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1. INTRODUCTION
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: Q :%H R âè>-H�:%ké:%H R âè<%> J ='A Q-R DKT Q ge�-�-h×= S :«=':%H5CË:%ké:%H R >-:%<%> Q >-C�A'<«ä�L J A Q ='H5>-O-W-<%:%OÌ='> R A c :ÃC�>-H5:
w-H5:%<%A J :mL Q OÃW Q L%C�G-A R W->-W J < S L%H5L%<%=':%H5A'~ L%='A'> Q >-E¨= S :m<%>-C�G-A Q L%='A'> Q >-E�L Q :%ké:%H R â�L Q L%;'â J A J ä�A'= S L Q
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L Q L%;'â J : J O-> Q >-= S L c :�='>¢G-:	<%>-C�G-A Q :%OmA Q = S :	C�>-H5: R : Q :%H5L%;�E5A':%;'Om>-E�= S :%H5C�>-:%<%> Q >-C�A'< J [)ä S :%H5:%L J
A Q :%ké:%H R >-:%<%> Q >-C�A'<¨= S :%âÄL%H5:¨A Q =': R H5L%=':%O�= S H5>-W R S :%ké:%H R âÄ<%> J ='A Q-R D j�> Q-J :%æ-W-: Q =';'âã[-:%ké:%H R >-:%<%> Q >-C�A'<
A J L�w-L%H5='[-= S :�C�> J = J A R Q A'E5A'<%L Q =�> Q :%[->-E@= S :%H5C�>-:%<%> Q omics.
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w-H5: J : Q =':%O»A Q MNA R D#g-D�� Q :�A'C�w->-H5='L Q = J A'C�W-;'L%='A'> Q H5: J W-;'=¥A J = S L%= J â Q-R L J L%=§= S :�:%kéA'=§>-E�= S : R L J A'E5A':%HS L J L	=':%C�w-:%H5L%='W-H5:	>-E��-h-l�� j�[ J >ºL%;';'>-ä�A Q-R = S :¹:%;'A'C�A Q L%='A'> Q >-E¥= S : c :%H5â�:%kéw-: Q-J A c : J â Q-R L J <%>->-;':%HêD
MN>-H J â Q-R L J <%;':%L Q A Q-R A'=)ä�L J L J�J W-C�:%O�L�;'>-ä�=':%C�w-:%H5L%='W-H5: J â J =':%C�ä�A'= S = S :�W J :�>-EKE5L%G-H5A'<�E5A';'=':%HKL Q O
ä�:%= J <%H5W-G-G-:%HêDãd�:%E5>-H5:¹= S : J <%H5W-G-G-:%H¥L J :%=@>-E S :%L%=@:%ké< S L Q-R :%H J A J W J :%OºL Q Oº= S :¹H5L%ä J â Q-R L J : Q :%H R â
A J�J :%æ-W-: Q ='A'L%;';'â�H5:%<%> c :%H5:%O¢='>¢w-H5: S :%L%=#= S :�<%;':%L Q¢J â Q-R L J Y5W-w¢='> 	-l-i�� j�Z]G-:%E5>-H5:	A'= J A Q VF:%<%='A'> Q L%=�= S :R L J ='W-H5G-A Q :�<%>-C�G-W J ='A'> Q < S L%C�G-:%HêD`KS :�w->-ä�:%H J â J =':%C A J G-L J :%Om> Q = S : b d�d � ` gei R L J ='W-H5G-A Q :%[)L Q A Q O-W J ='H5A'L%;�C�L%< S A Q :	L%G-;':	='>
w-H5>-O-W-<%:��
	@D � x � ä S : QBQ L%='W-H5L%; R L J A J G-W-H Q :%OBL%=§TU_���G-L J A J Déf)H5:%O-A'<%='A Q-R¢R L J ='W-H5G-A Q :�>-w-:%H5L%='A'> Q
ä�A'= S�J â Q-R L J L%=N�-n�� j×Y5L c :%H5L R :�L Q-Q W-L%;NL%C�G-A': Q =NA Q = S :�C�LFVF>-H5A'='â J W R L%H#w-H5>-O-W-<%A Q-R <%>-W Q ='H5A': J Z#L Q O»g
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ä�L J W J :%O¢E5>-H]= S A J w-W-H5w-> J :%[ W J A Q-R = S : J >-;'W-='A'> Q <%>-H5H5: J w-> Q O-: Q =#='>¢= S : � ` >-w-:%H5L%='A'> Q ä�A'= S¢Q L%='W-H5L%;R L J L J H5:%E5:%H5: Q <%:�D { :%='L%A'; J >-E�= S :	>-E5E -O-: J A R QmJ A'C�W-;'L%='A'> Q w-H5>-<%:%O-W-H5:	L%H5:	O-: J <%H5A'G-:%OmA Q ��L%;'=':%H¥:%=@L%;FD
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d�A'>-C�L J�J W-;'='A'C�L%=':�L Q L%;'â J A J L Q O R L J <%>-C�w-> J A'='A'> Q Y � C�>-;':%Z@G-â�='âãw-:�D
��������������	�

