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Task 42
Biorefining in a circular economy

REPORT: Sustainable lignin valorization
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Biorefining in a circular economy

REPORT SCOPE

WHY LIGNIN?
has a lower percentage of oxygen in its structureà it could be more 
easily converted into high energy density chemicals and fuels

MAIN CRITICISMS
biomass recalcitrance and controlled depolymerization of lignin to 
monomeric aromatic chemicals 

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

• Lignin makes up approximately 20–35% of the plant biomass
• The most abundant natural resource of bioaromatics
• The total lignin amount present in the biosphere exceeds 300 

billion tons and increases by approximately 7% every year 
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! LIGNIN DESCRIPTION

! TECHNICAL LIGNINS: TECHNOLOGIES, MAIN CHARACTERISTICS, PRODUCERS

! LIGNIN-DERIVED PRODUCTS

! !"#$%&'()*%+,&'(+#-

! &#&),'").&%()+#*+!!#()+,("/-

! 0,1*20&/3&/&4*,"#5&/&4*1$#&/&6

! 75&#-

! MARKET PERSPECTIVES
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! EUROPEAN R&D PROJECTS AND THEMATIC NETWORKS
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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 
connected.

/89:;<*=:>?:?*@A?98:?B*;8C:ADB*9EF<B*AG*GD?@9:A?8=:9:<BH*)AIIA?*GD?@9:A?8=*>CADFB*:?*=:>?:?*:?@=DJ<*I<9KALE=4*FK<?A=:@4*8=:FK89:@4*KEJCALE=*
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AVERAGE MOLECULAR WEIGHT AND DISPERSITY INDEX

ISO 16014 – 1 : 2003

Parameter

Number-average molecular weight (Mn)

The weight average molecular weight (M! )

The Z-average molecular weight

R*S*%; T%#
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TRADITIONAL TECHNICAL LIGNINS-1
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TECHNICAL LIGNINS-2

:3;')'%;)<(0'(&)6&*%&%7)J<C:;<J*GCAI*?A?aAAJEM:AI8BB*2<H>H4*B9C8a4*BD>8C@8?<4*
M8>8BB<6FC<9C<89I<?98?J*9C<89<J*a:9K*8*K:>K=E*@A?@<?9C89<J*2^V_^U*[6*8]D<ADB*
/8". H*
43553%)."'!2-"+7 @A?J<?B<J*B9CD@9DC<4*8*IAJ<C89<*FDC:9E*a:9K*?A*BD=FKDC4*%;& :?*9K<*
C8?><*AG*`WWW_UWWW*2>*IA=:364*8*C<B:JD8=*8BK*;8=D<*AG*`_Z[4*8?J*8*d".e*FK<?A=:@*;8=D<*:?*
9K<*C8?><*AG*VHW_ZHW[f*BD=GDC:B*8MB<?9*8?J*I<9KALE>CADFB*a:9K*F<C@<?98><B*:?*9K<*
C8?><*AG*^W_^g[*2C<BFA?B:M=<*GAC*:9B*>C<89*DB<*GAC*9K<*BE?9K<B:B*AG*FK<?A=:@*C<B:?B*8?J*
A9K<C*J:GG<C<?9*9EF<B*AG*M:AF=8B9:@*8?J*M:A@AIFAB:9<B6H

>2"#&%'&"()&*''+,-../01)02$.34)343?.@)A102'%B*)<4<3)3<56=3
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LIGNIN THROUGH BIOREFINERIES PROCESSES

=-*'%3+3(>6&*%&%7)M8B<J*A?*9K<*KEJCA9K<CI8=*9C<89I<?9*AG*M:AI8BB*a:9K*8*I:L9DC<*AG*a89<C4*8?*AC>8?:@*BA=;<?9*2I<9K8?A=4*<9K8?A=4*8@<9A?<6*
AC*8*I:L9DC<*8?J*8JJ:9:A?8=*8JJ:9:;<B*2AG9<?*8@:JB6H*

43553%)."'!2-"+7)=Aa*IA=<@D=8C*a<:>K9*2^WWW_UWWW*>*IA=b̂ 6*a:9K*C<=89:;<=E*=Aa*J:BF<CB:9E4*?A*BD=GDC4*8?J*=Aa*8BK*@A?9<?9*2h^[6H)AIF8C<J*9A*
XC8G9*=:>?:?*8?J*=:>?ABD=GA?89<4*:9*:B*IAC<*KEJCAFKAM:@H

