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(54)  Energy  measurement. 

(57)  Apparatus  for  measuring  the  calorific  value  of  gaseous  material,  for  example  gaseous  fuel,  comprises 
a  fuel  cell  FC  ̂ FC2....FCn  arranged  to  receive  a  sample  of  the  gaseous  material,  and  means  23 
responsive  to  the  open-circuit  voltage  of  the  fuel  cell  to  determine  the  calorific  value  of  the  gaseous 
material  from  that  voltage.  A  number  of  the  fuel  cells  may  be  provided,  each  responsive  to  a  different 
component  of  the  gasous  material. 

CM 
<  
00 
ro- 
t a  
r»- 
o> 
10 

LU 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



EP  0  597  578  A2 

This  invention  relates  to  apparatus  for  measuring  the  chemical  energy  (calorific  value)  of  gaseous  material, 
such  as  gaseous  fuel. 

In  Britain,  calculation  of  the  cost  of  gaseous  fuel  supplied  to  a  consumer  must  take  into  account  the  calorific 
value  of  the  fuel.  The  measurement  of  the  calorific  value  should  preferably  be  carried  out  periodically  at  each 

5  consumer's  premises,  and  this  requires  the  provision  of  cheap,  small  and  reliable  apparatus  for  measuring  cal- 
orific  value. 

It  is  an  object  of  the  present  invention  to  provide  an  improved  apparatus  for  measuring  the  calorific  value 
of  gaseous  material. 

According  to  the  invention  there  is  provided  apparatus  for  measuring  the  calorific  value  of  gaseous  ma- 
10  terial,  comprising  at  least  one  fuel  cell  arranged  to  receive  a  sample  of  the  gaseous  material;  and  means  re- 

sponsive  to  the  open-circuit  voltage  of  the  or  each  fuel  cell  to  determine  the  calorific  value  of  the  gaseous 
material. 

An  embodiment  of  the  invention  will  now  be  described,  by  way  of  example,  with  reference  to  the  accom- 
panying  drawings,  in  which 

15  Figure  1  is  a  schematic  cross-sectional  view  of  a  fuel  cell, 
Figure  2  is  a  schematic  diagram  of  a  calorific  value  measuring  apparatus  in  accordance  with  the  invention, 
and 
Figure  3  is  a  schematic  pictorial  view  of  a  practical  configuration  of  a  fuel  cell  for  use  in  the  invention. 
Referring  to  Figure  1,  a  conventional  fuel  cell  1  comprises  a  casing  3  containing  a  porous  anode  plate  5 

20  and  a  porous  cathode  plate  7.  An  electrolyte  9  is  contained  between  the  electrode  plates.  A  fuel  inlet  11  is  pro- 
vided  at  the  anode  end  of  the  casing.  At  the  cathode  end  of  the  casing  there  are  provided  an  inlet  13  for  feeding 
oxidizing  agent  into  the  cell,  and  an  outlet  15  for  venting  the  products  of  the  fuel  cell  reaction.  In  the  combustion 
of  the  fuel  gas  fed  into  the  inlet  11,  the  reaction  involves  the  transfer  of  electrons  from  the  fuel  molecules  to 
the  molecules  of  the  oxydizing  agent  which  is  fed  into  the  inlet  13.  The  fuel  gas  diffuses  through  the  anode 

25  and  is  oxidized,  which  releases  electrons  to  the  load  circuit,  as  indicated  by  arrows  17. 
In  the  conventional  use  of  a  fuel  cell  for  producing  an  electric  current,  a  load  19  is  connected  between  the 

anode  and  cathode  rods,  so  that  a  current  I  flows  through  the  load. 
In  the  present  invention  the  load  19  is  dispensed  with,  and  the  open-circuit  (no-load)  voltage  of  the  fuel 

cell  is  measured.  Current  flow  through  the  cell  is  virtually  zero. 
30  A  single  fuel  cell  may  be  used  in  the  present  invention,  but  a  preferable  arrangement  comprising  several 

fuel  cells  is  shown  in  Figure  2.  The  calorific  value  measuring  apparatus  comprises  fuel  cells  FC  ̂ FC2  —  FCn 
to  the  inlet  9  of  each  of  which  a  sample  of  gaseous  fuel  is  fed  from  a  supply  21  .  Air  is  fed  into  the  inlet  13  of 
each  cell,  so  that  atmospheric  oxygen  acts  as  the  oxidizing  agent.  The  reaction  products,  comprising  water 
and  carbon  dioxide,  are  vented  to  atmosphere  through  the  outlets  15. 