�����������

– ������� ������� Element � ���
syngas

�! ����"
syngas

#%$�� �&�����
Stack

Point '�(�)+*-, (5) '�.�)0/�, (8)
Carbon 44.8 O2 0.00 0.00 19.14 17.64
Oxygen 39.5 H2 11.34 14.02 0.00 0.00
Hydrogen 5.4 CO 5.27 6.51 0.00 0.00
Nitrogen 0.4 CO2 20.14 24.90 1.54 1.42
Sulfur 0.0 CHX 8.81 10.89 0.00 0.00
Ash 9.8 H2O 21.51 3.22 1.44 9.14
LHVdry 1 243�5 6 ��7 17.7 N2 32.72 40.46 77.87 71.79

Others 0.21
LHV 8:9�;=<?>:@ A B C:D EGF�>:H:B E�H:B A [MJ/kg] 9.45 IKJ&L 	 1 6�3�5 6 ��7 5615
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MN>-;';'>-ä�A Q-R = S : C�L J�J L Q O : Q :%H R â¸G-L%;'L Q <%: J L J E5A'H J = J =':%w-[·= S : = S :%H5C�>-:%<%> Q >-C�A'< L Q O
:%ké:%H R >-:%<%> Q >-C�A'<�C�>-O-:%;)<%L Q G-:�L%w-w-;'A':%O@D T Q L%;';)<%L J : J = S :%H5C�>-O-â Q L%C�A'<%L%;)w-H5>-w-:%H5='A': J L%H5:�: c L%;'W-L%=':%O-[
L J A J�J�S >-ä A Q MNA R D��@D `KS : J w-:%<%A'E5A'<ºG-L R L J�J :º:%ké:%H R â�Y bZ�A J <%>-C�w-W-=':%O
W J A Q-R = S : � >-ä�:%H���:%L%='A Q-R
}�L%;'W-:�Y LHVZ�A Q L%;';§<%L J : J [ h[ s[@L Q O T L%H5:�= S :�: Q = S L%;'w-âã[@: Q ='H5>-w-âºL Q O�=':%C�w-:%H5L%='W-H5:�H5: J w-:%<%='A c :%;'âND`KS : J W-G J <%H5A'w-= J ch[ ph L Q O 0 L%H5:�H5:%E5:%H#='>�= S :�< S :%C�A'<%L%;N:%ké:%H R âã[�w S â J A'<%L%;N:%ké:%H R â¹L Q O�: Q c A'H5> Q C�: Q =
respectively.
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% ��&���������#����!'�����(*)
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�,.-	��'��/,.
�#���0

% ��&���������#����!'�����(*)
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�,.-	��'��/,.
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LHVbb drychbag Φ== ( )000 ssThhb −−−= chph bbb +=

MNA R W-H5: -�@D � : Q :%H5L%;�<%> Q <%:%w-= J E5>-H@= S :%H5C�>-O-â Q L%C�A'<%[-= S :%H5C�>-:%<%> Q >-C�A'<�L Q O	:%ké:%H R >-:%<%> Q >-C�A'<
modeling.

d�L R L J�J :	A J = S :	> Q ;'â�E5W-:%;�E5>-H�= S A J¨J ='W-O-âND TU= J¨J w-:%<%A'E5A'<	:%ké:%H R â�A J <%L%;'<%W-;'L%=':%Oº= S H5>-W R S < S :%C�A'<%L%;
:%ké:%H R â�<%> Q <%:%w-= J > Q ;'âND `KS : Φdry <%>-:%E5E5A'<%A': Q =#A J <%>-C�w-W-=':%O¢L J w-H5>-w-> J :%OmG-â�_)~ L%H R W-='[):%=�L%;FD Yêge�-�-�-Z
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L Q O
G-A'>-C�L J�J E5W-:%; J D ��L%=':%H�E5;'>-ä J [KL J ;'A'æ-W-A'O
L Q O J =':%L%C¸w S L J : J A Q = S :
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<%>-C�w-W-=':%O�<%> Q-J A'O-:%H5A Q-R = S :�w S â J A'<%L%;�:%ké:%H R â�<%> Q <%:%w-=�> Q ;'âNDeMN>-H@L%;'; R L J : J [-A Q <%;'W-O-A Q-R L%A'H5[-='ä�>	>-E@= S :
E5>-W-H�<%>-C�w-> Q : Q = J >-E�:%ké:%H R â
ä�:%H5:�<%> Q-J A'O-:%H5:%O ��w S â J A'<%L%;�L Q O�< S :%C�A'<%L%;FD)f S â J A'<%L%;�L Q O«< S :%C�A'<%L%;
:%ké:%H R â�A Q L%A'H§A JPQ : R ;':%<%=':%O�G-:%<%L%W J :ÄA'= A J L%= = S :ÄH5:%E5:%H5: Q <%: J ='L%=':%[©E5>-H§>-= S :%H J A'='W-L%='A'> Q-J > Q ;'â	w S â J A'<%L%;
:%ké:%H R â�A J <%> Q-J A'O-:%H5:%OmL Q Om<%L%;'<%W-;'L%=':%OmW J A Q-R L Q A'O-:%L%; R L J C�>-O-:%;FD MN>-H J â Q-R L J [NH5L%ä L Q Oº<%;':%L Q � R L J
<%>-C�G-W J ='A'> Q w-H5>-O-W-<%= J L Q O�:%kéA'= R L J L%E5=':%H�O-H5âãA Q-R G->-= S [@w S â J A'<%L%;#Y5A'O-:%L%; R L J C�>-O-:%;'Z]L Q O¢< S :%C�A'<%L%;
:%ké:%H R â�ä�:%H5:·<%> Q-J A'O-:%H5:%O@D `KS :·C�>-O-:%;�L Q OªO-L%='LèE5>-Hº<%>-C�w-W-='A Q-R®J w-:%<%A'E5A'<è:%ké:%H R â×>-EºA'O-:%L%; R L J
C�A'ké='W-H5:®ä�:%H5:®:%ké='H5L%<%=':%O E5H5>-C21�>-='L J [�Yêge�-�-l-ZêD�T Q L%;';º<%L J : J = S :�<%>-C�w-> Q : Q = J >-EBå-A Q :%='A'<�L Q O
w->-=': Q ='A'L%;�: Q :%H R â�ä�:%H5: Q : R ;':%<%=':%O@D