:!"'5 "?8(3+&3%7)8@K:<;<J9KCAD>K8*B9<8I*89*K:>K*9<IF<C89DC<*8?J*K:>K*FC<BBDC<4*GA==Aa<J*ME*8*C8F:J*FC<BBDC<*C<=<8B<*9K89*FCAIA9<B*9K<*
MC<8X:?>*AG*9K<*@K<I:@8=*MA?JB*M<9a<<?*=:>?:?4*@<==D=AB<*8?J*K<I:@<==D=AB<H

43553%)."'!2-"+ 7)C<B<IM=<B*9K<*?89:;<*=:>?:?*IAC<*9K8?**A9K<C**9<@K?:@8=*=:>?:?BJD<*9A*9K<*I:=J<C*8FF=:<J*FCA@<BB*@A?J:9:A?BH*(9*@A?98:?B*8*
BD>8C*@A?9<?9*:?*9K<*C8?><*AG*`HZ_i[4*IAJ<C89<T=Aa*<L9C8@9:;<*8?J*BD=GDC:IFDC:9:<BH

<#&;)@A;-3(A+&+)6&*%&%78@K:<;<J*9KCAD>K*8?*KEJCA=EB:B*FCA@<BB**GAC*9K<*B<F8C89:A?*AG*@8CMAKEJC89<B*8?J*=:>?:?*DB:?>*8*J:=D9<*AC*@A?@<?9C89<J*
8@:J4*BD@K*8B*BD=GDC:@*8@:J*8?J*KEJCA@K=AC:@*8@:J48B*@898=EB9B*9K89*@8DB<*J:GG<C<?9*=<;<=*AG*FA=EB8@@8KC:J<BKEJCA=EB:BH*

43553%)."'!2-"+7 %A=<@D=8C*a<:>K9*C8?><*2`WWW_ZWWW*>*IA=:364*=Aa*j*2^HZ_V6*9A*K:>K*j*2i_Y6*;8=D<B4*IAJ<C89<b=Aa*FDC:9E.
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TECHNICAL LIGNINS

Lignin description Sulfur % Ash
%

Sugars
%

OH phenolic
%

Acids
%

Methoxy
% Purity Mw (gmol-1) !

LIGNOSULFONATE5.0 Ð8 4Ð8 n.a. 2.0Ð2.5 4Ð6 ~9 Moderate
Low 1000Ð50000 2.5 Ð7.0

MAIN PRODUCERS
BORREGAARD LIGNOTECH (NO, worldwide), RAYONIER (FR, US, CA), DOMSJO FABRIKER (SE), LA ROCHETTE VENIZEL (FR), NOW SAICA 
(ES), CARTIER BURGO (IT), NIPPON PAPER CHEMICALS (JPN)

KRAFT LIGNIN 1Ð1.7 2Ð6 1Ð2 3Ð5 4Ð6 11Ð14 Moderate 1000Ð5000 2Ð8

MAIN PRODUCERSINGEVITY (EX WESTROCK/MEADWESTVACO) (US), STORA ENSO (FI), DOMTAR (US), WESTFRASER (CAN), UPM IS A GLOBAL LEADER OF THE 
BIO-BASED FOREST INDUSTRY.SUZANO (BR), KLABIN

ALKALI LIGNIN 0Ð1 2Ð5 2Ð4 3Ð5 5Ð14 10Ð19 Moderate 2000Ð6000 2Ð5

MAIN PRODUCERSGREENVALUE SA (CH/ PRODUCTION IN INDIA), NORTHWAY LIGNIN CHEMICAL (CA)

ENZYMATIC/ACID 
HYDROLYSIS 

LIGNIN
0Ð1 1Ð3 0Ð2 3Ð9 6Ð10 ~19 Moderate 2000Ð4500 1.5 Ð3.2

MAIN PRODUCERSAVANTIUM (NL), ST1 (FI), SEKAB (CH)

ORGANOSOLV 0 0Ð0.5 0.5 Ð2 3Ð4 7Ð8 ~15 High 1000Ð6000 1.5 Ð4.4

MAIN PRODUCERSCIMV (FR), FIBRIA/LIGNOL (CA), FORTUM/CHEMPOLIS (FI), FRAUNHOFER/ LEUNA PARK(DE)

STEAM TREATMENT 
(STEAM 

EXPLOSION)
0Ð0.5 5Ð8 2.5 Ð4.0 5Ð7 1Ð5 ~13 Moderate 3500Ð15000 1.4 Ð7.0

MAIN PRODUCERSZEACHEM (US), ENEA (IT), DUPONT (US), VERSALIS/BIOCHEMTEX (IT), GRANUL INVEST (EST), CLARIANT (DE), PRAJ (IND)
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! Main products from lignin platforms
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!" #$%%&'()*(+($*),-)(.&)(&/.',0,12&*)+'3)-$($%&)(%&'3*
4" 563+(&)6+(&'(*),7&%72&8
9" :+%;&()3+(+

