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Few words from the head of the lab

Anne BLAYO, 
Head of the LGP2 lab

We are delighted to present the 2024 
edition of the LGP2 Yearbook. As in 
previous years, the Yearbook is made up 

of mini-posters created by the laboratory’s doctoral 
and post-doctoral students, which summarize the 
topic of their thesis or post-doctoral research, as 
well as the progress of their work. 

The Yearbook is therefore not an annual activity 
report in the traditional sense, but rather a 
snapshot of the subjects currently being studied 
within the laboratory.

The 2024 Yearbook is based on summaries of 
more than 30 current research projects, organized 
in chronological order.  It illustrates the fact that 
LGP2’s areas of specialization are now strongly 
rooted in the field of biobased materials, the 
valorization of lignocellulosic materials and 
functional printing, with increasing importance 
placed on sustainable development, recycling and 
eco-design.  

The Yearbook also offers an overview of the 
breadth of collaboration between LGP2 and its 
partner laboratories and companies.

I would like to thank all the young researchers 
who agreed to contribute to the Yearbook and 
who endeavored to make their work accessible in 
a concise format. Special thanks must also go to 
Aurore Denneulin, Deputy Director of LGP2 and 
head of the Funprint team, who encourages our 
researchers to contribute each year and collects 
their mini-posters, and to Antoine Julien, LGP2’s 
Communications Manager.

I hope you enjoy reading this new edition and 
exploring LGP2’s latest research topics.
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LGP2 has built up a reputation in France and 
abroad for its research in the  valorization of plant 
biomass, the development of biobased materials 
(paper, cardboard, composites), recycling processes, 
nanocelluloses, printing processes for surface 
functionalization and printed electronics. 

In line with the principles of eco-design and the 
challenges of sustainable development, these 
research projects help to reduce the impact of 
human activities on the environment.

European projects, ANR, Idex and numerous direct 
industrial partnerships.

Member of the LabEx Tec21, Institut Carnot 
PolyNat and Bioeconomy for Change networks.

Strong synergies with the Grenoble INP - Pagora,  
Graduate School of Engineering.

Quality, Safety and Environment certified (ISO 
9001, ISO 14 001, BS-OHSAS 18 001).

At the very heart of 
sustainable development

High-quality collaborative 
research

2 / 3 patents  
each year

60 publications 
each year

60 researchers  
and ph.d students

2 researchers are members of the 
institut universitaire de france

10 ph.d theses 
each year

lgp2.contact@grenoble-inp.fr
lgp2.grenoble-inp.fr
+33 (0)4 76 82 69 00

461 rue de la Papeterie
38 402 Saint Martin d’Hères, France

https://lgp2.grenoble-inp.fr 


Organization : 3 research groups

BioChip
Biorefinery: chemistry and  
eco-processes
Dr N. Marlin (HDR)

• Cellulose, hemicelluloses and lignin: biorefinery and 
bioproducts

• Caracterisation of the lignocellulosic biomass 
constituents

MatBio
Multi-scale bio-based materials
Pr J. Bras

• Building blocks from vegetal biomass
• Manufacturing processes for plastics, composites and 

fibre-based materials (papers, cardboards, nonwovens…)

FunPrint
Surface functionalization by  
printing processes
Dr A. Denneulin (HDR)

• Formulation, characterization of complex fluids and inks
• Printing processes for functional components and 

systems
• Additive manufacturing technology



Young Researcher’s 
research project 
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011%2-./2"+)3",/)-#+,%*/4/)-./%1

D2$<5262=A "89%45/@71?$A 45"$"4?/$7E"?728

D U"#!&$+(,$<#+(61"5-7#8
D U&0#"*0"/-*$2"/7&0+1M$
G@U9

D WXPM$JUX

D !FHX
D @1-5-(7+1 +(+18*&*
D W=GM$JUX
D I"(7+07$+(<1-

!/.78
%#0.01,#

9
8
,/:31;.01,#

4
3%8

1+.-&8
,$1<1+.01,#

B"<766"$7?A <"?5
D I-1161"*-$0"5/"*&7-$N&7;$+$0"5/+#+%1-$N+7-#$6/7+)-$
7;+($(&7#"0-1161"*-

D H(0#-+*-$"A$7;-$+00-**&%1-$/"#"*&78$N&7;$-7;+("1$*"1?-(7$
-E0;+(<-

DFB%/84"<1#6"?728
D P-0#-+*-$"A$7;-$/-#5-+%&1&78$N&7;$7;-$&(0#-+*-$"A$7;-$
U!I$%+*&*$N-&<;7

D H(0#-+*-$"A$7;-$N+7-#$0"(7+07$+(<1-$N&7;$7;-$&(0#-+*-$"A$
7;-$+5"6(7$"A$VYP

C$78?78=%<$24/11/1
!"#$%&"'()(*"
D U>4&)F4'%F<)D&)DG%&774( Y
- $)(F'D('<%F<)D&)DG
- OF<56%='F7()&)7D
- J'&&)DG
D S$%(>C(&<5&'(
D Z5<)7>( ("5F' 7I%='()GD

B/66#621/%GH<"$?746/ "I#/2#1 78J1K
/"#"6*$0-1161"*-$%+*-,$5+7-#&+1*$N&7;$;&<;$0+/&11+#8$
*607&"($0+($%-$-1+%"#+7-,$6*&(<$0-1161"*-'(+("A&%-#*$
2IJ!9M$'Z/+#7&01-* +(,$G&[Q$+*$&(-#7$A&11-#$"%7+&(,-, %8$
5"61,&(<

DFB%1<$"A%/84"<1#6"?728
@(0+/*61+7&"($"A$7;-$/+7; %8$*/#+8$"A$U!I$7"$5+(+<-$7;-$
+&#$/-#5-+%&1&78O$U",&A&0+7&"($"A$7;-$;8,#"/;&1&0&78 7"$
;8,#"/;"%&0&78 "A$7;-$0-1161"*-$%8$+,,&7&"($"A$VYP$
-561*&"(

!783.&D=EF((!@
!"#$#%&"'()( *+,++-+,+./
01!+%*$#%3'D';'D&)8%2#%$'DD'>4)D/
!@@W[%*J-@#%3<\(/

<307#239#+.&+1&3&1,""G-3-%7 -+#.9&+1&237%&-"391+7;&
06&344#9#:%&;3.,1329,7#./

8%&+"3&2,"5)*6#5)*,.$".,2,7)*()*,&'5".2,0)19*,0&%)(5)$&$,(3)$&3)$3"09*9)*()7&+3,0&2,"5)&**,2,:(

!"#$%&$'(')*+%,$-.%/ 0%$1"2/
)4?#"6 8#46/74 "479 "@<67374"?728%?/1?1%L.))M1N%K
! =-#A"#5-, &($0-(7#+1&*-, 1+%"#+7"#&-*
! X-K6&#-* -K6&/5-(7 +(,$7#+&(-, /-#*"((-1
! \"771-(-0) A"#$+$#+/&, ,&*-+*- ,&+<("*7&0

C278?%23%4"$/%?/1?78= LC+BN%K
! &'()*'+,-.,-,/'./,0'1(213'+,*'-1,21,-/,/4',0-/)'*/5.,
06-7',2(,1'.)+'*7'

! 8-0)+,1'.96/.,1':9)1)*;,3)*)3-6,9.'1,)*/'1<'*/)2*
! =12+97/)2*,2(,06-./)7,>-./'

B"$/F"> <$2O/4?%K
The objective is to develop a printed microfluidic 
paper-based device (!PAD) integrating all unit 
operations necessary for nucleic acid 
amplification tests and of the associated 
fabrication process.
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B"<766"$7?A <"?5
D I-1161"*-$0"5/"*&7-$N&7;$+$0"5/+#+%1-$N+7-#$6/7+)-$
7;+($(&7#"0-1161"*-

D H(0#-+*-$"A$7;-$+00-**&%1-$/"#"*&78$N&7;$-7;+("1$*"1?-(7$
-E0;+(<-

DFB%/84"<1#6"?728
D P-0#-+*-$"A$7;-$/-#5-+%&1&78$N&7;$7;-$&(0#-+*-$"A$7;-$
U!I$%+*&*$N-&<;7

D H(0#-+*-$"A$7;-$N+7-#$0"(7+07$+(<1-$N&7;$7;-$&(0#-+*-$"A$
7;-$+5"6(7$"A$VYP

C$78?78=%<$24/11/1
!"#$%&"'()(*"
D U>4&)F4'%F<)D&)DG%&774( Y
- $)(F'D('<%F<)D&)DG
- OF<56%='F7()&)7D
- J'&&)DG
D S$%(>C(&<5&'(
D Z5<)7>( ("5F' 7I%='()GD

B/66#621/%GH<"$?746/ "I#/2#1 78J1K
/"#"6*$0-1161"*-$%+*-,$5+7-#&+1*$N&7;$;&<;$0+/&11+#8$
*607&"($0+($%-$-1+%"#+7-,$6*&(<$0-1161"*-'(+("A&%-#*$
2IJ!9M$'Z/+#7&01-* +(,$G&[Q$+*$&(-#7$A&11-#$"%7+&(,-, %8$
5"61,&(<

DFB%1<$"A%/84"<1#6"?728
@(0+/*61+7&"($"A$7;-$/+7; %8$*/#+8$"A$U!I$7"$5+(+<-$7;-$
+&#$/-#5-+%&1&78O$U",&A&0+7&"($"A$7;-$;8,#"/;&1&0&78 7"$
;8,#"/;"%&0&78 "A$7;-$0-1161"*-$%8$+,,&7&"($"A$VYP$
-561*&"(

!783.&D=EF((!@
!"#$#%&"'()( *+,++-+,+./
01!+%*$#%3'D';'D&)8%2#%$'DD'>4)D/
!@@W[%*J-@#%3<\(/

<307#239#+.&+1&3&1,""G-3-%7 -+#.9&+1&237%&-"391+7;&
06&344#9#:%&;3.,1329,7#./

8%&+"3&2,"5)*6#5)*,.$".,2,7)*()*,&'5".2,0)19*,0&%)(5)$&$,(3)$&3)$3"09*9)*()7&+3,0&2,"5)&**,2,:(

!"#$%&$'(')*+%,$-.%/ 0%$1"2/
)4?#"6 8#46/74 "479 "@<67374"?728%?/1?1%L.))M1N%K
! =-#A"#5-, &($0-(7#+1&*-, 1+%"#+7"#&-*
! X-K6&#-* -K6&/5-(7 +(,$7#+&(-, /-#*"((-1
! \"771-(-0) A"#$+$#+/&, ,&*-+*- ,&+<("*7&0

C278?%23%4"$/%?/1?78= LC+BN%K
! &'()*'+,-.,-,/'./,0'1(213'+,*'-1,21,-/,/4',0-/)'*/5.,
06-7',2(,1'.)+'*7'

! 8-0)+,1'.96/.,1':9)1)*;,3)*)3-6,9.'1,)*/'1<'*/)2*
! =12+97/)2*,2(,06-./)7,>-./'

B"$/F"> <$2O/4?%K
The objective is to develop a printed microfluidic 
paper-based device (!PAD) integrating all unit 
operations necessary for nucleic acid 
amplification tests and of the associated 
fabrication process.
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32"*.&,$ F#"+&6G.,.&" ."*H&+%

[(18$PQRS%T "A$7;-$-'N+*7-$&*$,"065-(7-,$7"$%-
0"11-07-,$+(,$A"#5+118$#-0801-,$N"#1,N&,-O$

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

D I;+11-(<-*L
39$X-0"?-#$7;-$A&%-#$A#+07&"($N&7;$5&(&565$
0"(7+5&(+(7*O
Q9$H($+$*-0"(,$A#+07&"($#-0"?-#$A6(07&"(+1$5+7-#&+1*O

ID(!26.#$:(*.%#0#4,%#*$(

<=% #9+")"'*+"#& "&>#0>%5 )#&"+#4"&? +=% 94#9%4+"%5 #.
=*&@5=%%+5 *5 +=%( >*4( A"+= 5%>%4*0 9*4*)%+%45B

JD(8#6;&"(?&+*;&"5(
I-(7#&A6<+1$01-+(&(<$-5-#<-*$+*$+$;&<;18$/#"5&*&(<$6(&7$
"/-#+7&"($A"#$7;-$*-/+#+7&"($"A$*&1?-#$A#"5$A&%-#*O

"]4$^$"A$7;-$*&1?-#$0+($%-$#-0"?-#-,$A#"5$7;-$/61/O

ID(!,.&"(."#$%&' &6&+%"*$#+1

JD(F*$;&$%#*$,6(.,.&"("&+5+6#$:(6#$&(

.(&7*$+#-$"/7&5&C-,$&(,&?&,6+118$+(,$7-*7-,$*-K6-(7&+118$
+*$/+#7$"A$7;-$/#"0-**O

KD(L%*0#+(L)1*".%#*$(8.&+%"*1+*.5(MLL8N
C7D%,+">%E-5"0>%4-+4*,2"&?

