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Test methods for performance of
phosphoric acid fuel cell power facility

Introduction  This Technical Report (TR) is officially announcing information related
to standardization of fuel cell technology which is undergoing remarkable innovation,
and is provided to expedite, by early offering the information, formation of consensus
required for future incorporation into the Japanese Industrial Standards (JIS).

1 Scope   

This Technical Report (TR) specifies methods for carrying out performance tests on
phosphoric acid fuel cell power facilities.

2 Definitions   

For the purpose of this Technical Report (TR), the following principal definitions shall
be applied:

(1) Interface Point:  A point where waste heat recovery fluid discharges from and
returns to the fuel cell power facility.

(2) Electrical efficiency test:  A test to obtain the ratio of the output energy as
electricity at a specified load at an electrical sending terminal to the input energy
as a calorific value possessed by raw fuel used in a fuel cell power facility.

     The above method is applied when any partial load tests are specified.
The electrical output at a sending terminal can be calculated as “electrical output
at generating terminal minus ( - ) parasitic load” by using the actually measured
values.

(3) Parasitic load:  The power for auxiliary machines and equipment directly
necessary for operation of a fuel cell power facility and accommodated inside a
package of the fuel cell power facility, such as power for blowers, pumps and
control equipment.

(4) Electrical efficiency ( ηE ):  This is obtained from the following equation:

ηE
P 

 F K
= ×

×
×3600 100%

        where, P (kW):  Electrical output at sending terminal
               F (Nm3/h or kg/h):   Consumption of raw fuel per hour
               K (kJ/Nm3 or kJ/kg):  Calorific value of fuel

   (higher heating value base, or lower heating value base)
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(5) Overall energy efficiency test:  A test to obtain the ratio of the sum of the
electric output energy at a specified load at a sending terminal at fuel cell power
facility and the thermal energy recovered from the said facility to the input
energy as a calorific value possessed by the raw fuel used in the said facility.

     The above method is applied when any partial load tests are specified.

(6) Calorific value of recovery heat:  The difference between the calorific value of
the produced hot water or steam at the discharge point and that of the fluid at
the return point of a fuel cell power facility.

(7) Overall energy efficiency ( ηT ):  This is obtained from the following equation:

ηT P H  

F K
= × +

×
×3600 100%

where, P (kW):             Electric output at sending terminal
F (Nm3/h or kg/h):   Consumption of raw fuel per hour
K (kJ/Nm3 or kJ/kg): Calorific value of raw fuel

         (higher or lower heating value base)
H (kJ/h):            Calorific value of recovery heat

(8) Test for characteristic of load following:  Test to verify the characteristic of
load following of a fuel cell power facility when the load changes from one
constant load to another load previously agreed between the manufacturer and
the user under stand alone operation or grid-independent operation of the facility.

(9) Test for output power change:   Test to verify the characteristics of output
power change when the output power changes from a certain load to another load
under grid-connected operation of a fuel cell power facility.

(10) Cold state:   State in which a fuel cell power facility is under shutdown and the
temperature of the reformer, except parts associated with state holding of the cell
stack, are close to ambient temperature .

(11) Warm state:  State in which the temperature of the reformer is higher than
ambient temperature even though a fuel cell power facility is not in an electric
power generating state.

(12) Start-up time:  Time necessary for a fuel cell power facility under Cold State or
Warm State from the initiation of start-up action to commencement of electrical
output at generating terminal. If necessary, start-up operation is classified into
two (2) types: cold start-up and warm start-up.

(13) Shutdown time:  Time necessary for a fuel cell power facility under electric
power generation from when shutdown action is initiated to when inert gas purge
process is completed. If necessary, the shutdown operation state is classified into
two (2) types: normal shutdown and emergency shutdown.