! !"#$%&'#()*"#$%+ ,--. /0$$0123456
! 789.&/#2:#2#;.(1$"#2#;.<5$#2#%+ =-./0$$0123456
! >1$5?#6%&@A#21$0B6#%02%;.@1$5"6#(AC2%+ DE./0$$0123456
! FC6/12.*0/#6% G./0$$0123456

>1(#2(0C$H$1/C$.?C6I#(.JC$"#

LIGNIN-DERIVED PRODUCTS
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G units mainly present in Softwood

Phenol reactive sites

! Phenolic resins synthesis reaction
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! Lignin reactive sites are few and hindered (softwoods have more reactive
sites)

! Lignin reactivity can be increased mainly through approaches:

o BA#?0BC$.&?C02$5.?#(A5$1$C(012C2K.@A#21$C(012+! (1.02B6#C%#.(A#.16(A1)@A#21$.
6#CB(0J#.%0(#%

o (A#6?1BA#?0BC$.&0L#L;.?0$K.A5K61H#21$5%0%.C2K.@561$5%0%+! (1.02B6#C%#.(A#.2"?/#6.1*.
@A#21$."20(%.C2K.(1.6#K"B#.%(#60B.A02K6C2B#.

o #2:5?C(0B.&(A61"HA.(A#."%#.1*.$CBBC%#.C2K.1<0KC%#.#2:5?#%+! (1.02B6#C%#.(A#.
6#CB(0J0(5.(A61"HA.(A#.*16?C(012.1*.6CK0BC$.02(#6?#K0C(#%

o (A#6?C$.K#A5K6C(012.1*.6#%0K"C$.%"HC6%.02.$0H202! (1 *16?.02(#62C$.6#CB(0J#.*"6C2%.
C$K#A5K#%

! Current technological status of lignin based phenolic
resins
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! Lignin-based phenolic resins market information
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*2+"J*+"%$1/%2,&&P+4, /,1(*2,.,$+ "$2/,*&,& +%
N@:

!HW /,&"$& -"+4 4"#4
/,1(*2,.,$+ 7@9: ?N@: ; 4*J,
*64,&"J, 1/%1A *$6 +4,/.*(
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+%+4, 4,*+"$#

V,() 2%$6,$&*+"%$,$4*$2,6 5= +4, &'#*/&
".1'/"+",&
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+=1,%)+4, [] &+*$6*/6

3%+?1/,&&,6
5%*/6&

! Main technical features of PF resins vs technical lignins
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Feedstock Process notes
Set-up for the production of panels

(explored ranges or optimized values)
Ref

.
T (! C) Time (min) P (MPa)

Miscantus Steam temperature explored range: 196Ð236 ! C, in the time range: 1Ð8 min. 130Ð230 1,6Ð18 12 [75]

Miscantus
The optimal pretreatment condition was 203 ! C for 7,35 min (achieved in [75]) . The mechanical properties of the

panels at a pressing temperature of 130 ! C were improved by adding commercial Kraft lignin in the range of 13,2Ð

46,8%(w/w on dry biomass)

120Ð170 3Ð8 12 [76]

Wheat straw
Acid impregnation of biomass with sulfuric acid 0,75%(w/w on dry biomass) and treatment Fenton's reagent and water

peroxide. Pretreatment in a 1500 rpm rotating grooved disk performing pressure (0.5 Ð0.7 MPa) and heating (170Ð190

! C) gradients in 3 min

203 1,5 0,5 [77]

Banana bunch Severity parameter (log R0) of the steam explosion in the range: 3.16Ð4.84 133Ð217 5+5 (two steps) 4Ð14 [78]

Cynara cardunculus Steam temperature explored range:160Ð240 ! C, in the time range: 2,5 Ð12,5 min 190Ð230 1Ð9 4Ð20 [79]

Vitis vinifera
Steam temperature explored range:160Ð240 ! C, for a duration of 2,5Ð12,5 min. Commercial alkaline lignin at 15%

(w/w on dry biomass) improved the mechanical properties but reduced the water absorption and the thickness swelling
190Ð210 3Ð7 8Ð16 [80]

Vitis vinifera
Optimize pretreatment conditions were 218 ! C for 6 min ([80]) . Commercial softwood kraft lignin at 15%(w/w on dry

biomass) improved all the main properties
205 4+5 (two steps) 12 [81]

Feedstock Lignin enzymatic activation
Set-up for the production of panels

(explored ranges or optimized values) Ref.
T (! C) Time (min) P (MPa)

Beecch fibres 

Preheating of fibres at 170 ! C for 4 min. Enzymatic treatment : Myceliophtera thermophila laccase (24 U/ml per g

dry fibres) at pH 7 and temp. 60 ! C (moisture controlled at 55%) in a rotary system for 30 min. The further addition

during the enzymatic treatment of waxes (1% w/w) enhances the water absorbance properties of the panel but

decreasesthe other properties .