)7.%"&'=HE>?*
!"#$#%&"'()( *+,+S-+,+]/
9#%:';'<=6-3<>5(8%9#%U5<4)D%*01!+/
0#O;'E7;5 *0W!U[/

=%262"#./&+1&;,"9#"36%7%4&%"%297+.#2&4%:#2%$&-7#.9%4&+.&2%"","+$#2&$,0$9739%$
82#*()*()%()3(0;0%&+,%,29)*()1"*<%(.)0"1$%(=(.)*69%(023"5,>#(),1$3,19().#3)$&$,(3)$&3)&*&$2&2,"5)*()

%,'5(.)*()3(0;0%&'()$&$,(3)(=,.2&52(.?

!"#$%&$'(')*+%,$-.%/ 0%$1"2/ 3%/45$/

Powercoat XD200
- Silver conductive Ink
- Coated paper 
- 200 g/m2

Ash + silver

Leaching in
Nitric acid

Solvated silver Ag+

Pulping Screening Centrifugal 
cleaning Flotation

Centrifugal 
cleaning V<_$Q'`^$

inlet accepts

rejects
Ag= 90 % 

Ag= 100 % 

>,1-#$:(%&1%
! 1%0%,+"#& #.-FGH$.4%%-94#@/,+5-+=*+ 4%5"5+ +#-+=%-A*5="&?

+%5+-6)*"&-4%I/"4%)%&+:

! P-1+5&(+7&"( "A$7;-$0"+7&(<$A#"5 7;-$7-E7&1-$L$U+

V5A 92/1 "%42"?78=%02$J1 "89%$/171? ?5/%0"1578= ?/1?%W
! I"(7+07$+(<1-$5-+*6#-5-(7* /#"?-, 7;+7 &7 ("7$#-1+7-, 7"$
/"1+#&78

! J-E7$*7-/ L$+("7;-# 7;-"#8 "A$+,;-*&"(M$7;-$,&AA6*&"(

#'7,12-.&')%;&.:%8'2+,"7%-)5%-55&.&<"6

='.'97-<17">7"<"76"%/'-.&)9
@3&5.7(32)A,24)4(&2 &5*)$3(..#3()"5)2(=2,%(

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

-."/01,2#$%,"/01,2#$%,"3405,'140"01%,"#60%#7$5
! @7D&5E&%5DG4'%A'5(><'A'D&(
! Q5(")DG%&'(&
! U'E"5D)E54%F<7F'<&)'(
! ^-:56%F"7&7'4'E&<7D (F'E&<7A'&<6

O,@#0&(EL<?3L<G7A99A3?
!"#$#%&"'()( *+,++-+,+./
01!+%*2#%345678%2#%$'DD'>4)D/
@"7A5<5&%*J#%U5>F'&)&/
?:@6"%/')0&5").&"22"

I+4#1#239#+.&+1&95%&-7+-%79#%$&+1&-+"6;%7&$,7132%$&06&3.&%.:#7+.;%.93""6
17#%.4"6 -7#.930"% 2+39#./

B"*,7,0&2,"5)*(.)$3"$3,929.)*().#37&0(.)$"%;1<3(.)$&3)#5):(35,.),1$3,1&+%()3(.$(02#(#=)*()
%6(5:,3"55(1(52

!"#$%&$'(')*+%,$-.%/ 0%$1"2/

X1/%23%"%62?%23%9"8=/$2#1%<$29#4?1%32$%>2?5%5#@"8%
5/"6?5%"89%/8;7$28@/8?

+>O/4?7;/1%K I#-+7-$+$(-N$0"+7&(<$7;+7$#-*/-07$L$
! 7;-$*+5-$#-K6&#-5-(7*$+(,$&(,6*7#&+1$0"(*7#+&(7*
! 7;-$-(?&#"(5-(7M$1+%-1*M$1+N*$+(,$;65+($;-+17;

3%/45$/

!"#$%$ '()&

*#&+,--.',/.01,#&2103&43,8./.0&5%>01-%?&*#$"?0/1%?

REAC
H

$'-.&)96%&)516.7+ A ?"B.&2"%0&"25
@(=2,%()$(3."55&%,C&2,"5
! J%)*&@ /5%@ +#-?4#A /9-+=%-0*5+-@%,*@%
! F/5+#)%45-*0A*(5 A*&+ &%A-@%5"?&-"&-%>%4( *4%*
! F0#+="&? )*&/.*,+/4%45 *4%-0##2"&? .#4-&%A-

5#0/+"#&5

C7&).-D2"%/'-.&)9%'00"7%-)%1)2&,&."5%;-+%'0%
8"76'))-2&*-.&')

140"01%,"#60%#7$5
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>,1-#$:(%&1%
! 1%0%,+"#& #.-FGH$.4%%-94#@/,+5-+=*+ 4%5"5+ +#-+=%-A*5="&?

+%5+-6)*"&-4%I/"4%)%&+:

! P-1+5&(+7&"( "A$7;-$0"+7&(<$A#"5 7;-$7-E7&1-$L$U+

V5A 92/1 "%42"?78=%02$J1 "89%$/171? ?5/%0"1578= ?/1?%W
! I"(7+07$+(<1-$5-+*6#-5-(7* /#"?-, 7;+7 &7 ("7$#-1+7-, 7"$
/"1+#&78

! J-E7$*7-/ L$+("7;-# 7;-"#8 "A$+,;-*&"(M$7;-$,&AA6*&"(

#'7,12-.&')%;&.:%8'2+,"7%-)5%-55&.&<"6

='.'97-<17">7"<"76"%/'-.&)9
@3&5.7(32)A,24)4(&2 &5*)$3(..#3()"5)2(=2,%(

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

-."/01,2#$%,"/01,2#$%,"3405,'140"01%,"#60%#7$5
! @7D&5E&%5DG4'%A'5(><'A'D&(
! Q5(")DG%&'(&
! U'E"5D)E54%F<7F'<&)'(
! ^-:56%F"7&7'4'E&<7D (F'E&<7A'&<6

O,@#0&(EL<?3L<G7A99A3?
!"#$#%&"'()( *+,++-+,+./
01!+%*2#%345678%2#%$'DD'>4)D/
@"7A5<5&%*J#%U5>F'&)&/
?:@6"%/')0&5").&"22"

I+4#1#239#+.&+1&95%&-7+-%79#%$&+1&-+"6;%7&$,7132%$&06&3.&%.:#7+.;%.93""6
17#%.4"6 -7#.930"% 2+39#./

B"*,7,0&2,"5)*(.)$3"$3,929.)*().#37&0(.)$"%;1<3(.)$&3)#5):(35,.),1$3,1&+%()3(.$(02#(#=)*()
%6(5:,3"55(1(52

!"#$%&$'(')*+%,$-.%/ 0%$1"2/

X1/%23%"%62?%23%9"8=/$2#1%<$29#4?1%32$%>2?5%5#@"8%
5/"6?5%"89%/8;7$28@/8?

+>O/4?7;/1%K I#-+7-$+$(-N$0"+7&(<$7;+7$#-*/-07$L$
! 7;-$*+5-$#-K6&#-5-(7*$+(,$&(,6*7#&+1$0"(*7#+&(7*
! 7;-$-(?&#"(5-(7M$1+%-1*M$1+N*$+(,$;65+($;-+17;

3%/45$/

!"#$%$ '()&

*#&+,--.',/.01,#&2103&43,8./.0&5%>01-%?&*#$"?0/1%?

REAC
H

$'-.&)96%&)516.7+ A ?"B.&2"%0&"25
@(=2,%()$(3."55&%,C&2,"5
! J%)*&@ /5%@ +#-?4#A /9-+=%-0*5+-@%,*@%
! F/5+#)%45-*0A*(5 A*&+ &%A-@%5"?&-"&-%>%4( *4%*
! F0#+="&? )*&/.*,+/4%45 *4%-0##2"&? .#4-&%A-

5#0/+"#&5

C7&).-D2"%/'-.&)9%'00"7%-)%1)2&,&."5%;-+%'0%
8"76'))-2&*-.&')

140"01%,"#60%#7$5
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O&+-,$#+,6(."*.&"%#&1

7-&"0,6(+*$'2+%#;#%5

!"*'2+%#*$(."*+&11
D?)BE!.)$3"*#02,"5
<=%-94#@/,+"#&-#.-GKF5-"5 9%4.#)%@ 7(-4%."&"&?8-
%&'()*+", =(@4#0(5"5 *&@-)%,=*&",*0 ."74"00*+"#&B

F?)E"31#%&2,"5
G"L+/4%-#.-,%00/0#5%-."7%458-)",4#$."74"00*+%@ ,%00/0#5%-
*&@-%*4+= 6KMF:-"&->*4"#/5 94#9#4+"#&-"5 )*@%B

G?)B,=,5' $3"0(..

H?)!"1$3(..,"5)$3"0(..
N(@4*/0", 94%55E
OPP-2Q8-RSTF

I?)J(0;0%,5')$3"0(..
N"'%I)D54%E7AF7()&'%M)44%C'%<'E6E4'=%I7447M)DG%5%F<7&7E74#%
N"'%<'E7;'<'=%A)B&><'%("7>4=%C'%>(5C4'%&7%F<7=>E'%5%D'M%
A5&'<)54%M)&"%&"'%(5A'%4';'4%7I%F<7F'<&)'(#

!;;3&*E@EI')=?
!"#$#%&"'()( *+,++-+,+./
01!+%*J#%3<5(/
@:2&'<<' *N#%J7II<768%2#%U)(('/

C!(?*!@@&J&C%$#/.&3--7+325 1+7&.%8&7%262"30"%&2%"","+$#2 03$%4 ;39%7#3"$ #.&
0,#"4#./&#.4,$976

K"#:(&#=)$3"09*9.)*6"+2(52,"5)*()1&293,&#=)0(%%#%".,>#(.)(2)2(33()03#()3(0;0%&+%()$"#3)&304,2(02#3(

!"#$%&$'(')*+%,$-.%/ 0%$1"2/
?&+5+6,)6&(+&6626*1#+ ,$'(&,"%-G),1&' .,$&6
L"A(3,5' 24()(5:,3"51(52&% ,1$&02)"7)+#,%*,5'),5*#.23;
! RUV-#.-+=%-K4%&,=-,*47#& .##+94"&+ !

! WX8W-G+ #.-"&%4+ A*5+% "&-K4*&,%-"&-RPRP-"
! RYU-#.-@#A&$,(,0%@ A*5+% *&@-OYU-0*&@."00%@ #

!2")5%'0%"-7.:E%0&D"76%-)5%F#$6%0'7%0&)&6:&)9%"2",").6

! S"N$7;-#5+1$0"(,607&?&78$&
! B8<#"*0"/&0$%-;+?&"#L$/+**&?-$0""1&(<$&
! H(0#-+*-$"A$5-0;+(&0+1$/#"/-#7&-*$'

3%/45$/

!"#$%$ '()

!"#"$"%&"'(
!"#)*%*'+,$"-."-/0-+$0%'*+*1%-2&1/13*45"-6 7877
$"#%&'%(#7878 )" 90'+*% :;-</5=-6 78>?
*"#Giada G. et al., Hygrothermal Properties of Raw Earth Materials 
– 2019
5. Stanislas T.T. et al., Effect of cellulose pulp fibres on the physical, 
mechanical, and thermal performance of extruded earth-based 
materials - 2021

TEM picture of the FAC TEM picture of MFCs

,%00/0#5%-

+ +

M?)N3;,5')$3"0(..
J4("&?-"&-5+*&@*4@-4##)E
RUTF8-SPV-HN8-3R=

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

0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

1

0 500 1000 1500 2000 2500Th
er

m
al

 c
on

d
u

ct
iv

it
y 

(W
/(

K
.m

))

Density (kg/m3)

The addition of fibers decreases the density 
and so the thermal conductivity.