105/6/NP7

3 Classification of test methods   

 Test methods defined in this Technical Report (TR) are as follows:

 (1) Measurement method for raw fuel consumption
 (2) Measurement method for temperature and calorific value of recovered heat
 (3) Test method for electrical efficiency
 (4) Test method for overall energy efficiency
 (5) Test methods for characteristics of load following and output power change
 (6) Measurement methods for start-up time and shutdown time

 (7) Test methods for cell stack voltage and current

 (8) Measurement method for reactive power

4. Test methods   

  Specific test methods are as follows:

4.1  Measurement method for raw fuel consumption

4.1.1 Measurement conditions:  Carry out measurement under steady operation of
fuel cell power facility at the specified output power.

4.1.2 Measurement method:  Measure the flow rate in mass or volume. To
measure  volume, measure the temperature and pressure at a point near the
flowmeter.

 (1) Measurement items:  Measure the flow rate of the raw fuel, the temperature
and the pressure at the specified measurement point.

 (2) Measurement methods

   Case A:  When supplied raw fuel is gas

(a) Measure the flow rate F0 (m3/h) of the raw fuel entering the fuel cell power
facility with a flowmeter.

(b) Measure the temperature T (oC) and the pressure p (kPa) at the points located
near the measurement equipment for raw fuel flow.

(c) Carry out temperature correction and pressure correction on the flow rate by
means of the following equation:

F F
T

P = ×
+

×
×

0 2
3273

273 1013 10.
( / )m hN

   Case B:  When supplied raw fuel is liquid

(a) Measure the flow rate F0 (liters/h) of the raw fuel entering the fuel cell power
facility with a flow meter or by means of the liquid level change in the fuel
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tank.

 (b) Measure the temperature T (oC) at the point located near the measurement
equipment for raw fuel flow rates.

(c) Carry out the temperature correction on the flow rate by means of the
following equation:

F (kg/h) =  F0   x •

where, • (kg/liter):  Density of raw fuel at temperature T

4.1.3 Measurement recording sheet:   A measurement recording sheet is shown
as a guide in the attached Table 1.

4.2  Measurement methods for temperature and calorific value of
recovered heat

4.2.1 Measurement conditions:  Carry out the measurement while the fuel cell
power facility is operating stably at a specified load at the sending terminal,
and while the temperature and flow rate of waste heat recovery fluid are under
steady state.

4.2.2 Measurement method

 (1) Measurement items:  Measure the temperature (oC) at the discharge and return
points and the flow rate (kg/h) of the waste heat recovery fluid.

 (2) Measuring apparatus:  For flow rate measurement on the hot water or steam
taken out of the system, carry out the measurement using a device capable of
measuring to an accuracy of +5 % of the maximum measurable flow rate.

 (3) Measuring methods:  The measuring methods shall be as follows:

   Case A:  When form of recovered heat is hot water

(a) Measure the temperature T1 (oC) at the return point and the temperature T2

(oC) at the discharge point of the heat recovery fluid at the interface point of
the fuel cell power facility.

(b) Measure the flow rate Q (kg/h) of the waste heat recovery fluid.

(c) Calculate the calorific value H (kJ/h) of the recovered waste heat by means of
the following equation:

H (kJ/h) =  (i" - i')  x  Q

where, i" (kJ/kg):  enthalpy of water at temperature T2

i' (kJ/kg) :  enthalpy of water at temperature T1   
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   Case B:  When form of recovered heat is steam

             (Discharge as saturated steam, and return as water)

(a) Measure the temperature T1 (oC) of the returning heat recovery fluid, and the
pressure p (MPa) of or the temperature T2 (oC) of exiting steam at the interface
point of the fuel cell power facility. From the pressure of the steam, obtain the
temperature of the steam corresponded to the saturated steam pressure of the
said p (MPa).

(b) Measure the flow rate Q (kg/h) of the waste heat recovery fluid (steam). When
the system of waste heat recovery forms a closed loop, measure either the flow
rate of return water (condensed water) or the flow rate of exiting steam.