200 3,3 0,85 [82]

Leaf sheath fibre 
bundles from 

commercial plantain 
plants

Enzymatic treatment : laccase EC 1.10.3.2 from Aspergillus oryzae in the range of 6Ð12Ð24 U/(g of fibre) . Fibres

suspendedin aqueoussolution (5%) with laccase at 30 ! C, pH 5,5 for 1 h. Then fibre bundles were filtered and dried at

40 ! C for 24 h and thermo-pressed.

190Ð210 1+7 (two steps) 8Ð16 [83]

Wood fibres (80% 
Spruce, 20% Fir)

Enzyme: Commercial laccase (100 U/ml per 1 g dry fibres) ; Lignin added: Calcium-Ligninsulfonate (6%referred to 1

kg dry fibres) ; Mediators (for the enzymatic electron transfer) : caffeic acid or vanillic acid (10 mM per 1 g dry

fibres) .These ingredients, incubated with the wood fibres at pH 6 and at room temp for 15Ð60 min.

190 2 n.d. [84]

! Binder less approach

! Lignin attivation through enzymatic treatment
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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 ÐAcronyms: L/M (Large industry/Multinational), E/C 
(Enterprise/Company), U/RO (Univ./Research Org.), WIPO (World Intellectual Property Organization)
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! Lignin-based phenolic resins patents information
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Lignin reactive sites

Lignin treatments are often necessary to extend the lignin
chains and increase its number of available aliphatic hydroxyl
groups. The replacement of the polyol component with lignin
rarely exceeds 50%.

The main adopted strategies are:
1) oxypropylation (mainly by alkali reaction with propylene

oxide),
2) Esterification (caprolactone),
3) pretreatments (i.e. with bromidic acid, which raises the

number of hydroxyl groups by more than 20%).

! Polyurethane synthesis reaction
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! Lignin -based PU material : processes and main PU material characteristics
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! Lignin-based polyurethane market information
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Main patents selection (among the 26 selected by keyword on the ORBITPatents DB), concerning lignin
applications for polyurethanes in the last five years ÐAcronyms: 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)

! Lignin-based polyurethane patents information
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K#$L#$# 8450 910 9670 1060 0,9

B%&5#$# 140 2100 180 2810 0,8
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N)1"% 1140 180 1200 200 0,9

6#1- 1230 4 800 3 1,4

!-)- 3330 3160 3020 3010 1,1

BNBD2 14290 6354 14870 7083 0,9

Table 3.22 BTX compound 2018 EU market data (collected from [27])
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Figure 3.11 BTX Market dimensions [86]

[27] United Nations Data Retrieval System - http ://data .un.org/

! Lignin-based BTX market information

http://data.un.org/
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Conversion 
technology 
(two steps)

Feedstock BTX yield* 
(wBTX/wdry feed )

Total Initial investment Annual operational 
costs Catalyst for the 

production of  
MOAMON

TRL
Feed stream - 25 ton/h (estimated costs in million $)

1 HTL + HDO Wet lignin 
(black liquor) < 15% < 200 90 Alkaline treatment 6Ð7

2 FP + HDO Dry lignin 
(biomass) < 10% ! 135 (pretreatment) + 40 

(HDO)! 70 No catalysts 6Ð7

3 CFP + HDO Dry lignin 
(biomass) < 25% > 135 (pretreatment)# + 40 

(HDO)! > 70# High amounts of 
zeolites (ZSM-5) 3Ð4

4 RCF + HDO Dry biomass < 30% > 135 ( pretreatment )# + 30 
(RCF-HydMan@) + 40 (HDO)!

> 70# + 5 (RCF-
HydMan@)

Low amounts of 
precious catalysts (Ru, 

Pd, etc.)
3Ð4

*Overall yield (BTX/raw materials)
! HDOcosts for the conversion step of phenols to BTX
# The catalysts overall management costs were not included
@RCF-Hyd-Man: Reductive Catalytic Fractionation (Hydrogen Management)

COMPARISON OF TECHNOLOGIES APPLICABLE TO LIGNIN-BTX PRODUCTION
!"#$%&'()$*+,&-./0)1+23.%4&5!'-67&86&9+:3&;"$%,":.:&59;67&<6&=+3+,"3.2&9+:3&;"$%,":.:&5=9;67&>)#023.?)&=+3+,"3.2&9$+23.%4+3.%4&5>=96