T Q MNA R D�h = S :®w-;'L Q =ºw S â J A'<%L%;ºL Q OÑw-H5>-O-W-<%='A c : J ='H5W-<%='W-H5:�W J :%OÑE5>-HB= S :%H5C�>-:%<%> Q >-C�A'<�L Q O
:%ké:%H R >-:%<%> Q >-C�A'<¨L Q L%;'â J : J A J w-H5: J : Q =':%O@D `KS :¨<%> Q ='H5>-; c >-;'W-C�: J L%O->-w-=':%O�L%H5:¨H5:%E5:%H5:%:%O�='>	MNA R D-ge[-G-W-=
A'=#ä�L J�Q :%<%: J�J L%H5â�='>¢A Q <%;'W-O-: J >-C�:�>-= S :%H J [ J w-:%<%A'E5A'<%L%;';'âã[ = S :�w-H5>-<%: J�J [ :%;':%<%='H5A'<�w-;'L Q =#L Q O¢= S :	= S H5:%:
VFW Q <%='A'> Q-J L Q O
�'>-H J w-;'A'='=':%H J �Ãä�A'= S = S : >-GeVF:%<%='A c : >-EÍH5:%w-H5: J : Q ='A Q-R = S : w-;'L Q =×>-w-:%H5L%='A'> Q L Q O
w-:%H5E5>-H5C�L Q <%:�L J A'=�A J D

MNW Q O-L%C�: Q ='L%;B:%æ-W-L%='A'> Q-J [m:%kéw-H5: J�J :%O�A Q L�C�L%='H5A'kÒE5>-H5C E5>-H«G->-= S [º= S :%H5C�>-:%<%> Q >-C�A'<ÍL Q O
:%ké:%H R >-:%<%> Q >-C�A'<�C�>-O-:%;'A Q-R [�L%H5:�w-H5: J : Q =':%O�A Q MNA R D 	@D ` >�C�L%å-:¨= S : J :¨C�>-O-:%; J [ J >-; c :¨= S :¨:%æ-W-L%='A'> Q-J
L Q O	<%>-C�w-W-=':�= S :�<%> J = c L%;'W-: J [-= S :�E5>-W-H@w-H5>-w-> J A'='A'> Q-J >-E `KS :%>-H5â�>-E I ké:%H R :%='A'<�j�> J =�ä�:%H5:�W J :%O@D
3KÝ�Ü/4@Ü-ß65�7�5'Ü�8:9�; `KS :Ã:%ké:%H R :%='A'<Ã<%> J =�>-E	= S :
E5;'>-ä�[�E5W-:%;'[�L Q O·w-H5>-O-W-<%=¨A J = S :
æ-W-L Q ='A'='â�>-E	:%ké:%H R âQ :%:%O-:%O«='>«w-H5>-O-W-<%:¢A'=FD `KS :%H5:%E5>-H5:%[§= S :m:%ké:%H R :%='A'<m<%> J =]A J Lm<%> Q-J :%H c L%='A c :mw-H5>-w-:%H5='âND `KS :mC�L%='H5A'<%: J< b�= [ < αe

= L Q O <
αb

= ä�:%H5:¨= S : J L%C�:¨E5>-H�G->-= S C�>-O-:%; J DeMN>-H@= S :�:%ké:%H R >-:%<%> Q >-C�A'<�C�>-O-:%;'[-= S :�:%ké=':%H Q L%;c L%;'>-H5A'~ L%='A'> Q c :%<%='>-H < | = [)ä S A'< S H5:%w-H5: J : Q = J = S :	:%<%> Q >-C�A'< J <%>-C�w-> Q : Q = J E5>-H�:%L%< S <%> Q ='H5>-; c >-;'W-C�:
L J�J >-<%A'L%=':%O×A Q = S :«A Q <%A'O-: Q <%:«C�L%='H5A'k < b�= [�C�W J =�G-:«A Q <%;'W-O-:%O×A Q ='>×= S :«E5>-H5C�W-;'L%='A'> Q ä�A'= S><

-
= L JJ A R Q L%;'[-L J�J�S >-ä Q A Q MNA R D 	-[-G-:%<%L%W J :�A J L�<%L%w-A'='L%;�>-W-=';':%=FD
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LOSSES

1

MNA R W-H5:�h - f)H5>-O-W-<%='A c :�L Q O	w S â J A'<%L%; J ='H5W-<%='W-H5:�>-E@= S :�d�T � -
� ` <%> R : Q :%H5L%='A'> Q w-;'L Q =FD