(c) Calculate the calorific value H (kJ/H) of recovered waste heat by means of the
following equation:

H (kJ/h) =  (i" - i')  x  Q

where, i" (kJ/kg):  enthalpy of water at temperature T2

i' (kJ/kg) :  enthalpy of water at temperature T1

4.2.3 Measurement recording sheet:  A measurement recording sheet is shown as
a guide in the attached Table 2.

4.3  Test method for electrical efficiency

4.3.1 Test conditions  Carry out the test under steady operation of fuel cell power
facility at a specified load at the electrical sending terminal.

4.3.2 Measurement method

  (1) Measure the electrical output at the sending terminal and the raw fuel
consumption of the fuel cell power facility.

(a) Electrical output at sending terminal:  Use the electric meter provided in
the fuel cell power facility. It may be practical to obtain the electrical
output from the data measured by the integrating electric meter, subject
to agreement by the parties concerned.

(b) Raw fuel consumption:  As specified in item 4.1 mentioned above.

  (2) With regard to the heating value of the raw fuel, the typical heating value
treated as standard data by gas supplier and customer at site is to be applied
for calculation.

  (3) Measurement intervals:  The measurements shall be carried out while the
power facility is operating under steady state. Even under such stable state, the
measured values change depending on periodic operation of some auxiliary
machine installed in the fuel cell power facility. Therefore, take enough
measurements with appropriate interval so that the average of the measured
values coincides with the central value of the variation range.
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  (4) Correction of measured values: The measured values may be corrected
according to the results of calibration of the instruments applied.

4.3.3 Record of results

  (1) Record:  A test results sheet is shown as a guide in the attached Table 3.

  (2) Calculation:  Calculate the electrical efficiency using the measurement results
by means of the equation stated in item (4) of Section 2 above.

4.4  Test method for overall energy efficiency

4.4.1 Test conditions:  Carry out the test while the fuel cell power facility is
operating under steady state at a specified electrical output at the sending
terminal, and while the temperature and the flow rates of heat recovery fluid
are also under steady state.

4.4.2 Measurement method

 (1) Measure the electrical output at the sending terminal, the raw fuel consumption
and the calorific value of the recovered heat from the fuel cell power facility.

(a) Electrical output at sending terminal:  Use the electric meter provided in
the fuel cell power facility. It may be practical to obtain the electrical
output from the data measured by the integrating electric meter, subject
to agreement by the parties concerned.

(b) Raw fuel consumption:  As specified in item 4.1 mentioned above.

(c) Calorific value of recovered waste heat:  As specified in item 4.2
mentioned above.

 (2) With regard to the heating value of the raw fuel, see item 4.3.2 (2) above.

 (3) Measurement intervals:  As specified in item 4.3.2 (3) above.

 (4) Correction of measured values:  The measured values may be corrected
according to the results of calibration of the instruments used.

4.4.3 Record of results

  (1) Record:  A test results sheet is shown as a guide in the attached Table 4.

  (2) Calculation:  Calculate the overall energy efficiency using the measurement
results by means of the equation stated in item (7) of Section 2 mentioned above.
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4.5  Test methods for characteristics of load following and output
power change

4.5.1 Test conditions:  The fuel cell power facility is operated under steady state
before and after test initiation.

4.5.2 Measurement method

 (1) Where the fuel cell power facility is operated as a stand alone operation, conduct
on/off actions of the load (using electric heaters, for example) and measure the
transient change of the voltage at the electrical sending terminal.

 (2) For grid-connected operation, specify the range of electrical load change and the
transient time, and measure the width of electrical output change at the sending
terminal and the transient time of electrical output change when the electrical
load at the sending terminal varies from a specified output to the rated output .

4.5.3 Test record sheet:  A test record sheet is shown as a guide in the attached
Table 5.

4.6  Measurement methods for start-up time and shutdown time

4.6.1 Measurement methods

       Measure the start-up and shutdown times as follows:

 (1) Start-up Time:  Measure the time from the initiation of start-up action of the fuel
cell power facility under cold state or hot state, to commencement of electrical
output at the generating terminal.

  (2) Shutdown Time:  Measure the time necessary for a fuel cell power facility under
electric power generation from when shutdown action is initiated by normal or
emergency shutdown procedure to when inert gas purge process is completed.