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

]=0Â <V,FG'_"V2)P_MV;)'X_ `2GZF'PSGZP'PK&Z)')(LJ&JPabGHSaWG(TIP*WZH&P'aIPK\&PIGa&'GIL!)JHG(&X'&'c_M&PaWG(J_M&PTIP*VM&PIGaVY-.=@O

]=0>̂ : V7WIJG(_dVCVQ&b[JHI)_CVdVdVNW&bXG'_1V<)K&IGe_̀$P*G(&'X)'* 1')(LJ&JU2GZF'PSGZP'PK&ZZPKT)I)H&RG)JJGJJKG'HPa'PRG((&X'&'*GTP(LKGI&e)H&P'IPWHGJc_M&PaWG(JV
M&PTIP*VM&PIGaVY-.=> O_Q68U=. _=..- #\\\_ =>>>

! Lignin-based BTX production
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! Main catalytic HDOreactions to BTX from the MOAMON components (adapted from [186])

G*,+*+6&"(*@"&6
%YB0%2.%/+&

;)#)-B3#6R=")0#*%+6#*2"6?=DT D6R];T 56R1)(T="&/0#*@"6(")0#*%+6,)3
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8*"-&6O
!)*+6#)(,"#6.(%&/0#36R>DgT

1'&JP(G DH#N\GH) /.. = N-9YN-#)'&JP(GfE.O A.g>. MG'eG'G9h92P(WG'G
1'&JP(G DH#,&6- /.. = N-9YN-#)'&JP(GfE.O A.g>= MG'eG'G
1'&JP(G 5&#B ?=. ? N! 0E MG'eG'G

1'&JP(G
DHS,'#B5%YB)I\P'95)'PS%&\IGO#8'ZP'G(Y5&S

BI91((PLO<2f/E9K&'9
/.. = N! 0/ g00 MG'eG'G

1'&JP(G %G<G6i#jI6! ?E. = N! /@g0- MG'eG'G
MG'e)(*GFL*G Nj,$ SE EE. = N! @>g>E MG'eG'G
MG'e)(*GFL*G 7)#Nj,$ SE EE. = N- @>g>E 2P(WG'G
MG'e)(*GFL*G D*#,&6! S1(! 6? =/. 5< BP'RGIJ&P'9!&HFPWH9X)J>?g=.. 2P(WG'G
MG'e)(*GFL*G DH#1(! 6?9Y<2f=E9K&'O -.. 5< BP'RGIJ&P'9!&HFPWHX)J >?g=.. MG'eG'G
MG'e)(*GFL*G DHSD*#jI6 ! =0. 0 N! E. 3HFL(\G'eG'G

e/)*)0%- !%< "?:*< ?E-M<" N[[ c[ hW[ KM WZh`_ >"+Q"+"6i6D%-/"+"

7W)&)ZP( %G#,&6! Y<2f-.9K&'O /.. =
E.k9N! _9/.k95! _9=.k9

YB6! _9B6_9N! 6O
AE MG'eG'G9h92P(WG'G

7W)&)ZP(
DHS,'#B5%YB)I\P'95)'PS%&\IGO#8'ZP'G(Y5&S
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KSBIGJP( 7)#N\GH) EE. = N! A@ 2P(WG'G
KSBIGJP( <F#%G! 6" ?.. = /.9RP(k9N! _95! @A M2l
KSBIGJP( %G<G6i#jI6 " ?E. = N- /@g0- 2P(WG'G
. ?;("3%- !%< "?:*< ?E-M<" N[[ c[ hW[ KM WZh`_ D%-/"+"
5$"+%- !%< "?:*< ?E-M<" N[[ c[ hW[ KM WZh`_ >"+Q"+"
DFG'P( 5&#Nj,$SE -/. / N! E> MG'eG'G

5$"+%-36R?;K " )+&6%(6
<;K " 3/13#*#/#"&T

!%< "?:*< ?E-M<" N[[ c[ hW[ KM WZh`_ D%-/"+"6i6gB-"+"

CB(*+,%- !%< "?:*< ?E-M<" N[[ c[ hW[ KM WZh`_ >"+Q"+"6i6D%-/"+"

]=@0^9%V9BFG'X_9BV93V9MIG!GI_9DIP*WZ&'XbGH9aWG(aIPK9\&PK)JJ(&X'&'U9DPHG'H&)(T)HF!)LJ9HP9)([L(\G'eG'GJ)'*9 ZLZ(P)([)'GJ_9FHHTU##*iV*P&VPIX#=.V=.=0#bVIJGIV-.=AV.=V.?.
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6-'$.:;.'$'1'-1'H#*.-$3.4)%O#(1*
8-3a"#!C8('A"- H"#$%3(3*A

F&3FHb9X6D
W44B)9&%!"*-'!"; 4'+#';&%*

4'!'(&!&#BA-3(A+&+D

FW=IWc=X)9[UD
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8"->'83-'!&3%D

F&35"F&38('+!&#+9U,D
6&*%&%];"*-';"; /A)
/'#!"-&' C"%eA5"+

KBM.:;./-)0#1 2'+$'$,-*#3 KBM

B-3;2#!&3%)
90!CA-D

E'-0"!)
>3(25")

9F&((&3%GCA-D

^(3/'(
E'-0"!)
:$'-"

HI6
B-&#")
9GC0*D

I".