3 point bending

Sample Modulus of 
Elasticity 

(MPa)

Modulus of 
Rupture 

(MPa)

FAC 711 ± 205 0.6 ± 0.5

FAC + fibers 903 ± 227 0.6 ± 0.2

FAC + 
additive

2824 ± 893 1.3 ± 0.1

The addition of fibers increases MOE but the 
MOR stays the same. Moreover, the addition of 
an additive increased significantly the MOE as 
well as the MOR. 
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! Bio-based suspension formulation
! Coating and drying processes
! Surface design
! Other barrier developement

E2M3.%&)>!=DV
!"#$#%&"'()( *+,+S-+,+]/
01!+%*@#%U5<&)D8%J#%3<5(8%
_#%@"5<4)'</
A7$/#:,$%#0;

*%"","+$%&$,0$9739%&1,.29#+.3"#S39#+.&1+7&0377#%7&W&$%3"#./&$+",9#+.$&#.&0%3,96&-32O3/#./
E"502,"55&%,.&2,"5)*().#+.23&2)0(%%#%".,>#()$"#3)*(.)(1+&%%&'(.)+&33,<3(.)(2).0(%%&+%(. *&5.)%()*"1&,5()0".192,>#(

!"#$%&$ )*+%,$-.%/ 0%$1"2/
8#$:6&(<1&(!6,1%#+(.*662%#*$

7*',5X1(B,%&"(;,.*"(),""#&"(.,.&"1

!"#$%$ '(&K&1#&+,--.',/.01,#&2103 )

h
ttp

s://w
w
w
.p
in
terest.co.

kr/p
in
/354

0
9558

94
4
6593

717/

h
ttp

s://w
w
w
.g
reen

p
eac

e.org
/u
sa/ocean

s/p
reve

n
tin

g
-p
lastic-p

ollu
tion

/

! 1_^J-"&-;/4#9%8-)#4%-
*&@-)#4%-4%?/0*+"#&5
*4#/&@ +=%-A#40@

! 1#,"%+(-%L9%,+*+"#&5-+#-
=*>%-0%55 90*5+",-
9*,2*?"&?

H%*,= +=%-D-77&"7 8"70'7,-)/"%
4%I/"4%@ .#4-="?=-)#"5+/4%
94#@/,+5

!%-6"-2-D2"

!%-7"/+/2-D2"

$')<"7.&)9 4%5"0"%&,%

OB-1/59%&5"#&-.#4)/0*+"#&

RB-G#&"+#4"&?-,#*+"&? *&@-
@4("&?-9*4*)%+%45

UB-M-)/0+"0*(%4 5+4*+%?(
.#4-*-7%++%4 4%,(,0*7"0"+(

RS%$:-7-/."7&6-.&')6 '0%.:"%,-."7&-2N
! !*44"%4 9%4.#4)*&,%
! G%,=*&",*0 9%4.#4)*&,%
! 1%*0*7"0"+(

SB-H%,(,0*7"0"+( +%5+
Y*(%*B,"'1 #$'21%"#,6#1,%#*$

! Q#+-4%,(,0*70%
! ^%+4#5#/4,%@ 0*(%45
! G"?4*+"#&-"55/%5-

K=(1-,.#$: */(,(+&6626*1#+ 0,%&"#,6
[5*(3.2&5*,5')*,77(3(52)$3"0(..(.)+;):&3;,5')
$&3&1(2(3.)\2(1$(3&2#3(])$3(..#3(])(20?^)&5*)
0"1$&3,5')24(1?
! [%+ G#0@%@ K"7%45
! J4(-G#0@%@ K"7%45
! 1+4%+,=*70% 9*9%4
! C+=%4 5+4*+%?"%5

82"/,+&(/2$+%#*$,6#4,%#*$
!"1$&3,5' .#37&0()7#502,"5&%,C&2,"5)1(24"*.)&*&$2(*)
2").#+.23&2(.)\FN)24(5)GN^)&5*)*(:(%"$$,5' 5(A)"5(.?
! 194*(-,#*+"&?
! 1,4%%&-94"&+"&?

K=(1-,.#$: */(,(+&6626*1#+ 0,%&"#,6
R+2&,5,5')&)243((-*,1(5.,"5&%)7,+3"#.)1&2(3,&%)&5*)
#5*(3.2&5*,5')24()2(045,0&%)04&%%(5'(.)&.."0,&2(*)A,24)
24():&3,"#.)$3"0(..(.)?

WBY%05C7<5&7<6 S$%(5AF4'(#

82"/,+&(/2$+%#*$,6#4,%#*$
Q,5',5').$(0,7,0)$3"$(32,(.)\+&33,(3)$3"$(32,(.])
3(0;0%&+,%,2;])_^)2")&).#+.23&2()A,24)*,77(3(52)$3"0(..(.?

WBY%@747<'= E7CC 7)4 7I%F5F'< (5AF4'( M)&"7>& 5D=%M)&"
E75&)DG#

I395#"4%&'!=A)=CG
*)D?A)D
!"#$#%&"'()( *+,+S-+,+]/
01!+%*J#%3<5(8%W#%U5><'&/

C%:%"+-;%.9&+1&#..+:39#:%&-7+2%$$&1+7&BC&2%"","+$#2&;39%7#3"$
!"#$%&''$($)*+,$+'-&.","/+0))&#1)*/+'&2-+%3&4*$)*0&)+,$+(1*"-0125+.$%%2%&/062$/+

*-0,0($)/0&))$%/

!"#$%&$ )*+%,$-.%/ 0%$1"2/
8#$:6&(21&(.6,1%#+1S(,(0*'&"$(#112&
K(A)%(',.%&2,"5)$#.4,5')1&5#7&02#3(3.)2")7,5*)
&%2(35&2,:(.)2")$%&.2,0
! 1_^-61"&?0%-_5%-90*5+",:-0%?"50*+"#&E-@%9#5"+ "&-RPOWB
! M`;F-6M&+"$`*59"00*?%-9#/4-/&%-l,#&#)"%-F"4,/0*"4%:-

0*AE-@%9#5"+ "&-RPO\B
! ^^[H 6^*,2*?"&?-*&@-^*,2*?"&?-[*5+%-H%?/0*+"#&:E-

@%9#5"+ "&-RPRRB

F&6626*1#+(O,%&"#,61
! 3)7-C5('= 5D=%C)7='G<5=5C4'#
! Q7<4=k(%A7(&%D5&><5446%F<7=>E'=%C)7C5('= F746A'<#
! !<7=>E&)7D%5D=%<'E6E4)DG%E"5)D%M'44%A5D5G'=#

F-,#"& F&6626*1&(T,66&5
! 2D%7<G5D)e5&)7D%='=)E5&'=%&7%I)D=)DG%")G"%F'<I7<A5DE'%

54&'<D5&);'(%&7%E'44>47('-C5('=%()DG4'->('%F45(&)E(#
! 0)DL)DG%<'('5<E"K%'=>E5&)7D%5D=%)D=>(&<6%5E<7((%&"'%

E'44>47('%F5EL5G)DG%;54>'%E"5)D#

!"#$%$ '()

#5*(3.2&5*,5')24()2(045,0&%)04&%%(5'(.)&.."0,&2(*)A,24)

@75&)DG

$&3&1(2(3.)\2(1$(3&2#3(])$3(..#3(])(20?^)&5*)$&3&1(2(3.)\2(1$(3&2#3(])$3(..#3(])(20?^)&5*)

K"7%45

9*9%4
5+4*+%?"%5

2").#+.23&2(.)\FN)24(5)GN^)&5*)



21

K=(1-,.#$: */(,(+&6626*1#+ 0,%&"#,6
[5*(3.2&5*,5')*,77(3(52)$3"0(..(.)+;):&3;,5')
$&3&1(2(3.)\2(1$(3&2#3(])$3(..#3(])(20?^)&5*)
0"1$&3,5')24(1?
! [%+ G#0@%@ K"7%45
! J4(-G#0@%@ K"7%45
! 1+4%+,=*70% 9*9%4
! C+=%4 5+4*+%?"%5

82"/,+&(/2$+%#*$,6#4,%#*$
!"1$&3,5' .#37&0()7#502,"5&%,C&2,"5)1(24"*.)&*&$2(*)
2").#+.23&2(.)\FN)24(5)GN^)&5*)*(:(%"$$,5' 5(A)"5(.?
! 194*(-,#*+"&?
! 1,4%%&-94"&+"&?

K=(1-,.#$: */(,(+&6626*1#+ 0,%&"#,6
R+2&,5,5')&)243((-*,1(5.,"5&%)7,+3"#.)1&2(3,&%)&5*)
#5*(3.2&5*,5')24()2(045,0&%)04&%%(5'(.)&.."0,&2(*)A,24)
24():&3,"#.)$3"0(..(.)?

WBY%05C7<5&7<6 S$%(5AF4'(#

82"/,+&(/2$+%#*$,6#4,%#*$
Q,5',5').$(0,7,0)$3"$(32,(.)\+&33,(3)$3"$(32,(.])
3(0;0%&+,%,2;])_^)2")&).#+.23&2()A,24)*,77(3(52)$3"0(..(.?

WBY%@747<'= E7CC 7)4 7I%F5F'< (5AF4'( M)&"7>& 5D=%M)&"
E75&)DG#

I395#"4%&'!=A)=CG
*)D?A)D
!"#$#%&"'()( *+,+S-+,+]/
01!+%*J#%3<5(8%W#%U5><'&/

C%:%"+-;%.9&+1&#..+:39#:%&-7+2%$$&1+7&BC&2%"","+$#2&;39%7#3"$
!"#$%&''$($)*+,$+'-&.","/+0))&#1)*/+'&2-+%3&4*$)*0&)+,$+(1*"-0125+.$%%2%&/062$/+

*-0,0($)/0&))$%/

!"#$%&$ )*+%,$-.%/ 0%$1"2/
8#$:6&(21&(.6,1%#+1S(,(0*'&"$(#112&
K(A)%(',.%&2,"5)$#.4,5')1&5#7&02#3(3.)2")7,5*)
&%2(35&2,:(.)2")$%&.2,0
! 1_^-61"&?0%-_5%-90*5+",:-0%?"50*+"#&E-@%9#5"+ "&-RPOWB
! M`;F-6M&+"$`*59"00*?%-9#/4-/&%-l,#&#)"%-F"4,/0*"4%:-

0*AE-@%9#5"+ "&-RPO\B
! ^^[H 6^*,2*?"&?-*&@-^*,2*?"&?-[*5+%-H%?/0*+"#&:E-

@%9#5"+ "&-RPRRB

F&6626*1#+(O,%&"#,61
! 3)7-C5('= 5D=%C)7='G<5=5C4'#
! Q7<4=k(%A7(&%D5&><5446%F<7=>E'=%C)7C5('= F746A'<#
! !<7=>E&)7D%5D=%<'E6E4)DG%E"5)D%M'44%A5D5G'=#

F-,#"& F&6626*1&(T,66&5
! 2D%7<G5D)e5&)7D%='=)E5&'=%&7%I)D=)DG%")G"%F'<I7<A5DE'%

54&'<D5&);'(%&7%E'44>47('-C5('=%()DG4'->('%F45(&)E(#
! 0)DL)DG%<'('5<E"K%'=>E5&)7D%5D=%)D=>(&<6%5E<7((%&"'%

E'44>47('%F5EL5G)DG%;54>'%E"5)D#

!"#$%$ '()

#5*(3.2&5*,5')24()2(045,0&%)04&%%(5'(.)&.."0,&2(*)A,24)

@75&)DG

$&3&1(2(3.)\2(1$(3&2#3(])$3(..#3(])(20?^)&5*)$&3&1(2(3.)\2(1$(3&2#3(])$3(..#3(])(20?^)&5*)

K"7%45

9*9%4
5+4*+%?"%5

2").#+.23&2(.)\FN)24(5)GN^)&5*)



22

7*("&.6,+&(.-&$*6(/*"0,6'&-5'&("&1#$1()5(/2665((
)#*G),1&' *$&1
! $%&'()*+,#-.+/&0*#1#2%3/%/4 5)//%/*6
! $%&'()*+,#,%)0,+.7,+*#1#89:4 ;<=;<=)06

7*(((#$+"&,1&(((%-&((+*00&"+#,6(((;,62&(((*/ 6#:$#$
."*'2+%1
! $7 >=+)5%/3 /+? *<*5)%/)(0+ )/, /&/'5&@%>##

(%&A)5+=%)0*"
! $7 ,+B+0&-%/3 /+? )--0%>)5%&/* ;&= 0%3/%/ %/##

?&&,'()*+, -)/+0 )/, )* )/ ),,%5%B+ ;&=##
CD -=%/5%/3"

7*(."*'2+& '&0*$1%",%*"1
! EAF#&;#?&&,#-)/+0*#A),+#;=&A#GHH#I# (%&'

()*+, ),.+*%B+*"
! J GHH -=%/5+, &(K+>5* -=&,<>+, ?%5. CD##

-=%/5%/3 ?%5. A&=+ 5.)/ EH I (%&'()*+,##
=+*%/"

+-./00"1233+45%6473
!"#$#%&"'()( *+,+V-+,+d/
01!+%*$#%3'D';'D&)8%2#%$'DD'>4)D/%%
?@32%*U# 0'E7><&/

(%9G,-&+1&3.&#..+:39#:%&8++4G03$%4&0#+2+;-+$#9%&1+7&-7+2%$$#./&06&BC&@CI&&
-7#.9#./&3.4&8++4&-3.%" 345%$#+.