4.6.2 Test record sheet:  A test record sheet is shown as a guide in the attached
Table 6 and Table 7.

4.7 Test method for cell stack voltage and current

4.7.1 Test conditions

       Carry out the test while the fuel cell power facility is operating stably at a
previously specified electrical output at the sending terminal.

4.7.2 Measurement method

 (1) Measure the cell stack voltage and current at the electrical output terminal of the
cell stack confirming that operation is stable.
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 (2) Carry out the measurement at least at three different loads by changing the electrical
output of fuel cell power facility selecting three optional loads or more, including 100 %
load out of 100 %, 75 %, 50 %, 25 % and 0 % at the sending terminal.

4.7.3 Test record sheet:  A cell stack voltage and current test record sheet is shown as a
guide in the attached Table 8.

4.8 Measurement method for reactive power

4.8.1 Measurement conditions

       Carry out the measurement while the fuel cell power facility is operating under steady
state at a specified electrical output at the sending terminal.

4.8.2 Measurement method

    (1) Measure the reactive power at the sending terminal of the fuel cell power facility.

    (2) Measure the reactive power through a range where the reactive power of the inverter is
adjustable.

    (3) If the fuel cell power facility is not equipped with a reactive power meter, carry out the
measurement by installing a reactive power meter.

4.8.3 Measurement record sheet:  A reactive power measurement record sheet is shown
as a guide in the attached Table 9.
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          Table 1 Measurement record sheet for raw fuel consumption of
phosphoric acid fuel cell power facility

Name of fuel cell
power facility                                           

Date of
measurement         Year      Month      Day  (    )

Rated output power
(at sending end)                                     kW

Place of
measurement                                         

Kind of raw fuel                                        Weather                                               

kJ/m3N

High heat value base                            or kJ/kg Ambient temperature                                 oC

Flow meter
Type 

Product number

Manufacturer

Relative humidity                                 RH %

Atmospheric pressure                               hPa

Measurer                                              

Measurement record

Test
Number

Time Measured
output
power at
sending end

kW

Measured
flow rate by
flowmeter

m3/h
or kg/h

Measured
fluid
temperature

oC

Measured
fluid
pressure

kPa

Measured
raw fuel
consumption

m3N/h
or kg/h

Remarks
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         Table 2 Measurement record sheet for waste heat temperature and
calorific value of recovered waste heat of phosphoric acid
fuel cell power facility

Name of fuel cell
power facility                                           

Date of
measurement         Year      Month      Day  (    )

Rated output power
(at sending end)                                     kW

Place of
measurement                                         

Waste heat
recovery fluid                                          Weather                                               

Specific heat at
constant pressure   Cp                         kJ/kg•C

(at average of outlet temperature and
return inlet temperature)

Ambient temperature                                 oC

Flow meter
Type 

Product number

Manufacturer

Relative humidity                                 RH %

Atmospheric pressure                               hPa

Measurer                                              

Measurement record (Name of aimed power system:                                                              )

Test
Number

Time Measured
output
power at
sending
end

kW

Measured
return
tempera-
ture

oC

Measured
outlet
tempera-
ture

oC

Measured
phase of
fluid at
outlet

Measured
flow rate

kg/h

Calorific
value of
recovered
waste heat

kJ/h

Remarks
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         Table 3 Test record sheet for thermal efficiency of phosphoric acid
fuel cell power facility

Name of fuel cell
power facility                                           

Date of
measurement         Year      Month      Day

Rated output power
(at sending end)                                     kW

Place of
measurement                                         

Kind of raw fuel                                        Weather                                               

kJ/m3N

High heat value base                            or kJ/kg Ambient temperature                                 oC

Extent of auxiliary power
Secondary cooling Not
water pump         Included     included

