
produce a range of aldehydes for potential food, adhesive, and pharmaceutical
applications as well as intermediates for conversion into polymers . Some, such as
vanillin, can be used directly while others others are to be used to produce drugs,
chemicals and plastics for everyday applications. !

Project objectives & expected results ! Web site !
SElectiveLiOsobjectives are: https://selectiveli -project.uni -mainz.de
Project objectives & expected impacts ! Web site ! Il to create and preserve jobs in Europe;

SWEETWOODS has six core objectives It targets to: https://sweetwoods.eu/ ! Wi CmeuEsR  §iR UER 6 @ COmimies Project details !
electrochemistry biorefinery system for

" develop_ a new technol_ogy for |nd_ustna| scale 1 st cellaiEeia Type of action Research &
2;0(;[:(53[}?:[\? L:I%Cvz)%lglg Ilgnll)?r;!()).n g with CS and C6 _ _ Il to develop a green and sustainable strategy opening Innovation Action
g 9 ’ Project details ! access to basic chemicals that does not compete with Start date 01 May 2019
use 90% of wood feedstock; - ; food SOUTCes e e et
produce high-purity lignin for a range of novel Type of action IA-Flagship . B
applications; Start date 01 June 2018 A — ; . State OPEN
produce high-purity sugars for novel end -uses; End date 31 May 2023 eﬁ |vet0| Imm;rzv:re.th e eficiency of integrated BBHU ! 2,497,224.00
eStab!iSh markets for i gnin and sugar-based platform State OPEN - biorefineries (by producing higher -value chemicals contribution
32325? Iasn LCA analysis BB”.U i ! 20,959,745.00 at a lower cost using less energy)
SWEETWOODS impactgonsists in: contribution to develop innovative bio -based products for ——
ST Dok Do ety alie cHains‘ !dentlfled markets (aldehydes and derivates for use Consortium!
Il 4 novel bio-based materials in the areas of 0 @I [PeiiEs) ) Johannes GutenbergUniversitat Mainz!
 insulati d elastomeric f injecti Consortium ! to create and accelerate the uptake of bio  -based Sappi Papier Holding GmbH (Austria)
moulding, biofuels and biochemicals: " el andl apliEions, By s [ - Vlaamse Instelling voor Technologisch

moulding, biofuels and biochemicals; Graanul Biotech OT (Estonia)!
80% less waste from the biorefining process. Metgen OY (Finland)( ) basedlpiodUcliolloballmalket Onderzoek NV (Belgium)

Optimizacion Orientada a la
Sostenibilidad SL (Spain)

SINTEF AS (Norway)

Acondicionamiento Terrasense
Asociac’on (Spain)

Life Cycle Engineering srl (Italy)

Chimar (Hellas) AE B Anonymi
Viomichaniki Kai Emporiki Etaireia
(Greece)

Tecnaro Geselleschaft Zur Industriellen
Andwendung Nachwachsender Rohstoffe
MBH (Germany) Uignosulfonate
Recticel NV (Belgium)
Global Bioenergies (France)
2B srl (ltaly)

Soinverse OY(Finland)

Former member ! i ] y )
Vertech Group (France)! . Project coordinator !

! ) T B " Johannes GutenbergUniversitat Mainz!
o I

Project coordinator !
Graanul Biotech Ot (Estonia)!

#8968/ (I'B)'&*(

Contact!

Prof. Dr. Siegfried R. Waldvogel
+49 6131 3926069

"HBY6& (B (M, &+-+($.1/0$1232 I

i ]
i Contact! Project concept !
Project concept Karl Peebo Feedstock origin ! Forest-based !

Feedstock origin | Forest-based (e.g. birch) ! karl.peebo@graanulinvest.com Feedstock type Lignc_)sulfonate feedstock from paper &
Feedstock type  Lignin & wood sugard " pulp_ |lndustry‘! ‘
Target products  Biochemicals, insulation foams, cushions, : Target products  Vanillin, Syringaldehyde, acetovanillone,

anels etc. ! benzoquinones, mixed phenolic derivatives ! 1 1
Plant scale/TRL FndusltriaT/TRL 9 (at the end of the project) ! Plant scale/TRL Laborzgtory scale! . ; wWw.1ea b] oen e rgy’ CO m
ttp://task42.ieabioenergy.com
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OVERALL MARKET

Phenol .
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CONCLUSIONS

JGFIRMNR TNCPRNERS @a@MeiFi2M3t JGFIPMNR'F ERINF>C

I Mandatory targets in terms of increased sustainability and ' Volume of lignin from pulp and paper industry could be
reduction of GHG emissions; reduced in the future

I -Need to increase the biorefineries sustainability and I In the long term, the development of hydrogen based
profitability power system can reduce the use of lignin for fuels

TKFKRI'RI>INRa['ITT2RE>:

Biomass in the future can have many «competing» applications " need to enlarge the current lignin feedstocks availability by
developing novel processes suitable to valorize 1150204 )6(3'82))5650% 4(567 54

"#"'$1%&O)*&M#&+™'l,  :increase the exploitation of the most abbundant technical lignins (kraft and lignosulphonates) for
macromolecules/fuels;

"#'$1%&()*&"),"-".,)*+)/+(0) *"l, :to investigate novel value added applications of lignin; to develop novel biorefinery

* 1+0(.(S2,4 92,.810S +1S+'-562*9 lignins and to prove the feasibility at higher TRL;

W HB &) ), &) %04 (151) 14/01+H0/& 21&3) & Vo & A & )" Hi )3 %. ) &EOYott=#TAFH#I N

"#S"P&' ()" *+,- | 1" #PWE&HEE*+,-(+P)& .+!)-%! (1"/$(0# 12!",/0# 1B 0+P4L2'-(+$4" 1R56/0+$0& ' 2'#"(+,)(1"/$(0# 720&'2
8),2",$40+$50+$)8)2$&+,)'-("DH)N#*1a#'1"I6™*  1(D,9)3#Mo,)-:* 1Q,)/0+$(* 72+H)D:+ ,"O(+$4$¥D#-9SHSS& A" &+*
+/%*+0$101"2(%+'(%!"#$"$%3,/3(,+"(* 4565789:8;5<<5<8%,>?565? @ARBRR<AG::8B C875;D7-B5?@B4895:<?62=R4%.=.@5
5=:.767.F

Need of integrated tecno-economic and environmental assessment to support the development of novel integrated
biorefinieries layouts
R
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