35  The  fuel  cells  contain  respectively  different  electrolytes  and/or  anode  and  cathode  rod  materials,  so  that 
the  fuel  cells  handle  different  components  of  the  gaseous  fuel.  Each  fuel  cell  produces  a  respective  open-circuit 
output  voltage  VY  V2  —  Vn  as  a  result  of  the  reaction  in  the  cell.  The  output  voltages  are  fed  to  a  microprocessor 
23,  which  also  receives  signals  from  a  gaseous  fuel  temperature  sensor  25  and  an  inlet  gas  pressure  sensor 
27.  The  microprocessor  determines  the  calorific  value  of  the  gaseous  fuel  from  those  input  parameters. 

40  The  calorific  value  (heat  of  reaction)  is  determined  in  the  following  manner. 
The  calorific  value  H  is  given  by 

AH  =  —  =  -  2.305x  1 0 ^ ^ 0 - 1 ^ )  
r|  dt 

AU  AG  -  2.305  x 1 0 4 n V o . . . .  or  AH  =  —  =  (calories) 45  r|  r| 
or  AH  =  -96943nVo  (Joules)  (1) 

where 
AG  =  Gibbs  free  energy  change  for  the  cell  reaction 

so  n  =  number  of  moles  of  electrons  involved  at  anode  and  cathode  reaction  of  the  fuel  cell 
r|  =  cell  efficiency.  This  depends  on  the  type  of  fuel  and  its  composition  and  will  lie  between  0.9  and 

1  .0.  For  cell  reactions  for  most  types  of  fuels  such  as  CO,  H2,CH4,  etc.  occurring  at  298K,  r|  can  be 
ascertained  by  calibration  techniques 

and  V0  =  open-circuit  voltage  of  the  fuel  cell. 
55  The  constants  2.305  x  104  and  96943  are  the  Faraday  Constant  F  expressed  in  different  units,  i.e. 

2 
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F  =  2.305  x  1(F  (cal .   Coulombs) 

J o u l e s  

5  =  96943  Coulombs 

F  is  the  electrical  charge  of  1gm.  mole  of  electrons  (=6.02  x  1023  electrons). 
The  definition  of  n  appearing  in  equation  (1)  is  clarified  by  considering  the  cell  reaction  as  detailed  below: 

Anode  reaction 
w  ViCi  +  v2C2  +  —  VrCr-»aili2n1  <+>+a2l22n2<+>  +  asls2n2(+)  +  2(n1,a1  +  n2a2  +  —  nsas)e"  (2) 

where  v  and  a  are  stoichiometric  coefficients 
G|,  C2  —  Cr  chemical  formulae  for  various  components 

of  the  gaseous  fuel 
I  =  ions  from  the  anode  reaction 

15  n  =  positive  charge 
Cathode  reaction 

Jj02  +  n e - ^   022O  (3) 

Combining  (2)  and  (3),  the  overall  cell  reaction  is: 
20  +  v2C2  +  ...  +  vrCr  +  J  02  ->  a^^Om)  +  a^lAi)  +  a2(l20n2)  +  ....  +  as(ls0ns)  (4a) 

where, 
n  =  2(n1a1  +  n2a2  +  ....  +  nsas) 

By  substituting 

pi  for  h % i  

P2  for  I20n2 

I 
and  Ps  for  Is0ns 

35  
the  reaction  equation  (4a)  may  be  re-expressed  as: 

ViCi  +  v2C2  +  ....  +  vrCr  +   ̂ 02  -^-a^  +  a2P2  +  ....  +  asPs  (4b) 

In  the  above  C1,C2,...Cr  represent  the  chemical  formulae  for  the  various  chemical  constituents  of  the  gas- 
eous  fuel,  which  are  oxidized  to  the  products  P1,P2,...PS.  The  latter  symbols  represent  the  chemical  formulae 
of  the  products.  Î k—  -U  represent  positive  ions  formed  at  the  anode,  according  to  reaction  equation  (2),  re- 

40 leasing  n  gm.  moles  of  electrons.  e<->  represents  electron.  In  equation  (1),  H  represents  the  heat  of  reaction 
for  v1,v2,..vr  moles  of  the  fuels  C1,C2  Cr  present  in  the  gaseous  mixture.  The  change  of  Gibbs  free  energy 
AG  for  the  cell  reaction  may  be  theoretically  related  to  the  fuel  composition  as  indicated  below.  For  the  gaseous 
fuel  mixture: 