Not
Cooling tower         Included     included

Relative humidity                                 RH %

Atmospheric pressure                               hPa

Measurer                                              

Test
Number

Time Measured
output
power at
sending
end

kW

Measured
output
power at
generating
end

kW

Measured
auxiliary
power

kW

Measured
raw fuel
consump-
tion

m3N/h
or kg/h

Measured
calorific
value of
recovered
waste heat

kJ/h

Thermal
efficiency

%

Remarks
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         Table 4 Test record sheet for overall energy efficiency of
phosphoric acid fuel cell power facility

Name of fuel cell
power facility                                           

Date of
measurement         Year      Month      Day

Rated output power
(at sending end)                                     kW

Place of
measurement                                         

Kind of raw fuel                                        Weather                                               

kJ/m3N

High heat value base                            or kJ/kg Ambient temperature                                 oC

Extent of auxiliary power
Secondary cooling Not
water pump         Included      included

Not
Cooling tower         Included      included

Relative humidity                                 RH %

Atmospheric pressure                               hPa

Measurer                                              

Test
number

Time Measured
output
power at
sending
end

kW

Measured
output
power at
generating
end

kW

Measured
auxiliary
power

kW

Measured
raw fuel
consump-
tion

m3N/h
or kg/h

Measured
calorific
value of
recovered
waste heat

kJ/h

Overall
energy
efficiency

%

Remarks
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          Table 5 Test record sheet for characteristics of load following and
output power change of phosphoric acid fuel cell power
facility

Name of fuel cell
power facility                                           

Date of
measurement         Year      Month      Day

Rated output power
(at sending end)                                     kW Place of measurement                                   

Kind of raw fuel                                        Weather                                               

Ambient temperature                                 oC

Relative humidity                                 RH %

Atmospheric pressure                               hPa

Measurer                                              

Measurement record

(1) Test for characteristics of load following

Test
Number

Measured load
change

kW or %

Measured
width of load
change

Measured voltage
change

V

Measured
width of
voltage
change

Measured
voltage
recovery
time

Remarks

Before After kW or % Before After V Hz or s

(2) Test for output power change

Test
number

Measured
output power
change

kW or %

Measured
width of
output
power
change

Time of
measurement

RemarksSetting value of
output power
change rate

kW/s or kW/min
%/s or %/min Before After kW or % Before After

Measured
duration of
output
power
change

s or min

Measured
output power
change rate

kW/s or kW/min
%/s or %/min
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         Table 6 Measurement record sheet for start-up time of phosphoric
acid fuel cell power facility

Name of fuel cell
power facility                                           

Date of
measurement         Year      Month      Day

Rated output power
(at sending end)                                     kW Place of measurement                                   

Kind of raw fuel                                        Weather                                               

Ambient temperature                                 oC

Relative humidity                                 RH %

Atmospheric pressure                               hPa

Measurer                                              

Measurement record

Cold    start-up
Hot

Test
Number

Measured
temperature of
reformer before
start-up
operation

oC

Measured time of
commencement

Measured time of
completion

Measured start-
up time

min

Remarks
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         Table 7 Measurement record sheet for shutdown time of
phosphoric acid fuel cell power facility

Name of fuel cell
power facility                                           

Date of
measurement         Year      Month      Day

Rated output power
(at sending end)                                     kW Place of measurement                                   

Kind of raw fuel                                        Weather                                               

Ambient temperature                                 oC

Relative humidity                                 RH %

Atmospheric pressure                               hPa

Measurer                                              

Measurement record

Normal shutdown
Emergency

Test
number

Measured output
power before
shutdown
operation

kW

Time of
commencement of
measurement

Time of
completion of
measurement

Measured
shutdown time

min

Remarks
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          Table 8 Test record sheet for cell stack voltage and current of
phosphoric acid fuel cell power facility

Name of fuel cell power facility                          Date of measurement         Year      Month      Day

Rated output power (at sending end)                  kW Place of measurement                                   

Kind of raw fuel                                        Weather                                               

Total duration of operation                             h Ambient temperature                                 oC

Total generated electric energy                      kWh Relative humidity                                 RH %