8%&+"3&2,"5)*6#5)+,"0"1$".,2(),55":&52)/)+&.()*()+",.)(2)*9:(%"$$(1(52)*().&)1,.()(5)7"31( $&3
$3"09*9.)*6,1$3(..,"5)GN)LNB)(2 24(31"$3(..&'(

!"#$%&$ )*+%,$-.%/ 0%$1"2/
82)1%#%2%#*$(*/(!-&$*6GE*"0,6'&-5'& ?&1#$1
! L%,+07#*-=+), -&07A+="
! :&=A)0,+.7,+#%/#5.+#=+*%/#1 MN8O"
! PA-+=)5%B+#/++,#&;#)#(%&'()*+,4#/&/#5&@%>##
=+-0)>+A+/5"

!"#$%$ '()

G'21D&2&*-.&') '0
2&9)&)

="6&)
0'7,12-.&')

?:"7,'87"66&)9%%
;&.:;''5

TU 87&).&)9

[##@-7*5%@ 9*&%05--
6^*4+",0%7#*4@:

;L+4/5"#&$7*5%@--
94"&+5

L..6#+,%#*$1(%,":&%&'S

L&&,#()*+, -)/+0*
! Q*+,#%/##

;<=/%5<=+ )/,##
>&/*5=<>5%&/

! R=&,<>5%&/##
B&0<A+ ,&<(0+,##
%/#SH 7+)=*

CD -=%/5%/3
! D%*=<-5%/3##

5+>./&0&37
! $=&), =)/3+ &;##

5+>./%T<+* )/,##
)--0%>)5%&/*

! 9)=U+5 ,&<(0+,
%/#V 7+)=*

! 2)=3+'*>)0+#CD##
-=%/5%/3#%/##
-=&3=+**

Z6**'1%"&,0 #$/&+%#*$1
P2&2,.2,0.
! kW8\-)"00"#&-,*5%5-RPO3
! OO-)"00"#&-@%*+=5--"&-RPO3-6RPV-#.-A#40@A"@%-

@%*+=5:

L$%#)#*%#+("&1#1%,$+&

! [DE<'5('%)D%5D&)C)7&)E%<'()(&5DE'K%4'5=)DG%&7%&"'%4'5=)DG%
E5>('%7I%='5&"%C6%+,.,#

! N"'%47DG'<%)(%&"'%&)A'%7I%'II'E&);'%A'=)E5&)7DK%&"'%47M'<%
&"'%(><;);54%<5&'#

F;&*$/#"b-07$A"11"N*$FO$\+%&(c* 7;-*&*$N"#)O$

!"#$%#$:(."*+&11&1
G#4%-94%,"5%-94"&+"&?B F#&+4#0-#.-."0)
=#)#?%&%"+(-*&@-I/*&+"+(-#.-"&25
*990"%@B

!&"/*",%#*$(1%2'5
<%5+"&?-@"..%4%&+-&%%@0%-?%#)%+4"%5-/5"&?-UJ-94"&+"&?-
+#->%4".(-#9+")/)-5=*9%-7%.#4%-"&D%,+"#&-)#0@"&?-

O,%&"#,61 F-,",+%&"#4,%#*$
1+/@( #.-)*+%4"*05 A=",= A#/0@ ."+-+=%-7%5+-+#-+=%-
4%I/"4%)%&+B

A$'21%"#,6#4,%#*$(*/(%-&(0,$2/,+%2"#$:(."*+&11
`&5*1&*( 2")&).2&5*&3*,C(*)$3"*#02

?&[2#"&0&$%1(S
! O1.'/2-<"(87''0 *HS,l@`Hm%A)D`+%C5</
! =&9&5K%<'()(&5D&%&7%C<'5L5G'%=><)DG%('F&>A%F'<I7<5&)7D

! !&'/',8-.&D2"
! L2"/.7&/-22+%&)612-.&)9
! L2"/.7'/:",&/-2%6")6'7K%C5('=%7D%N#35C)D =';)E'

C"768"/.&<"6N%"#$$%&'%()*+,-').#''/%)'#)0+1-#2%)
1,'0%$')&,-%3

!"#$%$ '()

*#&+,--.',/.01,#&2103 JD6L

@3,73&'!=A)=C
!"#$#%&"'()( *+,+S-+,+]/
01!+%*2#$'DD'>4)D8%9#%:';'<=6/
@W2-0'&) $N[O%*!#%U5)44'68%
!#%U5<E7>B/

T7#.9%4&%"%297+.#2$&1+7&%37"6&4%9%29#+.&+1&0"++4$97%3;&#.1%29#+.$
8%(023"5,>#(),1$3,19()$"#3)%()*9$,.2&'()3&$,*()*(.),57(02,"5.).&5'#,5(.

!"#$%&$ )*+%,$-.%/ 0%$1"2/



23

Z6**'1%"&,0 #$/&+%#*$1
P2&2,.2,0.
! kW8\-)"00"#&-,*5%5-RPO3
! OO-)"00"#&-@%*+=5--"&-RPO3-6RPV-#.-A#40@A"@%-

@%*+=5:

L$%#)#*%#+("&1#1%,$+&

! [DE<'5('%)D%5D&)C)7&)E%<'()(&5DE'K%4'5=)DG%&7%&"'%4'5=)DG%
E5>('%7I%='5&"%C6%+,.,#

! N"'%47DG'<%)(%&"'%&)A'%7I%'II'E&);'%A'=)E5&)7DK%&"'%47M'<%
&"'%(><;);54%<5&'#

F;&*$/#"b-07$A"11"N*$FO$\+%&(c* 7;-*&*$N"#)O$

!"#$%#$:(."*+&11&1
G#4%-94%,"5%-94"&+"&?B F#&+4#0-#.-."0)
=#)#?%&%"+(-*&@-I/*&+"+(-#.-"&25
*990"%@B

!&"/*",%#*$(1%2'5
<%5+"&?-@"..%4%&+-&%%@0%-?%#)%+4"%5-/5"&?-UJ-94"&+"&?-
+#->%4".(-#9+")/)-5=*9%-7%.#4%-"&D%,+"#&-)#0@"&?-

O,%&"#,61 F-,",+%&"#4,%#*$
1+/@( #.-)*+%4"*05 A=",= A#/0@ ."+-+=%-7%5+-+#-+=%-
4%I/"4%)%&+B

A$'21%"#,6#4,%#*$(*/(%-&(0,$2/,+%2"#$:(."*+&11
`&5*1&*( 2")&).2&5*&3*,C(*)$3"*#02

?&[2#"&0&$%1(S
! O1.'/2-<"(87''0 *HS,l@`Hm%A)D`+%C5</
! =&9&5K%<'()(&5D&%&7%C<'5L5G'%=><)DG%('F&>A%F'<I7<5&)7D

! !&'/',8-.&D2"
! L2"/.7&/-22+%&)612-.&)9
! L2"/.7'/:",&/-2%6")6'7K%C5('=%7D%N#35C)D =';)E'

C"768"/.&<"6N%"#$$%&'%()*+,-').#''/%)'#)0+1-#2%)
1,'0%$')&,-%3

!"#$%$ '()

*#&+,--.',/.01,#&2103 JD6L

@3,73&'!=A)=C
!"#$#%&"'()( *+,+S-+,+]/
01!+%*2#$'DD'>4)D8%9#%:';'<=6/
@W2-0'&) $N[O%*!#%U5)44'68%
!#%U5<E7>B/

T7#.9%4&%"%297+.#2$&1+7&%37"6&4%9%29#+.&+1&0"++4$97%3;&#.1%29#+.$
8%(023"5,>#(),1$3,19()$"#3)%()*9$,.2&'()3&$,*()*(.),57(02,"5.).&5'#,5(.

!"#$%&$ )*+%,$-.%/ 0%$1"2/



24

!"#$%$&'()

)..30%""%&LF@?!A
!"#$#%&"'()(%*+,+V-+,+d/
01!+%*J#%3<5(8%_#%E"5<4)'</

C76&-7+2%$$#./&;%95+4$&9+&;3.,1329,7%&"+8&%.:#7+.;%.93"G1++9-7#.9&0#+G
03$%4&;39%7#3"$

E&+3,0&2,"5)(5 :",( .<04( *()1&293,&#= +,"."#309. /)(1$3(,52( (5:,3"55(1(52&%( *,1,5#9(

!"#$%&$ )*+%,$-.%/ 0%$1"2/

F12.&(/7&."7&-%-)-2+6&6
F4%*+"#&-#.-*-?0#7*0-9%4.#4)*&,%-"&@%L

B!.",C'@0%,"#0;
? *("8(4*'(0"#4:"54:-'&*#4:

n 0)GD)D
n @'44>47('
n g'A)E'44>47('

!,"/7"=0$1,

n U'E"5D)E54%F<7F'<&)'(
n N"'<A54%F<7F'<&)'(
n OF'E)I)E%F<7=>E&%

<'h>)<'A'D&(

D$?#"7$=,$%0;

n $<6%<'E6E45C)4)&6
n ?<5GA'D&5C)4)&6
n 3)7='G<5=5C)4)&6
n WD'<G6%E7D(>AF&)7D
n 0@2

$)II'<'D&%&6F'%7I%A5&'<)54%("5F)DG%*F7M='<K%E")FK%I)C'</

D$?#"7$=,$%0;'#55.,5'E !;05%#1'#$:.5%")

o @R4 'A)(()7D%=><)DG%F<7=>E&)7D
o 97&%C)7='G<5=5C4'%(7%5%47&%7I%M5(&'(%I)D=(%)&('4I%)D%45D=I)44%

7<%7E'5D%*]b,,%U&5/

-1#,$%#/#1'0:?0$1,5 #$'7."'.$:,"5%0$:#$&'
7/'1,;;.;75#1'(#7=055

o !03,"'0$:'10"(70":'
n g)G"&%'D'<G6%5D=%M5&'<%E7D(>AF&)7D

o F77:'30$,;
n !'&<74'>A-C5('=%5="'();'(%M)&"%I7<A54='"6='K%%

ZR@(%5D=%"'54&"%)((>'(
o G#73;05%#1'/"7='(#7=055

n 07M%C)7='G<5=5C)4)&6%7<%<'E6E45C)4)&6

H,>'140;;,$&,'I'J7>'%7'5.(5%#%.%,'3;05%#1'>#%4'(#7E(05,:'
=0%,"#0;'%40%'.5,5';,55',$,"&)K';,55'>0%,"K'$7'3,%"7;,.='