3KÝ�Ü/4@Ü-ß65�7�5'Ü�8���; T Q L%G J : Q <%:�>-E]:%ké=':%H Q L%;#L J�J : J�J C�: Q ='[ = S :�:%ké:%H R :%='A'<�<%> J =#E5>-H]L%;';#E5W-:%; J W J :%O¢A Q
= S :¨w-;'L Q =©L%H5:¨:%æ-W-L%;©='>	= S :%A'H@:%ké:%H R â < d e

= D `KS A J w-:%H5C�A'= J ='>	A Q <%;'W-O-:�= S :�E5W-:%;�<%L%H5H5A': J :%æ-W-L%='A'> Q-J A Q = S :
:%ké=':%H Q L%;�L J�J : J�J C�: Q =�C�L%='H5A'k <

αe
= D]MN>-Hm= S :·:%ké:%H R >-:%<%> Q >-C�A'<·C�>-O-:%;�= S :è:%ké=':%H Q L%; c L%;'>-H5A'~ L%='A'> Qc :%<%='>-H¥E5>-H§E5W-:%; J < j e

= [©C�W J = G-:ÄA Q <%;'W-O-:%O�A Q ='>�= S :ÄE5>-H5C�W-;'L%='A'> Q ä�A'= S <�� = L JPJ A R Q L%; G-:%<%L%W J :ÄA'= A J L Q
A Q <%>-C�:�O-W-:�='>	= S :�:%ké:%H R â�W J :%O	A Q = S :�w-;'L Q =�='>	>-G-='L%A Q = S :�w-H5>-O-W-<%= J D

Ý�Ü/4@Ü-ß65�7�5'Ü�8���;Nb ;';N<%> J = R : Q :%H5L%=':%O�G-â¹= S :¨w-H5>-O-W-<%='A'> Q w-H5>-<%: J�J C�W J =©G-:¨A Q <%;'W-O-:%O�A Q = S :¨<%> J =©>-E
= S :�E5A Q L%;)w-H5>-O-W-<%= J D T Q L%G J : Q <%:�>-EKL Q :%ké=':%H Q L%;)L J�J : J�J C�: Q =)ä�: S L c :�='>�L J�J A R Q�� ~ :%H5>�� c L%;'W-:�E5>-H#= S :
:%ké:%H R :%='A'<«<%> J =�>-E�= S :Ãw-;'L Q =�;'> J�J : J D `KS A J w-:%H5C�A'= J A Q <%;'W-O-:Ã= S :Ã;'> J�J : J <%L%H5H5A': J :%æ-W-L%='A'> Q-J A Q = S :
:%ké=':%H Q L%;�L J�J : J�J C�: Q =�C�L%='H5A'k <

αe].3KÝ�Ü/4@Ü-ß65�7�5'Ü�8����! #" ; TUE�L Q >-W-='w-W-=§E5;'>-ä�>-E�L�W Q A'=§A J L�w-L%H5=§>-E�= S :�E5W-:%;§>-E�= S A J W Q A'='[�= S : Q A'=KA J
W Q O-:%H J ='>->-Oè= S L%=�A'= J W Q A'=�:%ké:%H R :%='A'<»<%> J =�A J = S : J L%C�:»L J = S L%=�>-E¹= S :»A Q w-W-=�E5;'>-ä E5H5>-C ä S A'< S A'=
<%>-C�: J DeMN>-H@:%kéL%C�w-;':%[-='W-H5G-A Q : J >-H S :%L%=�='H5L Q-J E5:%H@:%æ-W-A'w-C�: Q =FD3KÝ�Ü/4@Ü-ß65�7�5'Ü�8����!$#" ; TUE�A Q L�W Q A'=§= S :�w-H5>-O-W-<%=§A J <%>-C�w-> J :%O�E5>-H J : c :%H5L%;KE5;'>-ä J [@= S : Q = S : J L%C�:
W Q A'=N:%ké:%H R :%='A'<�<%> J =Nä�A';';NG-:�L J�J A R Q :%O�='>�L%;';N>-E#= S :%C
D%MN>-H#:%kéL%C�w-;':%[%VFW Q <%='A'> Q-J [�O-A J ='H5A'G-W-='>-H J L Q O�= S :
:%;':%<%='H5A'<�w-;'L Q =�A Q = S A J <%L J :�D `KS :¢w-H5>-w-> J A'='A'> Q 	«Y5L&% G-Z�O-:%=':%H5C�A Q : J = S :¢H5:%;'L%='A'> Q :%ké:%H R â»C�L%='H5A'k
[αb

= De\�>-=�:%ké:%H R >-:%<%> Q >-C�A'< c :%<%='>-H@A J L J�J >-<%A'L%=':%O	A Q = S : J :�:%æ-W-L%='A'> Q-J D
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MNA R W-H5:�	@DeMNW Q O-L%C�: Q ='L%;�:%æ-W-L%='A'> Q-J E5>-H@G->-= S [-= S :%H5C�>-:%<%> Q >-C�A'<�L Q O	:%ké:%H R >-:%<%> Q >-C�A'<�C�>-O-:%;'A Q-R D