Structure of cell stack Atmospheric pressure                               hPa

Number of cell stacks                                 

Connection method
of cell stack                    parallel         series

Number of unit cell                      cells/cell stack

Effectively acting area                             cm2

Measurer                                             

Measurement record

Test Measured Measured cell Measured cell Remarks
number Output power

at sending end
KW

stack current

A

stack voltage

V

Hydrogen
utilization
factor %

Oxygen
utilization
factor  %

Remarks

C
el

l s
ta

ck
 v

ol
ta

ge
 V

Cell stack current A
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          Table 9 Measurement record sheet for reactive power of
phosphoric acid fuel cell power facility

Name of fuel cell power facility                          Date of measurement         Year      Month      Day

Rated output power (at sending end)                  kW Place of measurement                                   

Kind of raw fuel                                        Weather                                               

Grid voltage/frequency             V                 Hz Ambient temperature                                 oC

Rated output voltage                                  V Relative humidity                                 RH %

Rated output current                                  A Atmospheric pressure                               hPa

Test inverter

Rated output
power of inverter                                 kVA

Adjustable range
of reactive power                to               kvar

Measurer                                             

Measurement record

Test
number

Measured
output
voltage

V

Measured
output
current

A

Measured
grid
voltage

V

Measured
reactive
power

kvar

Measured
active
power

kW

Measured
power
factor

Remarks

100%

Reactive

power

100%
Active

power
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NOTES for TR C 0003 :1997
- Test methods for performance of phosphoric acid fuel cell power facility

-

The purpose of these NOTES is to provide supplemental explanation of the items
prescribed in this Technical Report (TR) and their background. These NOTES are
not a part of the TR.

A.  General Notes

(1) The power plant described in this TR is defined as a packaged Fuel Cell Power
Facility (FCPF) whose rated power output is less than approx. 1,000 kW.

B.  Specific Notes

The sub-title numbers below correspond to those in main text of TR.

4.1  Measurement method for raw fuel consumption

(1) The method of measurement for the row fuel consumption is classified into two
(2) categories depending on types of fuel, gaseous fuel and liquid fuel. In
accordance with the majority opinion at the Working Group to provide this TR,
the type of flow meter is not specified, and is generally expressed as “flow
meter”. In the Measurement Recording Sheet, however, the type of flow meter
used is to be described.

(2) The time taken to measure the fuel consumption is not specified in this TR,
since   various types of instrument are provided in the FCPF. It should be
practically defined considering the type of measurement instrument in the
FCPF.

(3) Where an integrating flow meter is not used to measure fuel consumption, the
indication by the instrument usually fluctuates. Therefore, the fuel
consumption per an hour is calculated as an average of representative spot data
so as to minimize error due to flow fluctuation.

(4) When the raw fuel is a liquid such as methanol, the fuel consumption can be
calculated by the level change of the liquid surface in the storage vessel.

(5) As a rule, the instruments provided in the FCPF are to be used for the test
measurements. If no appropriate instrument is provided in the FCPF, an
appropriate meter/gauge needs to be provided for the test.
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4.2  Measurement method for temperature and calorific value of
recovered heat from FCPF

(1) The measuring method is classified into two categories depending on the forms
of the recovered heat from FCPF; hot water and steam.

(2) While there are cases in which the vortex type flow meter is applied to the hot
water flow and the pressure differential type flow meter is applied to the steam
flow, this TR specifies only the measurement accuracy without mentioning the
type of flow meter.

(3) The “Interface points” for the heat recovered from FCPF are defined as two
points in the FCPF; the point from which fluid goes out to the heat utilization
facility and the point to which fluid returns from it. In actual, the recovered
heat is utilized for various equipment or facilities in various systems, and it is
not practical to estimate the performance of the FCPF on the basis of data from
the heat receiver sites, because the heat losses from plumbing and heat
utilization facilities are indefinite. Therefore, in this Section, the calorific value
of the recovered heat from the FCPF is defined as the difference between the
heat quantities at the above interface points in the FCPF.