QKKKK QK fJO ` ]N JM` RPNT

Main players (lignin based BTX) 

PATENTSINFO

14 patents published in the last 5 years.

The main conversion technology used is
catalytic pyrolysis of biomass.

applicants includes ANELLOTECH(USA) and
BioBTX (NL)

!"#$%&'()*+,-%.)//0% 123'45%)-%2'**)(3%3)%678%9):;<5%;-%3=+%>(+,%)?%@;)1A,B+4%9()4'<3B%,-4%2+(C;<+B%DE-;C0%)?%@):)F-,%,-4%G(,'-=)?+(%828%HI+<0%DJKL"MN%OP)*%JK%;--)C,3;C+%A;)1A,B+4%*()4'<3BO%

! Lignin-based BTX market information
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The main conversion technologies include:

! Thermal processes to produce biocrude : Fast pyrolysis (FP), 
HydroThermal Liquefaction (HTL),, to produce a biocrude for traditional 
petrolchemical refineries

! solvolysis in organic solvents

! Gasification to syngas to methanol, dimethyl ether, olefins (gas cleaning is 
the major critical step)

! Biomass (Lignin) depolymerization to intermediates for 
the production of fuels
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! Production of biofuels (IEA Task 39 publications)
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"#$%&'(%)&*+,-./0+,%/1.2%/,2*3/*+/,4#$%&$/&5#6/*(32&*,7$//8,"9:;,&-,)2&'%.$/,,3&,%/$.'/,34/,&5#6/*,'&*3/*3,(*$,&)3(2*,
7'#'0&;(0<(*/+,(*$,7(0<#0;(%&=(32',-%('32&*+>

?4/,026*2*@$/%2A/$,021.2$,-./0+,2*'0.$/B

! !"#$%&'(#)*+,-.&/0,1& .20'2( 3&,'&45"-,0+)6#(,7#*+)&0+8-+-&,+0.&/,0+8,7"(.3&34(3,'(*,)/,)0/*$/$,C234,4/(A#,=(%2*/,
7).*</%;,-./0+, 7DE:FGH?,I9GJKLMGK,4338+BNN2$/(0-./0>/.;

! 90+45#*+)&/+.,3#0:#-".&,(&)%)0,;#0:#-".& -&%,O/3,-./0+P,6(+&02*/,(*$,$2/+/0,
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3C)<"`6
=Aa9<IF<C89DC<2mVZWn)6*8?J*.`*
FC<BBDC<B28CAD?Ĵ*89I6

?AM=<*I<98=*@898=EB9B*2!J 4*!94*'K*8?J*'D64*BDFFAC9<J*
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I<98=B*8B*/:*A?*o<A=:9<B*8B*.3-%Z*
=Aa*9<IF<C89DC<B*2^WWbVWW*n)6*8?J*K:>K*.`*
FC<BBDC<B*2ZbZW*M8C6H*!"#"$%&'(!)*+,- ./0,1(2$3(
45.+,- 6/0,1(#2%2&'7%7(829"(3":;$7%02%"3(85<8(
'5"&37=(&;>(%":?"02%)0"7(@AB61AB(CDE(2$3(?0"77)0"7(
@FB6GB(H20EI

?AM=<I<98=B*2!94*/:6*A?*o<A=:9<B*BDFFAC9*
2.3-%Z4*3-%Z64*
I<J:DI*9<IF<C89DC<*2VWWbZWWn)6 8?J*=Aa*
.`*FC<BBDC<B*2^bZ*M8C6

! Production of biofuels from lignin
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! Biomass (Lignin )-derived biocrude for fuels : market information
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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. 

Title Applicant(s) Applicant(s) business 
and country (acronym)

Pub. 
Number

Pub. 
date

Patent 
org.

E6.(%0"336'%(60%+@"(#*+,61*%2)33 CK9GG G)(,"6*+&/3#(Bf!/-#*+)#*%+)- e>?I 95M`N[`bN V`f[MfM[MV 94
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Patents selected by keyword (lignin + jet fuel) trough ORBIT Patents DB over the last 5 years. 