MNA Q L%;';'âã[K= S : Q W-C�G-:%H�>-E�:%æ-W-L%='A'> Q-J A J <%>-C�w-;':%=':%O»L Q O»A'=¥A J w-> J�J A'G-;':�='>»<%>-C�w-W-=':�= S :�<%> J =¥>-E
:%L%< S E5;'>-ä A Q = S :�w-;'L Q =FD `KS :�:%æ-W-L%='A'> Q-J E5>-H�L%;';Ä<%> Q ='H5>-; c >-;'W-C�: J >-E�w S â J A'<%L%;ÄL Q O�w-H5>-O-W-<%='A c :J ='H5W-<%='W-H5:�L%H5: R A c : Q A Q C�L%='H5A'k�:%æ-W-L%='A'> Q-J L J A J w-H5: J : Q =':%OmA Q MNA R D
	@D _)âãC�G->-; J ;'A'å-: B

� L Q O C
� L%H5:

= S :�= S :%H5C�>-:%<%> Q >-C�A'<�L Q O	:%ké:%H R >-:%<%> Q >-C�A'<�<%> J = J H5: J w-:%<%='A c :%;'âND` >�<%>-C�w-;':%=':Ä= S :Ä:%ké:%H R >-:%<%> Q >-C�A'<ÄC�>-O-:%;'[©:%<%> Q >-C�A'<ÄA Q E5>-H5C�L%='A'> Q >-E§= S :Ä<%L%w-A'='L%;)A Q c : J ='C�: Q =
L Q O»>-w-:%H5L%='A'> Q L Q O»C�L%A Q =': Q L Q <%:�>-EP= S :�w-;'L Q =¥L%H5: Q :%<%: J�J L%H5âND `KS :�>-GeVF:%<%='A c :�A J ='>»O-:%=':%H5C�A Q :�= S :
:%ké=':%H Q L%; c L%;'>-H5A'~ L%='A'> Q c :%<%='>-H < | = E5>-H¨:%L%< S <%> Q ='H5>-; c >-;'W-C�:mL Q OÃ= S :º:%ké=':%H Q L%;�L J�J : J�J C�: Q = c :%<%='>-H
(CeZêD�T Q ='L%G-;':Ãg�L%H5: R A c : Q = S :�f)W-H5< S L J : I æ-W-A'w-C�: Q =¥j�> J =¥Y5f I j�Z�Y5MNL%L%A V¨:%=§L%;FD [�ge�-�-n-Z5[�= S : ` >-='L%;
T Q c : J ='C�: Q =Kj�> J ='[@L Q O I ké=':%H Q L%;K}�L%;'>-H5A'~ L%='A'> Q }�:%<%='>-H J Y5|·L Q O¢j fZ]E5>-H]:%ké:%H R >-:%<%> Q >-C�A'<�L Q L%;'â J A J D`KS :vw-W-H5< S L J :�:%æ-W-A'w-C�: Q =Ä<%> J =ÄO->-: JBQ >-=ÄA Q <%;'W-O-:�= S :�<%> J =Ä>-E S :%L%=Ä='H5L Q-J E5:%H�:%æ-W-A'w-C�: Q =ÄL%=Ä= S :R L J A'E5A':%H�>-W-=';':%=FD u�J W-L%;';'âã[�= S A J A J w-H5>-w-> J :%O×E5>-H�d�T � -

� `yJ < S :%C�:«='>×H5:%O-W-<%:Ã= S : J â Q-R L J¢J ='H5:%L%C
=':%C�w-:%H5L%='W-H5:�D `KS : R L J A'E5A':%H¨:%kéA'=]=':%C�w-:%H5L%='W-H5:mA J L%=]�-h-l °j­A Q = S A J <%L J :mL Q OÃ= S :mC�: Q ='A'> Q :%O S :%L%=
:%ké< S L Q-R :%H@A'=�A J�Q >-= Q :%<%: J�J L%H5âND
` L%G-;':�g-Def)W-H5< S L J : I æ-W-A'w-C�: Q =�j�> J =�Y5f I j�Z5[ ` >-='L%;�T Q c : J ='C�: Q =�j�> J ='[-L Q O I ké=':%H Q L%;�}�L%;'>-H5A'~ L%='A'> Q

}�:%<%='>-H J Y Z L Q O CZ@E5>-H@:%ké:%H R >-:%<%> Q >-C�A'<�L Q L%;'â J A J D

I _)W-G J â J =':%C¯Y5f I j�Z MUS$ US$/s
1 Dryer 4.8 Z1 0.026748
2

b A'H@<%>-C�w-H5: J�J >-H 0.2 Z2 0.001114
3 Gasifier 2.6 Z3 0.014488
4

b A'H S :%L%=':%H 0.5 Z4 0.002786
5 _)â Q-R L J�S :%L%=':%H 0.6 Z5 0.003343
6 ��L%=':%H S :%L%=':%H % E5A';'=':%H 1.5 Z6 0.008359
7 Scrubber 0.9 Z7 0.005015
8 _)â Q-R L J <%>-C�w-H5: J�J >-H 0.9 Z8 0.005015
9

� L J ='W-H5G-A Q : 10.0 Z9 0.055724
10 HRSG 2.4 Z10 0.013374
11 _)=':%L%C¯='W-H5G-A Q : % <%> Q O-: Q-J :%H 3.2 Z11 0.017832
12