(4) Where the integrating flow meter is not used for measurement, the flow rates
shall be calculated as an average of the representative spot data in order to
minimize the error due to flow fluctuation.

(5) The steam delivered from the FCPF for utility is treated as saturated steam.

(6) When the testing load is changed, the measurement shall be conducted when
the power plant operation becomes stable. Furthermore, in order to avoid effects
from scattering in measured values due to system fluctuation, multiple
measurements are required to obtain the average of it.

(7) When two kinds of heat are delivered from the FCPF, the heat quantities
should be measured simultaneously, under stable operating conditions.

(8) In order to define the enthalpy of the fluid to be used to calculate the heat
quantity of hot water or steam, the Steam Tables published in 1981 by the
Japan Society of Mechanical Engineering (JSME) may be refered.
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(9) If the heat transfer medium to be used for heat recovery from FCPF is used
without phase change, the heat quantity may be calculated using the specific
heat of the medium, as follows:

      H = ( T2 - T1 )  x  Q  x  Cp

      here,

      Cp = Specific heat (kJ/kg C) at constant pressure of the medium

           at the temperature of (T2 -T1) / 2

4.3  Test Method for Electrical Efficiency

(1) The type of fuel flow meter is not specified in this Section. The integrating flow
meter is applicable to obtain the fuel flow rates. The type of flow meter is
subject to agreement by the parties concerned.

(2) The heating value actually measured is also applicable,instead of the typical
heating value being used at site. The value to be used for the calculation is
subject to agreement by the parties concerned.

(3) The electrical output of FCPF is to be defined as the electrical output at
sending terminal (not at generating terminal), since users are generally familiar
with this term. The electrical output at sending terminal may be obtained by
subtracting the parasitic load from the electrical output at generating terminal.

   With regard to a testing load other than the rated power output, the procedure
specified in the method above is applicable if the FCPF manufacturer and the
user agree with. The selection of the Higher Heating Value or the Lower
Heating Value to be used for calculation is also subject to agreement by the
parties concerned.

(4) Usually, the electrical output at sending terminal is controlled not to markedly
fluctuate. In most cases, users do not have special equipment to measure the
electrical output. Therefore, the electrical output at sending terminal is
measured using the device provided in the FCPF. It would be practical to obtain
the value of electrical output by the integrating electric meter. The applicable
procedure for measurement is subject to agreement by the parties concerned.

(5) Scope of parasitic load

   1) The power required for air conditioning and lighting in a building in which the
FCPF is installed, that is, the one which is indirectly used for the FCPF
operation, is not included within the scope of parasitic load.
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   2) There may be some cases in which it is not clear if the power consumed is
parasitic load, as follows:

        Sample Case A:

        The secondary cooling pump for circulation of heat recovery medium is not
located inside of the FCPF package, so the required pump power is not
counted as parasitic load.

        Sample Case B:

        The electric power source for the cooling module as for an auxiliary machine
of the FCPF is supplied from external power source outside the FCPF.

        Sample Case C:

        Due to the installed location of the FCPF, the FCPF commonly use a cooling
tower in another facility.

    Considering the above, this Section simply specifies that the actual
configuration of parasitic load is to be recorded on test record sheet, clarifying
whether the power for the secondary cooling pump and/or the cooling module
is included as parasitic load or not.

(6) The measuring interval during the test is not specified in this Section. The
practical measuring interval should be selected so as to achieve the purpose of
the test, considering the type of instruments for measurements.

(7) The number of measurement times is considered as follows:

   Where the integrating flow meter is not used, measurement of flow rates should
be conducted three times or more in series so that the average of the
representative spot data can be equivalent to the average flow rate.

   Where the integrating flow meter is used, the flow rates should be calculated by
using the data recorded during a representative time period.

(8) Where the actual test conditions, such as cooling water temperature, fuel
composition, output voltage and power factor can not be consistent with the
designed values, the result of the test is to be compensated, if necessary. The
specific manner of compensation, however, is not specified in this TR, since it
depends on the nature of the FCPF.
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4.4  Test method for overall energy efficiency

(1) The type of fuel flow meter is not specified in this Section. See item 4.3 (1)
above.