! Patents on bio-fuels (focus on jet-fuels)
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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

https://doi.org/10.1016/S0034-3617(14)70251-6
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! Comparison among various lignin based carbon fibers
Lignin type Fiber diameter (µm) Tensile strength (GPa) Tensile modulus (GPa)

Phenolated hardwood 0,5 30
Acetylated Softwood Kraft Lignin ~7 1,0 50
Pyrolytic lignin 50 0,3–0,4 35
Hardwood Alcell® lignin 40–50 0,3–0,5 25–55
HardWood 40–50 0,3–0,5 30–50
Kraft hardwood 50 0,4–0,5 ~40
Lignin-PEO (3% PEO) 30–40 0,4–0,5 40–65
Lignin-PEO (5% PEO) 40–50 ~0,4 30–45
Lignin-PET (25% PET) 0,5 65
Lignin-PP (25% PP) 0,1 20

Steam exploded hardwood 5–10 0,4–0,9 35–50

Organosolv hardwood 14 ~0,4 25–50

Organic purified hardwood 10 0,5–0,7 25–30
Softwood and hardwood kraft 40–80 0,2–0,4 25–30
lignosulfonate- AN copolymer 10–20 540
PAN (low modulus/quality CF) 12-50 1-3,5 40-200

Table 3.36 - Main data regarding the CF obtained from various lignin types [262, 267, 269])
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UMW`XJ)(/LH6<^H6C)*+H6!^H69&3̂6nG*,+*+*+65%-B2"(;%2.%3*#"3oP69-3"@*"(a6p*--*)26E+&("Aa6E23#"(&)2P6>%3#%+H6M[VW^
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! Lignin based CF and CFRP main initiatives and 
projectsC#(#$1.'$'1'-1'H#*.-$3.4)%O#(1*.%$.VP.7%).(%/4%*'1#*.<VPC!A.W)#7X.Y=Z>[.=\]^
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Lignin based CF patents

Figure 3.25 ÐAnnual 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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! Lignin based CF patents
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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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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
! ILI-INTERNATIONAL LIGNIN ISTITUTE (1961)

! LIGNIN-CLUB-ECOSYSTEM

! LIGNOCOST

! LIGNOVALUE

! WAGENINGEN UR LIGNIN PLATFORM

EUROPEAN R&D PROJECTS AND THEMATIC NETWORK 
(since 2015) 
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EUROPEAN R&D PROJECTS AND THEMATIC NETWORK 
(since 2015) 
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SELECTIVELI 
Conceptual Study of Electrochemical based novel process using Lignosulfonates to 
produce bio -based monomers and polymers !

!

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 -
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 aldeh ydes 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. !

!

!

!

Web site !
https://selectiveli -project.uni -mainz.de 

 

Project details !
Type of action  Research & 

Innovation Action  
Start date  01 May 2019 
End date 30 April 2023 
State OPEN 
BBI-JU 
contribution  

!  2,497,224.00 

!

Consortium !
Johannes Gutenberg-Universitat Mainz!
Sappi Papier Holding GmbH (Austria) 
Vlaamse Instelling voor Technologisch 
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 Ð Anonymi 
Viomichaniki Kai Emporiki Etaireia 
(Greece) 

!

Project coordinator !
Johannes Gutenberg-Universitat Mainz!

!

Contact !
Prof. Dr. Siegfried R. Waldvogel 
+49 6131 39-26069 

!

Project objectives & expected results !
SElectiveLiÕs objectives  are: 

! ! to create and preserve jobs in Europe;  
! ! to encourage the use of a continuous 

electrochemistry biorefinery system for 
lignosulfonate valorization;  

! ! to develop a green and sustainable strategy opening 
access to basic chemicals that does not compete with 
food sources. 

 
SElectiveLi impacts are:  

! ! to improve the efficiency of integrated 
biorefineries (by producing higher -value chemicals 
at a lower cost using less energy)  

! ! to develop innovative bio -based products for 
identified markets (aldehydes and derivates for use 
in common polymers)  

! ! to create and accelerate the uptake of bio -based 
products and applications, by supplying lignin -
based products to global market.  

!

!
"#$%&'(!'$)'&*(!

!

!
Project concept !
Feedstock origin ! Forest-based !
Feedstock type Lignosulfonate feedstock from paper & 

pulp industry !
Target products Vanillin, Syringaldehyde , acetovanillone, 

benzoquinones, mixed phenolic derivatives !
Plant scale/TRL Laboratory scale!

!

SWEETWOODS 
Production and deploying of high purity lignin and affordable platform chemicals 
through wood -based sugars!

!
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 
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. !

!

!

!

Web site !
https://sweetwoods.eu/ !

!

