
���������
	 ����
 ����������	 ��� � �����������������

 "!$#�%'&)(+*�%-,/.10/!$2�3 465+798;:6<6<6<>=�?'@+%-A97B:6<6<6C
D�.E@F#�%-,-G
.EHI,�J�KL*�HM.E%-368;#�HMNPO
Q�%/JSR1.10/0T*�H+36A9HM.1.E%-A9H+3MO)U�VWU'X
Y[Z+\$]_^-`a^cb$]�debS`�Ze\>f�g6h�dIh�i�^jh+k

l mon�prqtsvuxwzy_pT{/|}nop~ux�����}n��zs/�apT{�na��nL��wW�

��.�N+.��MHM.
�e�-�6�����������$���M�T��8�,-�+A9H+��A9H+3�J�K�#
R1J$G �+5M0-,-A¡J$H�R/�F#�Gx�).E%¢(t£+5M.E7a#�HMN¤#�A9%'#�%/. 0-5+@+@+79A¡.1N¤#�,'#
R1.E%-,v#�A9H�,/.EG¥@).E%v#�,-5+%/.;¦�,-�F#�,�§_.¨�F#1!>.},/J�R/�MJ60/.}�F#$0/.1N�J$H�0/J$G
.¨0-,v#�HMNM#�%/NF©�(� ª,��+5+%-HM0¢OP#�HMN¤§�.},v#��>.
J$5+,¥0/J;Gx5MR/�«�M.¢#�,¨,-�F#�,¨,-�M.�R1J$Gx�+5M0-,-A¡J$H«@+%/JSNe5MRE,/0
#�%/.�R1JSJ$7¡.1N¬N+J¢§WH¬,/J¤,-�M.�0v#�G
.�,/.EG¥@�.E%v#�,-5+%/.
,-�F#�,T,-�M. #�A9%~#�HMN­K�5M.E7P�F#$NP(MVr�M.EH®OM,-�M.�%/.E7¡.¢#$0/.1N­�M.¢#�,TA¡0T,-�M.��M.¢#�,-A9H+3
!6#�795M.6(
¯®°6±���²��e�-�>���³�������$���M� ¦�U�J$%-§�(9´SµªHM.1Ne%/.��+%/.EH+H�!>.E%/NeA·¶¸©rA¡0TN+.��MHM.1N;0/5MR/�­,-�F#�,T,-�M.�%/.¢#$RE,-A¡J$H�A¡0WR1J$G¥@+7¡.E,/.
#�HMN¹,-�F#�, #�797»º

2 ¼ J�K_,-�M.¥R1J$Gx�+5M0-,-A¡J$H½@+%/JSNe5MRE,�A¡0�A9H¹!6#�@�J$%�K�J$%-G;(B¾��·�$�e��²¨�e�-�>���³���¿���6�À�M�
¦�U�J$%-§�(9´
µ"Á¢!S%/.��+%/.EH+H�!>.E%/NeA·¶¸©WA¡0TN+.��MHM.1N�R1J$%-%/.10-@)J$HMNeA9H+36798>Ot.�ÂeR1.E@+,~,-�F#�,'#�797Ãº

2 ¼ J�KL,-�M.�R1J$Gx�+5M0-,-A¡J$H�@+%/JSNe5MRE,
A¡0_A9H�79A¡ÄI5+A¡N�KÅJ$%-G;(+Vr�M.�NeA·ÆP.E%/.EHMR1.���.E,ª§�.1.EH­,-�M.10v.',"§�J¨A¡0W.1Ä�5F#�7�,/Jx,-�M.��M.¢#�,WJ�KaR1J$HMN+.EHM0Ç#�,-A¡J$H;J�KÃ,-�M.
§_#�,/.E%¢(

¼ ,-�M.E%T,/.E%-G
0TK�J$%W,-�M.10/.�Ä�5F#�HI,-A9,-A¡.10�R¢#�H¿#�7¡0/J¨��.�KÅJ$5+HMN�A9H;79A9,/.E%v#�,-5+%/.6´È �1�_É/�6�·°$²�� Ê�Éx���$���+�TA¡0~#¨0-8SHMJ$HI8SGËJ�KL7¡J¢§�.E%'�M.¢#�,-A9H+3
!6#�795M.6(
Ì ²-°�ÍvÍ¹É/�$�9°$²Ç� Ê�É����$���+�EO��[Î>Î+�E²��e�-�6�������«���$�À�M�­#�HMNÏ�$²-°�ÍvÍ¤�e�-�>���³���Ð���$���+�;#�%/.¹J$,-�M.E%�,/.E%-G
0­K�J$%�,-�M.
�I�9���e��²��e�-�>���³���¹���$���+�E(�?'HMN½Ñ�J�K~R1J$5+%/0/.�Ñ�#�797�,/.E%-G
0
#�%/.�36A9!>.EH¬,-�+%/.1.�Ñj7¡.E,-,/.E%cÑ"#��+�+%/.E!�AÒ#�,-A¡J$HM0¢´»Ó®º~Ô¨O
U�Õ�Ô}O+º�º~Ô¨OFÖ�Õ�Ô¨O+X'º'Ô¨O+Ö�º~Ô¨(
Vr�M.¹NeA¡0-,-A9HMRE,-A¡J$H×��.E,ª§_.1.EH��9°$±���²­#�HMNØ�I�9���e��²­#�@+@�.¢#�%/0�K�J$%�#�797�K�5M.E7¡0;R1J$H�,v#�A9H+A9H+3Ù�I8eNe%/J$3>.EH®OW,-��5M0
@+%/JSNe5MREA9H+3xº