� >-ä w-H5: J�J W-H5:�w-W-C�w 0.3 Z12 0.001672
13 ��A R S w-H5: J�J W-H5:�w-W-C�w % O-:%L%:%H5L%='>-H 0.3 Z13 0.001672
14

I ;':%<%='H5A'<�w-;'L Q = 2.8 Z14 0.015603
15 Process 1.1 Z15 0.006130
16

� W Q <%='A'> Q g 0.0 Z16 0.000000
17

� W Q <%='A'> Q � 0.0 Z17 0.000000
18

� W Q <%='A'> Q h 0.0 Z18 0.000000
�)�-�'�-���Ká ¶ 32.1 Cf 0.060284
�K�-���%�-�-�����%¿-�-� ¤@���%�-���'�-���'�-�'�'�-�'�'�-� 6.4
T Q-J ='H5W-C�: Q ='L%='A'> Q L Q O	<%> Q ='H5>-; 3.8
�)�-�'�-���-�-���'�'���%�-� t 10.2
Land 0.0
j�A c A'; J ='H5W-<%='W-H5L%; % >-= S :%H J 3.5
�)�-�'�-�����'�%���'�'���%�-��� 3.5IKQ-R A Q :%:%H5A Q-R % J W-w-:%H c A J A'> Q 1.2
Contingency 5.1
�)�-�'�-���'�-�-�'���%�%���%�-��� 6.3��Ü�7  ���5�8��%Ù%ß67
	�Ù�8.7��%Ü-ß67

52.0 gen-l-h u _��
�'å
�



`KS :�O-H5âã:%H�<%> J =�A J L%O-O-:%O«='>«= S :¢='>-='L%;�<%> J =�>-E�= S :¢E5W-:%;�w-;'L Q =�Y J ='>-H5L R :%[ J A'~ A Q-R [¥L Q O«>-= S :%H J ZêD
f)H5>-<%: J�J <%L%w-A'='L%;«<%> J =«L%; J > A Q <%;'W-O-: J = S :­A Q c : J ='C�: Q = Q :%<%: J�J L%H5â�='> H5:%O-W-<%:¯A Q O-W J ='H5A'L%; J =':%L%C
<%> Q-J W-C�w-='A'> Q D `KS :mA Q c : J ='C�: Q ='[§E5>-H¨L J W R L%H¨<%L Q :mC�A';';�>-E��-i-i
='< � S >-E�<%L%w-L%<%A'='âã[KA J : J ='A'C�L%=':%O
L Ju _��Ìh@geiÌ= S >-W J L Q OÌ='>ÌH5:%O-W-<%: J =':%L%C¬O-:%C�L Q O·E5H5>-C 	-l-i·='>·h-�-i·å R �'='<%[ u _��·h-�-i·= S >-W J L Q O·='>
H5:%O-W-<%:mE5H5>-C h-�-iÃ='>Ãh-�-iÃå R �'='<%[§ä S A';':mC�>-H5:m= S L QÃu _�� 	
	-iÃ= S >-W J L Q OÃA J H5:%æ-W-A'H5:%O
='>
H5:%L%< S �-�-i
kg/tc.`KS :	:%ké=':%H Q L%; c L%;'>-H5A'~ L%='A'> Q c :%<%='>-H J A Qº` L%G-;':¢g�L%H5:¹O-:%=':%H5C�A Q :%OºE5>-H¥C�L J�J G-L%;'L Q <%:¹>-E¥C�L%=':%H5A'L%;
<%> Q-J W-C�w-='A'> Q L Q O S L Q O-;'A Q-R Y5E5W-:%;'[NA Q :%H5='[NL J�S [Nä�L%=':%H¥L Q Oº>-= S :%H5Z¥<%> Q-J A'O-:%H¥A Q = S :Ä<%L J�S E5;'>-äÑ>-E§<%> J =
A Q = S :�w-;'L Q =�>-w-:%H5L%='A'> Q Y ` L%G-;':��-ZêD

MN>-H	<%L J�S E5;'>-ä <%L%;'<%W-;'L%='A'> Q-J E5A'ké:%Oè<%> J = J >-E¹h � >-E¹='>-='L%;�<%L%w-A'='L%;�A Q c : J ='C�: Q =�G-â«âã:%L%H¹ä�L J
L%O->-w-=':%O�E5>-H��-l�âã:%L%H J >-E�;'A'E5:�<%âã<%;':�D { :%='L%A'; J L%G->-W-=KC�L%A Q =': Q L Q <%:%[ J ='L%E5E5[ ä�L%=':%H5[ A Q :%H5=#C�L%=':%H5A'L%;#L Q O
L J�S O-A J w-> J L%;�<%>-W-;'O«G-:¢<%> Q-J W-;'=':%O«A Q MNL%L%A V¹:%=�L%;FDNYêge�-�-n-ZêD `KS :¢E5W-:%;�<%> J ='[¥L J A'=�A J H5:%<%:%A c :%O-[¥>-E�lu _��
�'=�L Q O�gei � >-E@A Q =':%H5: J =�H5L%=':�ä�:%H5:�L%O->-w-=':%O@D
` L%G-;':��@Dej�> J =�<%L J�S E5;'>-ä O-:%=':%H5C�A Q A Q-R = S :�:%ké=':%H Q L%; c L%;'>-H5A'~ L%='A'> Q c :%<%='>-H@E5>-H@:%L%< S <%> Q ='H5>-; c >-;'W-C�:
(Z L Q O CeZ@A Q = S :�d�T � –