(2) With regard to the heating value of the raw fuel, see item 4.3 (2) above.

(3) With regard to electrical output of FCPF and its measurement, see item 4.3 (3)
and (4) above.

(4) With regard to the scope of parasitic load, see item 4.3 (5) above.

(5) With regard to the scope of FCPF, refer to Figure-1 attached hereto.

   The quantity of the recovered heat from FCPF for heat utilization is to be
obtained from the measured data at both the discharge point and the return
point of the FCPF, since the heat losses generated at the heat utilization facility
and the related plumbing are indefinite.

(6) With regard to the measuring interval during the test, see item 4.3 (6) above.

(7) With regard to the number of measurement times, see item 4.3 (7) above.

(8) With regard to compensation to the actual test conditions, see item 4.3 (8)
above.

4.5  Test method for characteristics of load following and output power
change

(1) With regard to the electrical output of FCPF, see item 4.3 (3) above.

(2) In grid-independent operation, the load following test is conducted as an
instantaneous load change, so it will be difficult, in most cases, to define the
specific test procedure. Item (1) of Sub-Section 4.5.1 in this TR was provided
considering a possible rare case in which such test might be planned.

(3) The voltage changes in the load following tests are observed by the record
charts or any equivalent measures.
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4.6  Measurement methods of start-up time and shutdown time

(1) With regard to the electrical output of FCPF, see item 4.3 (3) above.

(2) If any temperature related to any components other than the reformer is measured,
such items are recorded in a remark column on the test record sheet.

(3) This test method was tentatively specified under the following situation:

   1) The definition of technical terms associated with this test is different, depending
on FCPF manufacturers.

   2) It is difficult to specifically harmonize the definition of the starting and ending
times associated with this test, because the gas purge procedures are different,
depending on FCPF manufacturers.

4.7  Test method for cell stack voltage and current

(1) The cell stack voltage and the cell stack current are measured at generating
terminal (direct current terminal) of the cell stack. Where a FCPF consists of
multiple cell stacks, an end terminal of the integrated multiple cell stacks is used
for the measurement.

(2) Where an FCPF is designed to have multiple cell stacks and a grounding point at
the middle of the series stacks, the cell stack voltage is measured at this grounding
point.

(3) Measurement of the cell stack voltage and current is conducted at some different
level of electrical output at sending terminal so that the voltage is measured at
current levels at three points or more. In some FCPF models, however, there might
be a limitation of the range for measuring the cell stack current, since a part of the
power output from the cell stack is used for the parasitic load in the FCPF. In this
case, three points or more are flexibly selected within a practical range without
adhering the test point of the electrical output at sending terminal as 75 %, 50 %
and 25 % of the rated power output.

(4) It is generally considered that the cell operating temperature, the hydrogen
utilization and the oxygen utilization, all of which seem to affect the fuel cell
characteristics, are controlled automatically so as to keep the design values when
the FCPF is in automatic operation. The values of such items, however, vary
depending on the model of FCPF and the operating conditions. Therefore,
standardization of such items is not possible for the time being. If necessary,
however, the measured data of the hydrogen utilization and the oxygen utilization
are recorded as remarks.
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(5) The hydrogen utilization and the oxygen utilization are obtained by measuring the
concentration of hydrogen and oxygen, respectively, at the inlet portion and the
outlet portion of the two kinds of reactant gases in the cell stack. Such
measurement may be conducted by using the gas-chromatography, for example.

4.8  Measurement method for reactive power

(1) The measurement of the reactive power is conducted under grid-connected
operation, and it is preferable to measure both lead and lag within an
adjustable  inverter range.

(2) Since there is a case where the power for parasitic load is supplied from the
electrical output terminal of the inverter, the reactive power is to be measured
at the electrical output sending terminal of the FCPF.

(3) If necessary, measurement to confirm the performance of the inverter itself is
conducted at the output terminal of the inverter.
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