(05,:'0:4,5#?,5'0$:'%40%'10$'(,'(#7:,&"0:0(;,''L'M

2=T>(&%)DF>&%F5<5A'&'<(%&7%&5)47<%I)D54%F<7F'<&)'(

G)3"7:.1%
? 7('"8%'850#'"-8(4(.,

n 2G<)E>4&><54
n Q77=%)D=>(&<6

V)5"76.-)5&)9%-5:"6&')%8:")',")-%&6%H"+
V6"%'0%D&'(D-6"5%D&)5"76%.'%"):-)/"%,"/:-)&/-2%

8"70'7,-)/"6

NNN'<,?,;73=,$%'7/'=7",'5.5%0#$0(;,'
:")'3"71,55,5'%7'=0*,'=0%,"#0;'/"7='
(#7=055'#$'7":,"'%7'5.(5%#%.%,'3;05%#1

<")'3"71,55

n N"'<A7E7AF<'(()7D
n f4&<5(7D)E%E7AF<'(()7D%

A74=)DG

D$?#"7$$,=,$%0;

n :'=>E'=%E5<C7D%
I77&F<)D&

n O>(&5)D5C4'
n @)<E>45<%'E7D7A6

!"7:.1%

n g)G"-F'<I7<A5DE'
n 07M-E7(&

$)II'<'D&%F<7E'((%F5<5A'&'<%

H

+

!"-./0123145678918:15631-98/;<1=/1>/560:=?56 @A8B=<:901*#*&

!"71,55

n 07M%'D'<G6%
5D=%M5&'<%
E7D(>AF&)7D

n OE545C4'

7('"8%'850#'"-8(4(.,

$<6%F<'(()DG$<6%F<'(()DG

&'()*+,-. / 012/"#/34$#/555"
6..789::-;'<=':>'+?@./012/"#/34$#/555"

! 3< 6,B1 *$ "&'2+%#*$ */ %-& #0.,+% */
.6,1%#+ ."*'2+%1 *$ %-& &$;#"*$0&$%

! !,.&" ,$' Z*,"' "&+5+6#$: #$ E",$+& #$ JPJJ
F#&5/)9+"#&-#.-4%,#>%4%@-9*9%4-*&@-7#*4@

H%,(,0"&?-4*+%! #.-3WBRV-
H%,#>%4(-4*+%" #.-3PBRV-*&@-#.-W\BUV-.#4-9*,2*?"&?

I)/7"-6"5%5",-)5%0'7%7"/+/2"5%0&D"76%) W';"7%0&D"76%
X1-2&.+%) ="51/.&')%'0%8-/H-9&)9%6.7")9.:%87'8"7.&"6

!!"##$%&'"()!"(*+,-&'"(
"!"(*+,-&'"(."/.0$%"1$0$2.-3-$0*)40"2+%&'"(

! !3!? !LFK? ."*H&+%
!2@L5G)DGK :'E6E4)DGK :'E6E45C)4)&6K :'->(' 7I F5F'<( 5D=
E5<C75<=(

!"#$%$ '()

F,")*@56 :"*2.1 +"&,%#*$ *$ 6#:$#$ ,$'
+,")*-5'",%&1 )5 *@#',%#;& ."*+&11 */ %-&
6#:$#/#&' "&+5+6&' /#)&"1

! ^4#)#+% +=% "&+%4."7%4 =(@4#?%& 7#&@5 7( "&,4%*5"&?
+=% 0"?&"& =(@4#9="0", ,=*4*,+%4 *&@ 4%@/,"&? "+5 5+"..&%55

E#)&"(-5'"*.-#6#4,%#*$()5(:",/%#$:(."*+&11

O&+-,$#+,6(,$'(+-&0#+,6(+-,",+%&"#4,%#*$1

?,B(0,%&"#,61

7* '&;&6*. $&B 121%,#$,)6& +-&0#+,6 ."*+&11
%* 2.+5+6& "&+5+6&' /#)&"1 /*" .,+C,:#$:
,..6#+,%#*$1
?' &,87'<" .:" 0&D"7 87'8"7.&"6 '7&9&)-.&)9 07', .:"
7"/+/2&)9 '0 /-75D'-756

#&D"7 18/+/2&)9 16&)9 /:",&/-2 87'/"66"6
! <# "&,4%*5% +=% ."7%4 7#&@"&? 9#+%&+"*0 *&@ A*+%4

4%5"5+*&,%
! <# 0")"+ +=% /5% #. *@@"+">%5 65+*4,= .#4 %L*)90%:8

4%59#&5"70% .#4 94#,%55 *&@ A*5+%A*+%4 +4%*+)%&+
"55/%5

);M"#%&@!<!>=!
!"#$#%&"'()( *+,+S-+,+]/
01!+%*9#%U5<4)D8%1#%U7<&"5/
@W:U2Z%*0#%g'>B/

EU#439#:%&-7+2%$$%$&1+7&7%262"%4&1#0%7$&,-262"#./
X3"09*9.)"=;*&52.)$"#3)%&):&%"3,.&2,"5)*(.)7,+3(.)3(0;0%9(.

!"#$%&$ )*+%,$-.%/ 0%$1"2/

)-CD-@/E@
&$F

C95DA=? '#E

F5/=:590 (E

./0

G=H8;1I95;8

1+)2# '3+)4&

J=IA15/;
.:A891I95;8

5"+0%$.6.!"-3%$#

!>4F)DG

-%0"14

OE<''D)DG !5F'<A5L)DG

$177").%7"/+/2&)9%2&)"%

!>4F)DG OE<''D)DG L !5F'<A5L)DG

J";%7"/+/2&)9%2&)"

="-2%7"/+/2"5%8-8"7
Z&@/5+4"*0-4%,(,0%@-
,#44/?*+%@-9*9%4-$
A"+=-,#&+*)"&*&+5

F'5"2%8-8"7%
_&70%*,=%@-4%."&%@-
24*.+-9/09-$ .4%%-#.-

,#&+*)"&*&+

O67$,'%",0%=,$%

g5D=("''&%A5L)DG!>4F)DG g5D=("''&%A5L)DG



25

! 3< 6,B1 *$ "&'2+%#*$ */ %-& #0.,+% */
.6,1%#+ ."*'2+%1 *$ %-& &$;#"*$0&$%

! !,.&" ,$' Z*,"' "&+5+6#$: #$ E",$+& #$ JPJJ
F#&5/)9+"#&-#.-4%,#>%4%@-9*9%4-*&@-7#*4@

H%,(,0"&?-4*+%! #.-3WBRV-
H%,#>%4(-4*+%" #.-3PBRV-*&@-#.-W\BUV-.#4-9*,2*?"&?

I)/7"-6"5%5",-)5%0'7%7"/+/2"5%0&D"76%) W';"7%0&D"76%
X1-2&.+%) ="51/.&')%'0%8-/H-9&)9%6.7")9.:%87'8"7.&"6

!!"##$%&'"()!"(*+,-&'"(
"!"(*+,-&'"(."/.0$%"1$0$2.-3-$0*)40"2+%&'"(

! !3!? !LFK? ."*H&+%
!2@L5G)DGK :'E6E4)DGK :'E6E45C)4)&6K :'->(' 7I F5F'<( 5D=
E5<C75<=(

!"#$%$ '()

F,")*@56 :"*2.1 +"&,%#*$ *$ 6#:$#$ ,$'
+,")*-5'",%&1 )5 *@#',%#;& ."*+&11 */ %-&
6#:$#/#&' "&+5+6&' /#)&"1

! ^4#)#+% +=% "&+%4."7%4 =(@4#?%& 7#&@5 7( "&,4%*5"&?
+=% 0"?&"& =(@4#9="0", ,=*4*,+%4 *&@ 4%@/,"&? "+5 5+"..&%55

E#)&"(-5'"*.-#6#4,%#*$()5(:",/%#$:(."*+&11

O&+-,$#+,6(,$'(+-&0#+,6(+-,",+%&"#4,%#*$1

?,B(0,%&"#,61

7* '&;&6*. $&B 121%,#$,)6& +-&0#+,6 ."*+&11
%* 2.+5+6& "&+5+6&' /#)&"1 /*" .,+C,:#$:
,..6#+,%#*$1
?' &,87'<" .:" 0&D"7 87'8"7.&"6 '7&9&)-.&)9 07', .:"
7"/+/2&)9 '0 /-75D'-756

#&D"7 18/+/2&)9 16&)9 /:",&/-2 87'/"66"6
! <# "&,4%*5% +=% ."7%4 7#&@"&? 9#+%&+"*0 *&@ A*+%4

4%5"5+*&,%
! <# 0")"+ +=% /5% #. *@@"+">%5 65+*4,= .#4 %L*)90%:8

4%59#&5"70% .#4 94#,%55 *&@ A*5+%A*+%4 +4%*+)%&+
"55/%5

);M"#%&@!<!>=!
!"#$#%&"'()( *+,+S-+,+]/
01!+%*9#%U5<4)D8%1#%U7<&"5/
@W:U2Z%*0#%g'>B/

EU#439#:%&-7+2%$$%$&1+7&7%262"%4&1#0%7$&,-262"#./
X3"09*9.)"=;*&52.)$"#3)%&):&%"3,.&2,"5)*(.)7,+3(.)3(0;0%9(.

!"#$%&$ )*+%,$-.%/ 0%$1"2/

)-CD-@/E@
&$F

C95DA=? '#E

F5/=:590 (E

./0

G=H8;1I95;8

1+)2# '3+)4&

J=IA15/;
.:A891I95;8

5"+0%$.6.!"-3%$#

!>4F)DG

-%0"14

OE<''D)DG !5F'<A5L)DG

$177").%7"/+/2&)9%2&)"%

!>4F)DG OE<''D)DG L !5F'<A5L)DG

J";%7"/+/2&)9%2&)"

="-2%7"/+/2"5%8-8"7
Z&@/5+4"*0-4%,(,0%@-
,#44/?*+%@-9*9%4-$
A"+=-,#&+*)"&*&+5

F'5"2%8-8"7%
_&70%*,=%@-4%."&%@-
24*.+-9/09-$ .4%%-#.-

,#&+*)"&*&+

O67$,'%",0%=,$%

g5D=("''&%A5L)DG!>4F)DG g5D=("''&%A5L)DG



26

!,.&"(#$'21%"5(+*$120.%#*$
! OS$RS-)# #.-A*+%4-Y-+#&-#.-9*9%4
! RB\-2[=-Y-+#&-#.-9*9%4
! R$U-+#&-#.-A##@-Y-+#&-#.-9*9%4
" <A#-*994#*,=%5-+#-4%@/,%-+=%-/5%-#.-4%5#/4,%5-E
OB-b"?=+%&-9*,2*?"&?
RB-Z&,4%*5%-+=%-/5%-#.-4%,(,0%@-9/095-
" !#+=-4*"5%-*&-"55/%-#.-)%,=*&",*0-5+4%&?+=

?#))&'(1%"2+%2"&(
! N"?=-7%&@"&?-5+"..&%55-+#-A%"?=+-4*+"#-
! H"75-&%+A#425-@%9%&@-#&-+=%-5#0","+*+"#&-*&@-

?%#)%+4(-#.-+=%-5+4/,+/4%-+#-4%"&.#4,%
"F#/0@-+=%-94"&+"&?-#.-4"75-#.-9#0()%4-#&-,*4@7#*4@-

7#L%5-7%-*->"4+/#/5-A*(-+#-5+"..%&-+=%)8-*@@4%55"&?-
+=%-*7#>%-"55/%-#.-5+4%&?+=-m-

!"#$%$&'()

K=(!"#$%#$:
! K/5%@-J%9#5"+"#&-G#@%00"&?-n-UJ-94"&+"&?-.4#)-*-

./5%@-."0*)%&+
"G*+%4"*05-E-^bM8-<=%4)#90*5+",-5+*4,=8-a
! b"I/"@-J%9#5"+"#&-G#@%00"&?-E-UJ-94"&+"&?-.4#)-*-

9*5+%
"G*+%4"*05-E-,%00/0#5%-%5+%4-5/59%&5"#&8-9#+%&+"*00(-
*@@"&?-FQF-Y-FQK8-a

F-,",+%&"#4,%#*$1
! C&-,#44/?*+%@-7#*4@-90*+%5-E
" k-9#"&+5-7%&@"&?8-,#)94%55"#&-6;F<:8-J1<
! C&-7#L%5-E-
"F#)94%55"#&-6!F<:8-,(,0",-0#*@"&?8-,4%%9-8-@"?"+*0-