Project details !
Type of action  IA-Flagship 
Start date  01 June 2018 
End date 31 May 2023 
State OPEN 
BBI-JU 
contribution  

!  20,959,745.00 

!

Consortium !
Graanul Biotech O† (Estonia)!
Metgen OY (Finland) 
Tecnaro Geselleschaft Zur Industriellen 
Andwendung Nachwachsender Rohstoffe 
MBH (Germany) 
Recticel NV (Belgium) 
Global Bioenergies (France) 
2B srl (Italy)  
Soinverse OY (Finland) 

!

Former member !
Vertech Group (France)!

!

Project coordinator !
Graanul Biotech O† (Estonia)!

!

Contact !
Karl Peebo 
karl.peebo@graanulinvest.com 

!

Project objectives & expected impacts !
SWEETWOODS has six core objectives. It targets to:  

! ! develop a new technology for industrial scale 
production of high -purity lignin along with C5 and C6 
sugars from hardwood (e.g., birch);  

! ! use 90% of wood feedstock; 
! ! produce high-purity lignin for a range of novel 

applications;  
! ! produce high-purity sugars for novel end -uses; 
! ! establish markets for li gnin and sugar-based platform 

chemicals;  
! ! develop an LCA analysis. 

SWEETWOODS impacts consists in: 
! ! 5 new bio -based value chains;  
! ! 4 novel bio -based materials in the areas of 

insulation and elastomeric foams, injection 
moulding, biofuels and biochemicals;  

! ! 80% less waste from the biorefining process.  

!

!

"#$%&'()!)#$*+!(*!,&+-*($.!/0$1232!

!

!
Project concept !
Feedstock origin ! Forest-based (e.g. birch) !
Feedstock type Lignin & wood sugars!
Target products Biochemicals, insulation foams, cushions, 

panels etc.!
Plant scale/TRL Industrial/TRL 9 (at the end of the project) !

!
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OVERALL MARKET

Main lignin-
based product

Estimated 
yield % 

(kg/kgLIGNIN

)

Market size (kt/y) Product selling 
price (€/t)

Jet fuels 30 246’000 500
B/T/X 10–25 40200/19800/42500 1200

Polyols for 
polyurethanes

100 20000 1500

Colloidal 
Lignin 

(nano)particle
s

100 5000-20000 800–1500

Catechol 3–28 15–20 985–2000

Eugenol 3 37 8000

Vanillin 8 16 14000
Carbon fibre 70 100 38000
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CONCLUSIONS

FUTURE RESEARCH EFFORTS:
Biomass in the future can have many «competing» applications " need to enlarge the current lignin feedstocks availability by 
developing novel processes suitable to valorize lignins from different sources
!"#"$!%&'()*&")#&+!*)*"!, :increase the exploitation of the most abbundant technical lignins (kraft and lignosulphonates) for 
macromolecules/fuels;
!"#"$!%&'()*&"),"-'.,)*+)/+(0) *"!, : to investigate novel value added applications of lignin; to develop novel biorefinery
technologies yielding high purity lignins and to prove the feasibility at higher TRL; 

EXTERNAL FAVORABLE CONDITIONS:
! Mandatory targets in terms of increased sustainability and 

reduction of GHG emissions;
! -Need to increase the biorefineries sustainability and 

profitability

EXTERNAL THREATS:
! Volume of lignin from pulp and paper industry could be 

reduced in the future
! In the long term, the development of hydrogen based

power system can reduce the use of lignin for fuels

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

!"#$%&'(&)#*)+,&)%-("-").+/01+0/&2!&3)&%&4&"+)*#/)-+.)&56%#-+7+-#"
!"#$"$%&'()"*+,- ! .!" #$%&$&'"()&*+,-(+$)& .+!,)-%! (!"/$(0# 12+!",/0# 12)3$'0+$4"12,"'-(+$4" 12"&56/0+$(0&'2"#"(+,)(!"/$(0# 720&'2
8),2'",$40+$50+$)&.+)2$&+,)'-("20#)!)#*120#'!"!6'"* 12(0,9)3$#$(%,)-:* 120,)/0+$(* 72+)20'0:+ ,"0(+$4$+612*)#-9$#$+6$&2*)#4"&+*
+/%*+0$101"2(%+'(%!"#$"$%3,/3(,+"(*! 45657899:8;5<<5<.8%=;>?5657?@A?A<B?.>%A=::8B C875;D7=:B5?@>.E%4?95:<?6?.F=A4%.=:@5.%
:5=;.?6?.F



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

45

Task 42
Biorefining in a circular economy

THANKS FOR YOUR ATTENTION

Dr. Isabella De Bari

ENEA Trisaia Research Centre

SS 106 Jonica km 419+500

75026 Rotondella (MT)

isabella.debari@enea.it