� ` <%>-C�G-A Q :%O	<%âã<%;':�<%> R : Q :%H5L%='A'> Q w-;'L Q =�E5>-H@:%ké:%H R >-:%<%> Q >-C�A'<�L Q L%;'â J A J Db ;'; c L%;'W-: J A Q ge�-�-n u _��@D
Year 0 1 2 3 … 25� >-L%O	E5L%<%='>-H 0.00 0.30 0.85 0.85 … 0.85
Maintenance 0.000 0.347 1.042 1.042 … 1.042
Personnel 0.000 0.000 0.420 0.420 … 0.420
Water 0.000 0.001 0.003 0.003 … 0.003
T Q :%H5=�C�L%=':%H5A'L%; 0.000 0.075 0.213 0.213 … 0.213b J�S O-A J w-> J L%; 0.000 0.120 0.340 0.340 … 0.340
MNA'ké:%O	<%> J = J 0.021 0.021 0.021 0.021 … 0.021
��>-H5å-A Q-R <%L%w-A'='L%; 0.000 0.140 0.000 0.000 … 0.000
j�L%w-A'='L%;�A Q c : J ='C�: Q = 13.025 39.075 0.000 0.000 … 0.000` >-='L%;�<%> J = 13.05 40.08 2.89 2.89 … 2.89
T Q =':%H5: J =�H5L%=': 0.10 0.10 0.10 0.10 … 0.10
j�L%w-A'='L%;'A'~ L%='A'> Q E5L%<%='>-H 1.00 1.10 1.21 1.21 … 1.21b <%='W-L%;'A'~ :%O c L%;'W-:%[ x u _��
�'âã:%L%H 13.05 44.09 3.50 3.50 … 3.50
f)H5: J : Q = c L%;'W-:%[ u _��
� J 0.178874
MNW-:%;�<%> J ='[-l u _��
�'= 0.00 0.57 1.62 1.62 … 1.62b <%='W-L%;'A'~ :%O c L%;'W-:%[ x u _��
�'âã:%L%H 0.00 0.63 1.95 1.95 … 1.95
f)H5: J : Q = c L%;'W-:%[ u _��
� J 0.060284

��� �	��7��	��7)7�����q
��!»*�6�7���9���7m2�q	���	��q���9���7�����q�7

T Qm` L%G-;':¹h-[N= S :%H5C�>-:%<%> Q >-C�A'<¹L Q L%;'â J A J A J w-H5: J : Q =':%OºE5>-H J >-C�:¹<%> Q ='H5>-; c >-;'W-C�:¹A Q <%;'W-O-A Q-R = S :
ä S >-;':�w-;'L Q =FD `KS :�:%ké:%H R :%='A'<�<%> J =§>-E�E5W-:%;KY5M � Z�L Q O�w-H5>-O-W-<%=KY5f � Z�L%H5: R A c : Q D b J <%L Q G-: J :%: Q [@= S :
:%ké:%H R :%='A'<�:%E5E5A'<%A': Q <%â�Y ηZ]>-E]d�T � -

� ` A J �-� � D `KS :�<%L%W J : J L%H5:�= S : Q :%<%: J�J L%H5â�A'C�w-;':%C�: Q ='L%='A'> Q >-E
O-A c :%H J�J â J =':%C J ='>Ãw-H5:%w-L%H5:m= S : J >-;'A'OÃE5W-:%;]='>ÃG-:m<%> Q-J W-C�:%OÃA Q L R L J ='W-H5G-A Q :mw-;'L Q =FD `KS : S A R S : J =
A'H5H5: c :%H J A'G-A';'A'='A': J Y5TU[ δ-H5:%;'L%='A c :»A'H5H5: c :%H J A'G-A';'A'='âãZ¹L%H5: R A c : Q A Q = S :BE5>-;';'>-ä�A Q-R :%æ-W-A'w-C�: Q =PG-âÃ>-H5O-:%H �J <%H5W-G-G-:%H@Y5h-� � Z5[ R L J ='W-H5G-A Q :�Yêge� � Z5[-O-H5âã:%H@Yêge� � Z5[ R L J A'E5A':%H@L Q O �	��_ � Yêge� � ZêDu�J A Q-R = S :�= S :%H5C�>-:%<%> Q >-C�A'<�C�>-O-:%;'[@A'=KA J w-> J�J A'G-;':�='>�:%kéw-;'L%A Q = S :�w-H5>-<%: J�J >-E�:%ké:%H R :%='A'<�<%> J =
E5>-H5C�L%='A'> Q D `KS :ºO-H5âãA Q-R [ R L J A'E5A'<%L%='A'> Q L Q O»<%;':%L Q A Q-RBJ â J =':%C L%H5:�H5: J w-> Q-J A'G-;':�E5>-HPL�G-A R L%C�>-W Q =¥>-E
A'H5H5: c :%H J A'G-A';'A'='A': J A Q = S :»w-;'L Q =�ä�A'= S = S :»> Q ;'â«w-W-H5w-> J :»>-E¹<%> Q O-A'='A'> Q A Q-R = S : R L J E5W-:%;�E5>-H¹= S : R L J