")*?%-,#44%0*+"#&-6JZF:-+#-)%*5/4%-+=%-5+4*"&-."%0@-
#&-9*&%0-5/4.*,%5-*&@-#75%4>%-=#A-+=%(-*4%-0#,*00(-
@%.#4)%@

7*B,"'1(%-&($20&"#+,6(%**6(S
! F*0,/0*+"#&-#.-5+4%55-)*95-.4#)-JZF-5+4*"&-)*95-

/5"&?-90*+%-+=%#4(8-+=%&-%&,#@"&?-*&-*0?#4"+=)-+#-
,*0,/0*+%-*&-#9+")"'%@-5+"..%&"&?-9*++%4&-.4#)-+=#5%-
)*95

ID(E#$'#$:(%-&()&1%(."#$%#$:(."*+&11(\(
1%#//&$#$:(0,%&"#,61
! b#A%5+-%&>"4#&)%&+*0-")9*,+-
! 1/"+*70%-*@=%5"#&-#.-+=%-94"&+%@-9*++%4&5-#&-7#*4@5
! G*L")/)-)%,=*&",*0-94#9%4+"%58-%59%,"*00(-7%&@"&?-

5+"..&%55

JD(F-,",+%&"#4#$:(%-&(0&+-,$#+,6()&-,;#*" */(
)*@&1
! ^4"&+"&?-@"..%4%&+-+(9%5-#.-4"7-9*++%4&-*&@-"@%&+".("&?-

A=",=-#&%-7%5+-5+"..%&-*-?">%&-?%#)%+4(-#.-7#L

KD(=&;&6*.#$:(,($20&"#+,6(%**6(
! C9+")"'"&?-+=%-4"7-9*++%4&-+#-7%-94"&+%@-@%9%&@"&?-

#&-+=%-?%#)%+4(-#.-+=%-7#L%5-

I3U#;%&@!K)V
!"#$#%&"'()(%*+,+S-+,+]/
01!+%*$#%3'D';'D&)8%[#%$'(47G'(K
J#%Z)G>)i/

T7#.9#./&$9#11%.%7$&+.&95%&$,7132%&+1&1+"4#./&+7&2+77,/39%4&0+374$J&3&0#+G
#.$-#7%4&3--7+325&9+&"#/59%.&-32O3/#./&3.4&+-9#;#S%&7%$+,72%&2+.$,;-9#+.
S1$3(..,"5)*()3(57"32.)/)%&).#37&0()*6(1+&%%&'(.)0&32"5.Y)#5()&$$3"04()+,"-,5.$,39()$"#3)&%%9'(3)%(.)

(1+&%%&'(.)(2)"$2,1,.(3)%&)0"5."11&2,"5)*(.)3(.."#30(.?

!"#$%&$ )*+%,$-.%/ 0%$1"2/
3$&":&%#+(%",$1#%#*$
! 9''=%&7%(&7<'%&"'%'D'<G6%F<7=>E'=%
! [DE<'5('%)D%'4'E&<)E%E5<%F<7=>E&)7D%
! 9''=%&7%)AF<7;'%&"'%A5D>I5E&><)DG%F<7E'((

9#%-#20G#*$(),%%&"5

309&4,+"0':%,;"/#'.<'+9&'0.47./&/+-',/:'.7&%,+"./'.<','*"+9"$42"./'
=,++&%>'0&**'? @,%0&*'3094"++'? -*.+':"&'0.,+"/#'.<'*"+9"$4'"./'=,++&%>'

&*&0+%.:&
N"' '4'E&<7='( 5<' A5D>I5E&><'= C6 E75&)DG 5D 5E&);'
A5&'<)54 7D &"' E><<'D& E744'E&7<

o @7FF'<%I)4A%I7<%5D7='
o 24>A)D>A%I)4A%I7<%E5&"7='

!"#$%$ '()
?@A,B C@?D,EFG726',+',6-,H-//'1)'D,I1'*2H6'JAK=,LI?

F*0.,"#1#*$ )&%B&&$(+*..&"(,$'(/#)&"G),1&'(
1%"#.1
I)H%/:-7-/."7&6-.&')
! H=%#0#?",*0-,=*4*,+%4"5*+"#&
! M@=%5"#&-+#-+=%-5/75+4*+%

$'88"7%0&2,%/:-7-/."7&6-.&')%;&.:%-)5%;&.:'1.%
01)/.&')-2&6-.&')
! ;0%,+4",*0-,=*4*,+%4"5*+"#&
! ;0%,+4#,=%)",*0-,=*4*,+%4"5*+"#&
! 1/4.*,%-,=*4*,+%4"5*+"#&
! <=%4)*0-,=*4*,+%4"5*+"#&
! G%,=*&",*0-,=*4*,+%4"5*+"#&

O)-2'9+%:1,&5&.+%0'7%8-8"7%-)5%.:"7,-2%5&2-.-.&')%0'7%
/'88"7%6.7&8

L,"#%&@FA!)F
!"#$#%&"'()( *+,+S-+,+]/
01!+%*:#%!5((5(8%@#%U5<&)D/

?.1",%.2%&+1&95%&476#./&2+.4#9#+.$&+.&95%&$,7132%&-7+-%79#%$&+1&%.4G-7+4,29$&4,7#./&=+""&
9+&=+""&$,7132%&1,.29#+.3"#$39#+.&J&2+;-37#$+.&0%98%%.&2+--%7&3.4&1#0%7G03$%4&$97#-$
Z&.0/%&,%-@%5-,#&@"+"#&5-@%-5o,=*?%-5/4-0%5-94#94"o+o5-@%-5/4.*,%-@%5-94#@/"+5-."&"5-0#45-@%-0*-.#&,+"#&&*0"5*+"#&-@%-

5/4.*,%-H#00-+#-H#00-E-,#)9*4*"5#&-%&+4%-0%5-7*&@%5-p-7*5%-@%-,/">4%-%+-@%-."74%5

!"#$%&$ )*+%,$-.%/ 0%$1"2/
L',.%,%#*$(*/(,(.,.&"(/2$+%#*$,6#4,%#*$('"#;&"(
/*"(%-&(/2$+%#*$,6#4,%#*$(*/(,(),%%&"5(,$*'&
O)'5"%,-)10-/.17&)9%

!$/0+"./,*"A,+"./':%"6&%

8%2'5(*/(,$*'&('"5#$:
V.%#0#1,%#*$(*/(,$*'&('"5#$:
! ZH-@4("&?
! N#+-*"4-@4("&?
! 1/4.*,%-@%.%,+-@%+%,+"#&

IR

Hot air Hot air

Coatin
g

B./:$0+"6"+>'4&,-$%&4&/+'
;"+9'+9&'<.$%27%.=&'->-+&4

C.+,+"./,*'%9&.*.#"0,*'
4&,-$%&4&/+';"+9','0./&27*,/'

->-+&4

3&--"*&':%.7'4&+9.:'+&-+

D,++&%>',/.:&'2 @,%0&*'
3094"++'? 3*.+':"&'0.,+"/#'
.<'*"+9"$42"./'=,++&%>'

&*&0+%.:&-



27

3$&":&%#+(%",$1#%#*$
! 9''=%&7%(&7<'%&"'%'D'<G6%F<7=>E'=%
! [DE<'5('%)D%'4'E&<)E%E5<%F<7=>E&)7D%
! 9''=%&7%)AF<7;'%&"'%A5D>I5E&><)DG%F<7E'((

9#%-#20G#*$(),%%&"5

309&4,+"0':%,;"/#'.<'+9&'0.47./&/+-',/:'.7&%,+"./'.<','*"+9"$42"./'
=,++&%>'0&**'? @,%0&*'3094"++'? -*.+':"&'0.,+"/#'.<'*"+9"$4'"./'=,++&%>'

&*&0+%.:&
N"' '4'E&<7='( 5<' A5D>I5E&><'= C6 E75&)DG 5D 5E&);'
A5&'<)54 7D &"' E><<'D& E744'E&7<

o @7FF'<%I)4A%I7<%5D7='
o 24>A)D>A%I)4A%I7<%E5&"7='

!"#$%$ '()
?@A,B C@?D,EFG726',+',6-,H-//'1)'D,I1'*2H6'JAK=,LI?

F*0.,"#1#*$ )&%B&&$(+*..&"(,$'(/#)&"G),1&'(
1%"#.1
I)H%/:-7-/."7&6-.&')
! H=%#0#?",*0-,=*4*,+%4"5*+"#&
! M@=%5"#&-+#-+=%-5/75+4*+%

$'88"7%0&2,%/:-7-/."7&6-.&')%;&.:%-)5%;&.:'1.%
01)/.&')-2&6-.&')
! ;0%,+4",*0-,=*4*,+%4"5*+"#&
! ;0%,+4#,=%)",*0-,=*4*,+%4"5*+"#&
! 1/4.*,%-,=*4*,+%4"5*+"#&
! <=%4)*0-,=*4*,+%4"5*+"#&
! G%,=*&",*0-,=*4*,+%4"5*+"#&

O)-2'9+%:1,&5&.+%0'7%8-8"7%-)5%.:"7,-2%5&2-.-.&')%0'7%
/'88"7%6.7&8

L,"#%&@FA!)F
!"#$#%&"'()( *+,+S-+,+]/
01!+%*:#%!5((5(8%@#%U5<&)D/

?.1",%.2%&+1&95%&476#./&2+.4#9#+.$&+.&95%&$,7132%&-7+-%79#%$&+1&%.4G-7+4,29$&4,7#./&=+""&
9+&=+""&$,7132%&1,.29#+.3"#$39#+.&J&2+;-37#$+.&0%98%%.&2+--%7&3.4&1#0%7G03$%4&$97#-$
Z&.0/%&,%-@%5-,#&@"+"#&5-@%-5o,=*?%-5/4-0%5-94#94"o+o5-@%-5/4.*,%-@%5-94#@/"+5-."&"5-0#45-@%-0*-.#&,+"#&&*0"5*+"#&-@%-

5/4.*,%-H#00-+#-H#00-E-,#)9*4*"5#&-%&+4%-0%5-7*&@%5-p-7*5%-@%-,/">4%-%+-@%-."74%5

!"#$%&$ )*+%,$-.%/ 0%$1"2/
L',.%,%#*$(*/(,(.,.&"(/2$+%#*$,6#4,%#*$('"#;&"(
/*"(%-&(/2$+%#*$,6#4,%#*$(*/(,(),%%&"5(,$*'&
O)'5"%,-)10-/.17&)9%

!$/0+"./,*"A,+"./':%"6&%

8%2'5(*/(,$*'&('"5#$:
V.%#0#1,%#*$(*/(,$*'&('"5#$:
! ZH-@4("&?
! N#+-*"4-@4("&?
! 1/4.*,%-@%.%,+-@%+%,+"#&

IR

Hot air Hot air

Coatin
g

B./:$0+"6"+>'4&,-$%&4&/+'
;"+9'+9&'<.$%27%.=&'->-+&4

C.+,+"./,*'%9&.*.#"0,*'
4&,-$%&4&/+';"+9','0./&27*,/'

->-+&4

3&--"*&':%.7'4&+9.:'+&-+

D,++&%>',/.:&'2 @,%0&*'
3094"++'? 3*.+':"&'0.,+"/#'
.<'*"+9"$42"./'=,++&%>'

&*&0+%.:&-



28

!"#$%&'(!3OEF('&;&6*.&'()5(F3L
RCT'E&);'(Y%7II'<%5%(>(&5)D5C4'K%'E747G)E54%5D=%'E7D7A)E54%
&'E"D747G6#

<:>#4*#3-&"(7"/'%4*%43;"0%36*2-%36*@"8(./#8*@"'(00"*("'(00"
%4:5&*'%#0%A#*%(4"#4:"70-$%)0-"%4"%./0-.-4*#*%(4

!"#$%&'()#.*6,"(.6,%&1(#$(!3OEF(+&661
!<)D&)DG%7I%I4>)=)E%E"5DD'4(%&7%=)(&<)C>&'%G5('(%5D=%E774)DGK%
E7D=>E&%'4'E&<7D(K%M5&'<%A5D5G'A'D&%5D=%A'E"5D)E54%
(&<'DG&"%7I%&"'%E'44

