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G = H – TS 
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CH4    +    2O2    =    CO2    +    2H2O (l) 
!fH0

 -74.9   0   -393.5 -285.8 
!fG0 :  -50.8               0           -394.4            -237.1 

!H = (-393.5-285.8"2) - (-74.9) = -890.2 (= -Hh) 
!G = (-394.4-237.1"2) - (-50.8) = -817.8 

!G / !H = (-817.8)/(-890.2) = 0.92 = 92 % 
 

96 % 
83 % 

(kJ/mol) C, H2, O2, N2, (S) ) 
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(1) 

CH4    +    2H2O(l)    =    CO2    +    4H2 
!fH0

 -74.9   -285.8   -393.5 0 
!fG0 :  -50.8               -237.1           -394.4            0 

!H = (-393.5) - (-74.9-285.8"2) = 253.0 
!G = (-394.4) - (-50.8-237.1"2) = 130.6 

!G/ !H = 130.6/253.0 = 0.52 = 52 % (800
52%

6 % (90 )

(kJ/mol) C, H2, O2, N2, (S) ) 
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CH4 + 2H2O ! CO2 + 4H2 

Enthalpy [kJ] 
Exergy [kJ] 

(Environment) 
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(2) 

CH3OH(l)   +   H2O(l)    =    CO2   +   3H2 
!fH0

 -238.6  -285.8   -393.5 0 
!fG0 :  -165.5              -237.1           -394.4            0 

!H = (-393.5) - (-238.6-285.8) = 130.9 
!G = (-394.4) - (-165.5-237.1) = 8.2 

!G / !H = 8.2/130.9 = 0.06 = 6 % (90

6%(90 )
83

(kJ/mol) C, H2, O2, N2, (S) ) 
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  7 2 7   k J / m o l              2 8 6   x   3   =     8 5 8   k J / m o l 

  C H 3   O H       +       H 2 O       =       C O 2       +         3 H 2 

H e a t   v a l u e : 

L o w   q u a l i t y   t h e r m a l   e n e r g y 

=     6   %   
(   c o r r e s p o n d i n g   t o 9 0   ! ) 

  
 G 

 H 

  E x e r g y   e n h a n c e m e n t 
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CH3OH + H2O ! CO2 + 3H2 

Enthalpy [kJ] 
Exergy [kJ] 

(Environment) 



Tokyo Institute of Technology School of Engineering 

15 

[
] 

0  
10 
20 

30 

40 
50 

60 

70 

80 
90 

100 

[ ] 

  

150 
25 

800 

2000 

[%
] 

( CO2 – free ) 
 ( NOx – free ) 



Tokyo Institute of Technology School of Engineering 

16 

H2 CO 1 0 H2 CO 2 1 H2 CO 1 1 

HH22OO, O2 

HH22,,CCOO

0.0

2.0

4.0

6.0

8.0

10.0

0 100 200
H2O/C6H10O5

Yi
eld

 [m
ol/

mo
l C

6H
10

O 5
]

H2
CO
CH4

200-300

CO2



Tokyo Institute of Technology School of Engineering 

17 

00

5500

110000

115500

220000

225500

330000

335500

440000

445500

550000

110000--114499 115500--119999 220000--224499 225500--229999 330000--334499 335500--339999 440000--444499 445500--449999 550000--

PP
JJ//

yyee
aarr

250 180PJ 
200 300PJ 
150 580PJ 

180PJ 

300PJ 

580PJ 

P: Peta, "1015



Tokyo Institute of Technology School of Engineering 

18 

Reaction 
Excergy Rate 

(%) 
Temperature 
（K/!） 

CH3OH+H2O!CO2+3H2 (Methanol) 6.3 364 / 91 

CH3OCH3+3H2O!2CO2+6H2 (DME) 
 

14.0 400 / 127 

CH4+2H2O!CO2+4H2 (Methane) 51.6 1106 / 833 

C2H5OH+3H2O!2CO2+6H2 (Ethanol) 30.4 592 / 319 

C2H6+4H2O!2CO2+7H2 (Ethane) 43.8 860 / 587 

C2H4+4H2O!2CO2+6H2 (Ethylene) 30.2 589 / 316 

C3H8+6H2O!6CO2+10H2 (Propane) 41.3 799 / 526 

DME
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S/C 

S/C S/C

S/C Steam-Carbon(CH3OH) [-] 
W/F Weight (Catalyst)/Flow [g/(mol/hr)] 

How ? 
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Electric 
Energy Heat 

Energy 

CO+2H2 

CH4 + " O2 ! CO + 2H2 
!H = -21.7 kJ/mol  at 1000  
!G = -273.2 kJ/mol 

!G = !H – T!S 
(!G<0, !H<0 ) 

!Q = T!S (> 0) 

CH3OH 
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IGCC
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