='W-H5G-A Q :�D `KS :ml-� � >-E¨:%ké:%H R :%='A'<m<%> J =]>-E¨= S :m:%;':%<%='H5A'<%A'='âBw-H5>-O-W-<%:%OÃG-âB= S :m<%> R : Q :%H5L%='A'> Q w-;'L Q =�A J
E5>-H5C�:%O	A Q = S : J : J â J =':%C J D

` L%G-;':�h@D `KS :%H5C�>-:%<%> Q >-C�A'<�L Q L%;'â J A J E5>-H J >-C�:�<%> Q ='H5>-; c >-;'W-C�:�L Q O	= S :�ä S >-;':�w-;'L Q =FD

Subsystem F* P* I η k δ
Dryer 155093 122571 14631 0.89 1.12 0.117

Gasifier 159962 116256 7383 0.94 1.06 0.059

Scrubber 157861 66103 47332 0.58 1.72 0.377
� L J ='W-H5G-A Q : 110659 110658 19737 0.56 1.80 0.157

HRSG 38559 38559 6001 0.61 1.63 0.048` >-='L%;�f);'L Q = 125549 125549 98333 0.22 4.61 0.780

T Q = S :�= S :%H5C�>-:%<%> Q >-C�A'<�C�>-O-:%;'[�= S :�:%;':%<%='H5A'<%A'='â	w-H5>-O-W-<%='A'> Q ä�L J L%O->-w-=':%O�L J = S :�C�L%A Q�R >-L%;N>-E
= S :�w-;'L Q =K>-w-:%H5L%='A'> Q [@L Q O�= S : c L%w->-H�ä�L J ='H5:%L%=':%O�L J L�ä�>-H5å-A Q-R E5;'W-A'O@D-_)>-[@= S :�W Q A'=K:%ké:%H R :%='A'<�<%> J =
Y5å-Z@>-E@= S : S :%L%=�Y 	-[5g-geZ@A J ;'>-ä�:%H@= S L Q :%;':%<%='H5A'<%A'='â�Y 	-[Ïn@geZ@Y ` L%G-;':�	-ZêD
` L%G-;':�	@Dej�L%;'<%W-;'L%='A'> Q H5: J W-;'= J >-E@= S :%H5C�>-:%<%> Q >-C�A'<�L Q O	:%ké:%H R >-:%<%> Q >-C�A'<�C�>-O-:%;'A Q-R E5>-H J :%;':%<%=':%O

E5;'>-ä J A Q = S :�d�T � -
� ` <%>-C�G-A Q :%O	<%âã<%;':�<%> R : Q :%H5L%='A'> Q w-;'L Q =FD

Flow Type P T m E B B* k C* C*

Nº bar °C kg/s MW MW MW US$/s US$/MWh

2 Bagasse 1.01 70 12.1 104.9 122.6 155.1 1.27 0.119 3

3 ��L%ä R L J 2.00 639 7.5 80.9 116.3 160.0 1.38 0.146 5

9 j�;':%L Q	R L J 21.75 450 11.4 65.9 71.4 177.6 2.49 0.188 9

17 Steam 80.00 465 11.3 24.0 10.1 41.5 4.11 0.077 27

32 Work 7.5 24.7 24.8 110.7 4.48 0.173 25

33 Work 4.2 4.2 24.7 5.91 0.064 55

41 Work 22.9 22.9 107.8 4.71 0.200 31

42 Heat 18.3 4.3 177.2 4.11 0.039 32

MN>-H�= S :�w-;'L Q ='[@�-i � >-E�= S :�<%L%w-A'='L%;KA Q c : J ='C�: Q =KA J E5>-<%W J :%O¢> Q = S :�d�T � -
� `ÌJ â J =':%C
D MN>-H]= S :

E5W-:%; w-H5A'<%:ÄY5l u _��
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> Q :�>-E�= S :�C�> J = J : Q-J A'G-;':�w-L%H5L%C�:%=':%H�A Q = S :�w-> J�J A'G-;':�A'C�w-;':%C�: Q ='L%='A'> Q >-E]d�T � -

� ` =':%< S-Q >-;'> R â�A QJ W R L%H@<%L Q :�A Q O-W J ='H5âND`KS :�w-H5>-O-W-<%='A'> Q <%> J =©>-E�:%;':%<%='H5A'<%A'='âÄY5h@g u _��
� x � S Z�L Q O S :%L%=©Y5h-� u _��
� x � S Z�ä�:%H5:¨>-G-='L%A Q :%O
W J A Q-R L Q :%ké:%H R >-:%<%> Q >-C�A'<�C�>-O-:%;¥E5>-H J : c :%H5L%;¥L%O->-w-=':%O»<%> Q O-A'='A'> Q-J D `KS :�:%;':%<%='H5A'<%A'='â¢<%> J =¥A J [�L%E5=':%H
L%;';'[é<%>-C�w-:%='A'='A c :¨ä�A'= S L�C�L%H5å-:%=�w-H5A'<%:�DeMN>-H S :%L%=�<%> J ='[-= S :%H5:�L%H5: Q > J >-W-H5<%: J >-E@A Q E5>-H5C�L%='A'> Q ='>	C�L%å-:
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