AG  =  AG°  +  RTlog  (P)  (5) 
45  where 

R  =  Universal  Gas  Constant  (1989  Cal/K  or  8314  Joules/K). 
T  =  Absolute  temperature  of  the  fuel-cell  operation,  K 

=  <pw<p2y*  (P.7» 

50  
P  (Pl)Vl(P2)v2  (Pr)Vr  K> 

AG°  =  standard  Gibbs  free  energy  change  for  the  cell  reaction 
Pi'(i=1,2,...s)  =  Partial  pressures  of  fuel  cell  reaction  The  magnitude  of  AG°  may  be  evaluated  from  standard 
formations.  Free  energies  of  the  fuel  reactants  and  the  products  of  cell  reactions  are  as  follows: 

3 
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A'G°fi(i=1,2  s)  =  Standard  Formations  Gibbs  Free  Energy  of  products  P1,P2,...PS  expressed  as 
Cal/gm.mol  of  products  or  Joules/gm  mole  of  products. 

AG°fi,  (i=1,2,...r)  =  Standard  Formations  Gibbs  Free  Energy  of  fuel  reactants  C ,̂C2,...Cr,  expressed  as 
Cal/gm  or  Joules/gm  mole  of  fuel  reactants. 

5  Values  of  A'F°f1  and  AG°f1  can  be  readily  obtained  by  those  skilled  in  the  electrochemistry  field.  Hence, 
from  equations  (5),(6)  and  (7)  it  is  possible  to  determine  calorific  values  from  V0  values  for  any  fuel  cell. 

As  mentioned  previously,  a  single  fuel  cell  may  be  used,  and  it  may  be  assumed  that  all  of  the  fuel  reactants 
undergo  anode  reaction  and  result  in  the  production  of  all  of  the  products  P  ̂ P2  —  Ps  at  the  cathode.  In  the 
preferred  Figure  2  embodiment,  which  uses  several  fuel  cells  each  handling  a  different  fuel  component  C2- 

10  ~CS  and  forming  products  P̂   ,P2  —  Ps,the  cell  voltages  V1,V2  —  Vs  are  used  by  the  microprocessor  to  the  calorific 
value  of  the  whole  gas  mixture. 

Each  fuel  cell  may  take  the  form  shown  schematically  in  Figure  3  of  the  drawings.  The  cell  comprises  a 
porous  support  tube  29  on  the  outer  surface  of  which  is  provided  a  cathode  layer  31.  On  the  inner  surface  of 
the  support  tube  is  an  electrolyte  layer  33  with  an  anode  layer  35  therein.  Electrical  output  connections  (not 

15  shown)  are  made  to  the  electrode  layers  31  and  35.  In  use  of  the  fuel  cell,  the  gaseous  fuel  under  test  flows 
through  the  bore  37  in  contact  with  the  anode  layer  35,  and  the  resulting  open-circuit  voltage  is  picked-off  from 
the  electrode  layers.  Ambient  air  in  contact  with  the  cathode  layer  31  acts  as  the  oxydizing  agent. 

The  fuel  cell  is  preferably  of  micron  dimensions. 
Problems  of  polarisation,  which  are  usually  important  if  a  fuel  cell  is  used  for  power  production  purposes, 

20  are  not  significant  in  the  present  invention,  because  the  fuel  cell  is  used  only  for  open-circuit  voltage  meas- 
urement. 

Claims 
25 

1.  Apparatus  for  measuring  the  calorific  value  of  gaseous  material,  characterised  by  at  least  one  fuel  cell 
arranged  to  receive  a  sample  of  the  gaseous  material;  and  means  responsive  to  the  open-circuit  voltage 
of  the  or  each  fuel  cell  to  determine  the  calorific  value  of  the  gaseous  material. 

30  2.  Apparatus  as  claimed  in  Claim  1,  comprising  a  plurality  of  said  fuel  cells,  each  responsive  to  a  different 
component  of  the  gaseous  material. 

3.  Apparatus  as  claimed  in  Claim  1,  wherein  the  means  to  determine  the  calorific  value  comprises  micro- 
processor  means  responsive  to  the  open-circuit  voltages  of  all  of  said  fuel  cells. 

35 

40 

Apparatus  as  claimed  in  Claim  3,  wherein  the  microprocessor  is  also  responsive  to  the  temperature  and 
pressure  of  the  gaseous  material  sample. 

Apparatus  as  claimed  in  any  preceding  claim,  wherein  the  or  each  fuel  cell  comprises  a  tube  for  conducting 
the  gaseous  material,  the  tube  comprising  concentric  anode,  electrolyte  and  cathode  layers. 

45 
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