$-7D')%/',8'6&."6%87&)."5%')%/-7D')%61D6.7-."6%
!1. D-6"5%')%:-7,012%021'7'8'2+,"7%&)/',8-.&D2"%

;&.:%8'.").&-2%L17'8"-)%2"9&62-.&')

!"#$%$&'()

7B*(%5.&1(*/(+*0.*1#%&1
! F#)9#5"+%5-A"+=-@"5,#&+"&/#/5-9#0()%4-)*+4"L8-

,/4%@-6\P$OUPTF:
! F#)9#5"+%5-A"+=-,#&+"&/#/5-9#0()%4-)*+4"L8-,/4%@-

*&@-,*47#&"'*+"#&-6WSPTF:

#&)5%.:"%'8.&,1,%&)H%/',8'6&.&')%.'%'D.-&)%-%
/',8'6&."%.:-.%,"".6%68"/&0&/-.&')6

A$C(+-,",+%&"#4,%#*$
! :"'747G)E54%C'"5;)7<%a$:"'7A'&'<
! O&5C)4)&6K%"7A7G'D')&6K%5GG<'G5&)7D%a OWU

!"#$%&'(+*0.*1#%&(+-,",+%&"#4,%#*$((
! O&<>E&><54%F<7F'<&)'(%a OWUK%='D()&6%A'5(><'K%
F'<A'5C)4)&6%A'5(><'%%
! W4'E&<)E54%F<7F'<&)'(%a [@:%&'(&
! N"'<A7-A'E"5D)E54%F<7F'<&)'(%
aA'E"5D)E54%&'(&%)D%E7AF<'(()7DK%
$O@K%N12K%$U2K%'&E#%
! O><I5E'%F<7F'<&)'(%a E7D&5E&%5DG4'
! :'()(&5DE'%)D%(&5EL'=%'D;)<7DA'D&%
a$5G')DG%&'(&

="82-/&)9%.:"%021'7'8'2+,"7%&)%.:"%/',8'6&."%;&.:%-%
D&'D-6"5 8'2+,"7

?'%'D.-&)%-%/',8'6&."%.:-.%,"".6%68"/&0&/-.&')6

F*0.*1#%&(1.&+#/#+,%#*$1(
! F#)9#5"+"#&E-7"#7*5%@ 7"&@%4-q-,*47#&-."00%45
! F#)94%55">%-%0%,+4",*0-,#&@/,+">"+(8-ZFH-r-OP-Ap#EAa%

/&@%4-O-G^*
! H%5"5+*&+-+#-=%*+-6WP-TF:8-A*+%4Y)#"5+/4%-*&@-*,"@5-

69N-n-U:

!"#$%#$:(."*+&11&1S(8+"&&$G."#$%#$:
:'(74>&)7DY%.,%jA
N")ELD'((Y%+,,%jA

#'7,12-."%&)H6%/',8-.&D2"%;&.:%.:"%6/7"")(87&).&)9%
87'/"66%.'%6:-8"%.:"%/',8'6&."

H%"43&IEAD!?@GE*X(
!"#$#%&"'()(%*+,+S-+,+]/
01!+%*$#%3'D';'D&)/
ON!W%- @W2%0)&'D *1#%?><)5 8%
J?#%345E"7& 8%U#%g')&eA5DD/

C%:%"+-;%.9&+1&2+.4,29#:%&0#+$+,72%4 2+;-+$#9%$&1+7&T!I<*&1,%"&2%""$
N9:(%"$$(1(52 *()0"1$".,2(.)+,"."#309.)0"5*#02(#3. $"#3)%(.)0(%%#%(.)X8BE!

!"#$%&$ )*+%,$-.%/ 0%$1"2/

Printed PEMFC Printed bipolar plate

Screen-printing principle 

ICR test principle 

T7+2%$$
! O.)=)>5+=%W)5%&/#&;#5.+##

+@-+=%A+/5)0#*+5'<-#&; =+;%/%/3##
-=&>+**#?%5.#),K<*5)(0+##
-)=)A+5+=*#=+*<05%/3#%/##
*-+>%)0%W+,#-)-+=#;&=#B)=%+,##
-<=-&*+*

! X+?#-=&>+**#.)*#5&(+
>&A-)5%(0+#?%5.#5.+##
>&/B+/5%&/)0#5+>./&0&3%>)0##
-=&>+**+*

?.:%$9#/39#+.$
! Y;;+>5*#&;#>&A-=+**%&/#=+;%/%/3#&/#;%(+=##
;0+@%(%0%57#Z#;0&>><0)5%&/4#-=+**%/3#)/, ,=7%/3

! Y;;+>5*#&;#A%@%/3#5+A-+=)5<=+#&/ -<0-
-=&-+=5%+*#Z#+/+=37 =+T<%=+A+/5

! :&=+>)*5%/3#A%@%/3#+;;%>%+/>7#(7#A&,+00%/34##
A+)*<=+A+/5#&;#-<0-#B%*>&*%57#)5#.%3.##
>&/*%*5+/>7

=+;%/%/3##
),K<*5)(0+##

%/##
B)=%+,##

>&/B+/5%&/)0#5+>./&0&3%>)0##

E0Y%29#:%$
! 5&#+B)0<)5+#5.+#/+? 5+>./&0&37
! 5.+#-&**%(%0%5%+*#&;#5.+#/+?#*5=+/35.+/##
,+B+0&-A+/5#*5=)5+37#5&#(+#%A-0+A+/5+,#%/##
5.+#-)-+='A)U%/3 %/,<*5=7

D3$O$
! 5&#+*5%A)5+#5.+#-&5+/5%)0#3)%/#;&=#*-+>%;%>##
-)-+=#[#(&)=, 3=),+*

! +;;+>5*#&;#>&A-=+**%&/#=+;%/%/3#&/#5.+##
U%/+5%>*#&;#?)5+=#+0%A%/)5%&/#)5#+)>.#&;#5.+##
*5)3+*#&;#>&/*&0%,)5%&/#&;#5.+#;%(=&<*##
A)55=+**

! +B)0<)5%&/#&;#+/+=37#>&/*<A-5%&/#)5#+)>.##
*5)3+#\=+;%/%/34#,=)%/%/34#-=+**%/34 ,=7%/3]

! *5<,7 5.+ +;;+>5 &; >&A-=+**%&/ =+;%/%/3 &/
*<=;)>%/3#&-+=)5%&/*#\*%W+'-=+**4 >&)5%/3]

! 5&#+*5%A)5+#-&5+/5%)0#5+>./&0&3%>)0 >&*5*

*+$9#. T)A)
!"#$#%N"'()( *+,+S-+,+]/
01!+%*:#%!5((5(8%J#Z)G>)i/
@N!%%%%*3#@5<<i/

*+;-7%$$#+.&7%1#.#./&3.&#..+:39#:%&-7+2%$$&1+7&7%4,2#./&%.%7/6&2+.$,;-9#+.&#.&95%&&
-3-%7;3O#./ #.4,$976

J&77,5&'()$&3)0"1$3(..,"5])#5)$3"09*9),55":&52)$(31(22&52)*()39*#,3()%&)0"5."11&2,"5)95(3'92,>#()) *()%6,5*#.23,(
$&$(2,<3(

!"#$%&$ )*+%,$-.%/ 0%$1"2/

!.:#7+.;%.93" #;-329
! .%3.#+/+=37#>&/*<A-5%&/#%/#5.+# -=&,<>5%&/
&;#-)-+=*#)/,>)=,(&)=,*

! )#*%3/%;%>)/5#=+,<>5%&/#%/#5.+#+/+=37##
>&/*<A-5%&/#&;#5.+#-)-+=#%/,<*5=7#)/,##
)**&>%)5+,#3=++/.&<*+#3)* +A%**%&/*

A%8&-7+2%$$&3.4&;39%7#3" 4%:%"+-;%.9
! -=&>+** %/#&=,+= 5& =+,<>+ +/+=37 )/,##

?)5+= >&/*<A-5%&/
! A)%/#A+5.&,#5&#>=+)5+#/+?07 %A-=&B+,

A)5+=%)0*#*+=B%/3#*-+>%;7%/3 /++,*

!"#$%$ '()



29

T7+2%$$
! O.)=)>5+=%W)5%&/#&;#5.+##

+@-+=%A+/5)0#*+5'<-#&; =+;%/%/3##
-=&>+**#?%5.#),K<*5)(0+##
-)=)A+5+=*#=+*<05%/3#%/##
*-+>%)0%W+,#-)-+=#;&=#B)=%+,##
-<=-&*+*

! X+?#-=&>+**#.)*#5&(+
>&A-)5%(0+#?%5.#5.+##
>&/B+/5%&/)0#5+>./&0&3%>)0##
-=&>+**+*

?.:%$9#/39#+.$
! Y;;+>5*#&;#>&A-=+**%&/#=+;%/%/3#&/#;%(+=##
;0+@%(%0%57#Z#;0&>><0)5%&/4#-=+**%/3#)/, ,=7%/3

! Y;;+>5*#&;#A%@%/3#5+A-+=)5<=+#&/ -<0-
-=&-+=5%+*#Z#+/+=37 =+T<%=+A+/5

! :&=+>)*5%/3#A%@%/3#+;;%>%+/>7#(7#A&,+00%/34##
A+)*<=+A+/5#&;#-<0-#B%*>&*%57#)5#.%3.##
>&/*%*5+/>7

=+;%/%/3##
),K<*5)(0+##

%/##
B)=%+,##

>&/B+/5%&/)0#5+>./&0&3%>)0##

E0Y%29#:%$
! 5&#+B)0<)5+#5.+#/+? 5+>./&0&37
! 5.+#-&**%(%0%5%+*#&;#5.+#/+?#*5=+/35.+/##
,+B+0&-A+/5#*5=)5+37#5&#(+#%A-0+A+/5+,#%/##
5.+#-)-+='A)U%/3 %/,<*5=7

D3$O$
! 5&#+*5%A)5+#5.+#-&5+/5%)0#3)%/#;&=#*-+>%;%>##
-)-+=#[#(&)=, 3=),+*

! +;;+>5*#&;#>&A-=+**%&/#=+;%/%/3#&/#5.+##
U%/+5%>*#&;#?)5+=#+0%A%/)5%&/#)5#+)>.#&;#5.+##
*5)3+*#&;#>&/*&0%,)5%&/#&;#5.+#;%(=&<*##
A)55=+**

! +B)0<)5%&/#&;#+/+=37#>&/*<A-5%&/#)5#+)>.##
*5)3+#\=+;%/%/34#,=)%/%/34#-=+**%/34 ,=7%/3]

! *5<,7 5.+ +;;+>5 &; >&A-=+**%&/ =+;%/%/3 &/
*<=;)>%/3#&-+=)5%&/*#\*%W+'-=+**4 >&)5%/3]

! 5&#+*5%A)5+#-&5+/5%)0#5+>./&0&3%>)0 >&*5*

*+$9#. T)A)
!"#$#%N"'()( *+,+S-+,+]/
01!+%*:#%!5((5(8%J#Z)G>)i/
@N!%%%%*3#@5<<i/

*+;-7%$$#+.&7%1#.#./&3.&#..+:39#:%&-7+2%$$&1+7&7%4,2#./&%.%7/6&2+.$,;-9#+.&#.&95%&&
-3-%7;3O#./ #.4,$976

J&77,5&'()$&3)0"1$3(..,"5])#5)$3"09*9),55":&52)$(31(22&52)*()39*#,3()%&)0"5."11&2,"5)95(3'92,>#()) *()%6,5*#.23,(
$&$(2,<3(