2 ¼ �I8¥R1J$G �+5M0/,-A¡J$H®(+&SJ$79A¡N¥K�5M.E7¡0�¦��+A¡J$G�#$0/0¢OIR1J>#�7³©�5M0-5F#�79798¥R1J$HI,v#�A9H�§_#�,/.E%_§W�+A¡R/��K�J$797¡J[§T0,-�M.�R1J$G �+5M0-,-A9�+7¡.10T#�HMN�A¡0»G¥A·Â+.1N
§WA9,-��,-�M.'@+%/J�Ne5MRE,/0¢(SVr�+A¡0_7¡.¢#$N+0»,/Jx,-�M.'A¡0/0-5M.~J�KÃN+.��MH+A9H+3},-�M.'G�#$0/0¢O
#�HMN;R1J$HM0/.1Ä�5M.EHI,-798>OF,-�M.��M.¢#�,-A9H+3�!6#�795M.10TJ�KL,-�M.�K�5M.E7j´
Vr�M.x�M.¢#�,-A9H+3�!6#�795M.xR¢#�H¤��. 0-@�.1REA·�F.1N¿J$H¬Ú$²�Û;Ü/��ÍÇ�³Í ¦�NP( �®(Ý©TJ$%�J$HÞ±��1�WÜ/��ÍÇ�³Íx¦�§�( �®(Ý©�(�&�5+@+@+7¡.EG
.EH�,v#�%-8
,/.E%-G
0¨#�%/.¤��Í
²/�-Év�E�³���/Ú�¦�?'ß�©�J$%�à¥°6�ÒÍE�Ãá��+�E��K�J$%x,-�M.
§�.E,}�F#$0-A¡0¨#�HMNâÚ$²�Û á��M���ÃJ$%�Ú6²ÇÛ¿à¥�>�Å�ª��²�¦�NeG�©
¦�U�J$%-§�´Sµª,/Á$%-%/0-,/J�Æ�¶vOe,/0Ç©»KÅJ$%T,-�M.�Ne%-8��F#$0-A¡0¢(+?ã,-�+A9%/N;J$@+,-A¡J$H;A¡0 Ú6²ÇÛ�ä���ÍÇ��á�²-�v� ¦�DT?�£�©�(
*�!6#�@)J$%v#�,-A¡J$HåJ�K�,-�M.;§r#�,/.E%�R1J$H�,v#�A9HM.1NÙ��8«,-�M.�0/J$79A¡NÐK�5M.E7',v#��>.10�0/J$G
.¿J�K�,-�M.¿.EHM.E%-368>(»��.¿N+.��MHM.
��æ'�-É¢���³�����+�-�6�������¿���$���+��¦�U'J$%-§�(9´)µ".�ÆP.E�S,-A9!��+%/.EH+HI!>.E%/NeA·¶¸©x#$0�,-�M.¥7¡J[§�.E%��M.¢#�,-A9H+3;!6#�795M.
J�K_,-�M.¥G
J$A¡0-,
K�5M.E7~¦�Ne%-8¿G�#�,-,/.E%x#�HMN�§_#�,/.E%�,/J$3>.E,-�M.E%Ç©�(BVr�I5M0�,-�+A¡0�§WA9797��).¨.1Ä�5F#�7�,/J�,-�M.
Ó®º'Ôç¦�§�( �®(Ý©�(BVr�M.¨,/.E%-G
��æ'�-É¢���³���~�+�-�6�����������6�À�M�W¦Å#�HMN}0-A9G¥A97Ò#�%Ç©ÃA¡0B5M0v.1N A9H¨0/.E!>.E%v#�7+*�5+%/J$@�.¢#�H¨R1J$5+H�,-%-A¡.10Ç=�7Ò#�H+365F#�3>.10¢(� ª,a0-�MJ$5+7¡NPO
�MJ¢§_.E!>.E%¢OF��.�HMJ$,/.1N­,-�F#�,T,-�M.�,/.E%-GèR¢#�H;�F#1!>. #
NeA·Æ�.E%/.EH�,TG
.¢#�H+A9H+3�A9H;U�J$%-,-�eÑª?~G
.E%-A¡R¢#�H¿79A9,/.E%v#�,-5+%/.6(
é �e��à¨�ÅÉ/�$���-ê���²��6Û�A¡0�,-�M.¥§_J$%-�¤,-�F#�,xR¢#�H¹�).¥J$�+,v#�A9HM.1N�K�%/J$Gë,-�M.¨K�5M.E7�§W�M.EH�A9,�A¡0��+%/J$5+36��, ,/J;.1Ä�5+A·Ñ
79A9�+%-A95+GË§WA9,-�¿,-�M.�0-5+%-%/J$5+HMNeA9H+3>0',-�+%/J$5+36��#¥%/.E!>.E%/0-A9�+7¡.�@+%/JSR1.10/0¢(MVr��5M0¢O+,-�+A¡0'A¡0W,-�M.�G�#�ÂeA9G 5+Gè§�J$%-�
K�%/J$Gì,-�M.�K�5M.E7j(FVr�M.�!$#�795M.�A¡0~J�K�,/.EH;RE7¡J60/.�,/J¨,-�M.��M.¢#�,-A9H+3
!6#�795M.6(
�í�M.EH
.EHM.E%-368 A9H¨K�5M.E7¡0LA¡0�ÄI5F#�H�,-A·�F.1NPO6A9,LA¡0T¦�§WA9,-�
0/J$G
.W0-@�.1REAÒ#�7e.�Â+R1.E@+,-A¡J$HM0Ç©B,-�M.r7¡J[§�.E%��M.¢#�,-A9H+3�!6#�795M.6(
£MJ$%TG
J$A¡0/,WK�5M.E7¡0[OeA9,WA¡0W,-�M.�.�ÆP.1RE,-A9!>.��M.¢#�,-A9H+3
!6#�795M.�¦�7¡J¢§_.E%~�M.¢#�,-A9H+3
!6#�795M.�J�KL,-�M.�G
J$A¡0-,rK�5M.E7³©�(