!"#$%&$ )*+%,$-.%/ 0%$1"2/

!.:#7+.;%.93" #;-329
! .%3.#+/+=37#>&/*<A-5%&/#%/#5.+# -=&,<>5%&/
&;#-)-+=*#)/,>)=,(&)=,*

! )#*%3/%;%>)/5#=+,<>5%&/#%/#5.+#+/+=37##
>&/*<A-5%&/#&;#5.+#-)-+=#%/,<*5=7#)/,##
)**&>%)5+,#3=++/.&<*+#3)* +A%**%&/*

A%8&-7+2%$$&3.4&;39%7#3" 4%:%"+-;%.9
! -=&>+** %/#&=,+= 5& =+,<>+ +/+=37 )/,##

?)5+= >&/*<A-5%&/
! A)%/#A+5.&,#5&#>=+)5+#/+?07 %A-=&B+,

A)5+=%)0*#*+=B%/3#*-+>%;7%/3 /++,*

!"#$%$ '()



30

L%*0#+(9,5&"(=&.*1#%#*$

!"*%&+%#*$(1%",%&:5(
\(R&B(%&+-$*6*:#&1

3+*+*$+&.%#*$
H%,(,0*7"0"+(
J/4*7"0"+(
b".%-F(,0%-M55%55)%&+

]#:-(),""#&" \(0&+-,$#+,6 ."*.&"%#&1
@4()3(>#,3(1(52. 7"3)&)'""*)$&0W&',5'

!"#$$%&'#(&)*+
E%(=,+%()\`,'4-$(37"31&50()a)T3((5^
b&2(3)+&33,(3 1"%*(* 0(%%#%".(
E"&1

B-/-4:%43 (4"*6-"#//0%8#*%(4;
" C#*-'@"C#*-'"D#/('@"E$,3-4 F"G'-#&- H#''%-'&
" I,:'(/6()%8
" G((:"2-*"#4:":',".-86#4%8#0"#4:"*6-'.#0""/'(/-'*%-&

*5"+M&T)=?(?
!"#$#%&"'()( *+,+S-+,+]/
01!+%*J#3:2O/
O[U2!%*W#3029_fWN/
@[0qR2%*?#UW:@[W:/

)@C&+-9#;#S39#+. 1+7 2%"","+$#2 $,0$9739%
!"#$%$&'#$()*+,*#-'$#.%.)#*/01*2/#(%$3*0'4.-*1."(&$#$()5*&,-*&,""(-#*3.66,6(&$7,.*8'--$9-.*.#*

-.3436'86.*+')&*6.*+(%'$).*+.*6:.%8'66';.

!"#$%&$ )*+%,$-.%/ 0%$1"2/
R&B(6&:#16,%#*$ *$(.6,1%#+(.,+C,:#$:
J(*#0( J(#.( J(0;0%(
! RRY #.-+=%-?0#7*0-90*5+",5-.#4-9*,2*?"&?-
M&@-#&0( Z[Y 4%,(,0%@ "&-RPROa
o 1"&?0%-_5%-^0*5+",5-J"4%,+">%-6RPO\:
o ^*,2*?"&?-*&@-^*,2*?"&?-[*5+%-H%?/0*+"#&-6RPOW:

Y"&&$(,6%&"$,%#;&
$"2212'6&/ ,-."7&-26
B".2)&+#5*&52 +,"$"%;1(3 "5)(&324
J(0;0%&+%(])Q,"*('3&*&+%())a)J(5(A&+%(

L !/+-X(31(&+%(])L"A)+&33,(3 a)`;*3"$4,%,0

FA9^VL
!3(&2(* ,5)c#5()FUFF),5)T3(5"+%(
J%>%0#9-*&-"&&#>*+">%-=(@4#9=#7",-7*44"%4-+4%*+)%&+-
.#4-,%00/0#5%-5/75+4*+%5-A"+=-.%A-&*&#)%+%45-#.-
,%4*)",

!"#$%$ '()

*#&+,--.',/.01,#&2103

3@%"21#*$

Q,"1&2(3,&%.

F*,%#$: ."*+&11

Z,""#&" +-,",+%&"#4,%#*$

E*"026,%#*$
! K/&,+"#&*0"'%@ 7"#)*+%4"*05
! Q*&#,%00/0#5%
! Q*&#0"?&"&

F*,%#$:
! ^4#,%55-#9+")"'*+"#&
! G/0+"0*(%45

F-,",+%&"#4,%#*$
! !*44"%4 )%+=#@5 #.-,=*4*,+%4"'*+"#&

A$'21%"#,6#4,%#*$
! _95,*0"&?
! Z&@/5+4"*0 *@*9+*7"0"+(

3$'(*/(6#/&
! H%,(,0*7"0"+(
! bFM

(,S6&=,3.+
!"#$#%&"'()( *+,+V-+,+d/
01!+%*J#%3<5(%8%9#%3'4G5E'A/
15(E7GD'%!5F'<%*J#%$'(A5)(7D( 8%
2#%!)D(744'/
7-_1&(+*$/#'&$%#&66&

C%:%"+-;%.9 +1&.%8&0#+03$%4 0377#%7 $+",9#+.$&1+7&1"%U#0"%&-32O3/#./
N9:(%"$$(1(52)*()5"#:(%%(.)."%#2,"5.)+&33,<3(.)+,"."#309(.)$"#3)(1+&%%&'(.)7%(=,+%(.

!"#$%&$ )*+%,$-.%/ 0%$1"2/
?&:26,%#*$1
P[X)*,3(02,:()d eT8!)%&A

! Z))"&%&+-&%%@-+#-."&@-90*5+",$.4%%-5#0/+"#&5

! 1#0/+"#&5-5/,=-*5-9%+4#$7*5%@-,#*+"&?5-#4-0*)"&*+%@-
9*9%45-*4%-%)%4?"&?8-7/+-*+-+=%-%L9%&5%-#.-%&@$#.$
0".%-"55/%5

F&6626*1&'(),1&'(0,%&"#,61(,$'(&1.&+#,665(
+*,%&'(.,.&"(,..&,"(."*0#1#$:

! <=%"4-/5%-"5-5+"00-0")"+%@-@/%-+#-+=%"4-0#A-7*44"%4-
94#9%4+"%5

! K#4,%-+#-/5%-9%+4#$7*5%@-*&@-,#&+4#>%45"*0-94#@/,+5-
6^eJF8-!^M8-^KM1a:

!"#$%$ '()

PAPER

3@%"21#*$

Q,"1&2(3,&%.

J548*%(4#0%A-:"
.#*-'%#0

K(00"*("'(00

+0(*":%-



31

3@%"21#*$

Q,"1&2(3,&%.

F*,%#$: ."*+&11

Z,""#&" +-,",+%&"#4,%#*$

E*"026,%#*$
! K/&,+"#&*0"'%@ 7"#)*+%4"*05
! Q*&#,%00/0#5%
! Q*&#0"?&"&

F*,%#$:
! ^4#,%55-#9+")"'*+"#&
! G/0+"0*(%45

F-,",+%&"#4,%#*$
! !*44"%4 )%+=#@5 #.-,=*4*,+%4"'*+"#&

A$'21%"#,6#4,%#*$
! _95,*0"&?
! Z&@/5+4"*0 *@*9+*7"0"+(

3$'(*/(6#/&
! H%,(,0*7"0"+(
! bFM

(,S6&=,3.+
!"#$#%&"'()( *+,+V-+,+d/
01!+%*J#%3<5(%8%9#%3'4G5E'A/
15(E7GD'%!5F'<%*J#%$'(A5)(7D( 8%
2#%!)D(744'/
7-_1&(+*$/#'&$%#&66&

C%:%"+-;%.9 +1&.%8&0#+03$%4 0377#%7 $+",9#+.$&1+7&1"%U#0"%&-32O3/#./
N9:(%"$$(1(52)*()5"#:(%%(.)."%#2,"5.)+&33,<3(.)+,"."#309(.)$"#3)(1+&%%&'(.)7%(=,+%(.

!"#$%&$ )*+%,$-.%/ 0%$1"2/
?&:26,%#*$1
P[X)*,3(02,:()d eT8!)%&A

! Z))"&%&+-&%%@-+#-."&@-90*5+",$.4%%-5#0/+"#&5

! 1#0/+"#&5-5/,=-*5-9%+4#$7*5%@-,#*+"&?5-#4-0*)"&*+%@-
9*9%45-*4%-%)%4?"&?8-7/+-*+-+=%-%L9%&5%-#.-%&@$#.$
0".%-"55/%5

F&6626*1&'(),1&'(0,%&"#,61(,$'(&1.&+#,665(
+*,%&'(.,.&"(,..&,"(."*0#1#$:

! <=%"4-/5%-"5-5+"00-0")"+%@-@/%-+#-+=%"4-0#A-7*44"%4-
94#9%4+"%5

! K#4,%-+#-/5%-9%+4#$7*5%@-*&@-,#&+4#>%45"*0-94#@/,+5-
6^eJF8-!^M8-^KM1a:

!"#$%$ '()

PAPER

3@%"21#*$

Q,"1&2(3,&%.

J548*%(4#0%A-:"
.#*-'%#0

K(00"*("'(00

+0(*":%-



32

V6#:*1,++-,"#'&1(.2"#/#+,%#*$(,$'(
+-,",+&%#4,%#*$
! f4&<5I)4&<5<&)7D
! g!0@%
! ?N[:%
! U20$[%N7?

!"&)#*%#+(%&1%1(#$+62'#$:('/)1'1% ,$'('/)1',-%
! O@?2%5D546()(%
! ?47M%@6&7A'&<6
! U'&5G'D7A)E%(&>=6%7I%E5'E54 A)E<7C)7&5
! 2D546()(%7I%@6&7L)D'(

N"' '(&5C4)("A'D& 7I C)7<'I)D'<)'( )( E<>E)54 I7< 'D5C4)DG
)D&'G<5&'= F<7=>E&)7D 7I I77=K I''=K E"'A)E54(K A5&'<)54(K
I>'4(K 5D= 'D'<G6 )D &"' I>&><'#
]&0#+&6266*1& ;,6*"#4,%#*$
;547<)e)DG%"'A)E'44>47('%F456(%5%E<>E)54%<74'%)D%A5B)A)e)DGY
D <'(7><E'%>&)4)e5&)7D
D =);'<()I6)DG%F<7=>E&%(&<'5A(
D <'=>E)DG%M5(&'
D F<7A7&)DG%(>(&5)D5C)4)&6%)D%C)7A5((%F<7E'(()DG%

)D=>(&<)'(#
!"&)#*%#+1
$>' &7 &"')< (&<>E&><54 <'('AC45DE' &7 E7AA7D =)'&5<6
I)C'<(K M77=-C5('= 74)G7(5EE"5<)='( 'B")C)& F<'C)7&)E
E"5<5E&'<)(&)E(K F<7;)=)DG 5=;5D&5G'7>( 'II'E&( 7D &"' "7(&k(
"'54&" C6 ('4'E&);'46 )DI4>'DE)DG &"' E7AF7()&)7D 7I &"' G>&
A)E<7C)7&5#

!"#$%$ '()

! C17&0&/-.&')%-)5%/:-7-/."7&*-.&')%'0%.:"%
K2&9'6-//:-7&5"%6'21.&')\6%07-/.&')6%;&.:%.:"%
8'66&D&2&.+%'0%:-<&)9%-)%&,,1)','512-.'7+%"00"/.

! #&)5&)9 .:"%,'6. 7"2"<-).%,&/7'D&-2 /')6'7.&1,
-)5%6+6.",%.'%&)&.&-22+ 6/7"")%.:"%07-/.&')6

! G.15+ .:"%87',&6&)9 07-/.&')6%&*",&,)E%.'%"<-21-."
.:"%&,,1)','512-.'7+ "00"/. '0%.:"%07-/.&')6

A#,$53&()<)=?
!"#$#%&"'()( *+,+S-+,+]/
01!+%*@#%@")<5&/
N[U@%*3#%N7>((5)D&8%$#%g5DD5D)/

(9,46 95%&A39,7%&+1&Z++4&E"#/+$322537#4%$&1+7&95%#7 T7%0#+9#2 %11%29$
"#$%&'%&'()&**&#'%&'(+',+#$-&'%&.'/(01/.+223+-0%&.'%)34502&(($(/.&.'%&'6/0.'.$-'(&$-.'7-/7-04#4.'

7-460/#08$&.

!"#$%&$ )*+%,$-.%/ 0%$1"2/

Graphics created with BioRender.com

1.La Rosa, et al.(2019). Wood-derived dietary fibers promote 
beneficial human gut microbiota. MSphere, 4(1), 10-1128.
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