î



ï ðñn�{/prq)s/òTu}óÏô�naqSõÙn�n�uö�}n�prqts/u}wzy�p~{/|xn�ó

º�.¢#�,-A9H+3�!6#�795M.10}#�%/.�#�79§_#18e0}.EHI,-�F#�79@+A¡.10¢(LVr�M.E8½#�%/.
36A9!>.EH÷.EA9,-�M.E%}#$0xG
J$7Ò#�%xJ$%}0-@).1REA·�FR�!$#�795M.10�¦�Aj(ø.6(
.EHM.E%-368�@).E%rG
J$7¡.�J�Ka0-5+�M0/,v#�HMR1.�J$%r.EHM.E%-368�@�.E%_5+H+A9,TJ�KaG�#$0/0Ç©�(M&SJ$79A¡N�K�5M.E7¡0r#�%/.�5M0/5F#�79798�36A9!>.EH;J$H�,-�M.
�F#$0-A¡0TJ�KLG�#$0/0 ¦�4S=���3�©�(
Vr�M.�%/.E7Ò#�,-A¡J$H;��.E,ª§_.1.EH¿Ó®º'Ôù#�HMN;º'º'ÔØR¢#�H­�).�.�Âe@+%/.10/0/.1N�#$0

hLHV = hHHV −
mH2O,prod

mfu
hfg = hHHV − 8.94 ·XH · hfg
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heff = hLHV(dm) = hts · (1− w)− hfg · w = hts − (hts + hfg)w.
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hHHV(w.b.) = hHHV(dm) · (1− w)
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hHHV(dm) = 34.91·XC+117.83·XH+10.05·XS−1.51·XN−10.34·XO−2.11·Xash (MJ/kg),
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6.1 MJ/kg
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hHHV(dm) = (34.91 · 0.500 + 117.83 · 0.061 − 1.51 · 0.007 − 10.34 · 0.422 −
2.11 · 0.010) MJ/kg = 20.2 MJ/kg
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,v#��>.EHí#�, î � ◦C O hLHV(dm) = (20.2 − 8.94 · 0.061 ·

2.47) MJ/kg = 18.9 MJ/kg
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ϕ =
(ε)moist
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=

(1− w)εdm
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=
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1− w

1− w
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h/c = 0.122
O
n/c = 0.024

O
o/c = 0.853
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ϕdry = 1.15
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w = 0.60
O
hts = 19 MJ/kg
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hfg = 2.47 MJ/kg

Ot§_.}3>.E,
ϕ = 1.43

O
heff = 6.1 MJ/kg

O
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ε◦ = ϕ · heff = 8.7 MJ/kg
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