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Abstract

In this study, carbon dioxide content of pipeline gas supplied to an on-site fuel cell power plant in the Greater Taipei area is higher
than that specified by the manufacturer. This lowers the heating value of the fuel input and thus affects the start-up operation, the
energy-conversion efficiency of the power plant, and the transient response to a stepped increase in output power. This paper reports the
operation characteristics of the fuel cell power plant under these conditions. It is found that the local gas can be used to operate the fuel
cell, but at a reduced net output power. q 1998 Elsevier Science S.A. All rights reserved.
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1. Introduction

Fuel cells are the fourth major power-generation tech-
w xnology after hydro, thermal, and nuclear technologies 1 .

w xIn spite of their success in space missions 2 since the
1960s, however, fuel cells have not enjoyed similar ad-
vancement in terrestrial applications. Other than the two
MW-class phosphoric acid fuel cell power plants installed

w xby the Tokyo Electric Power 1,3 in the 1980s for pur-
poses of demonstration as dispersed-type, power-genera-
tion applications, their capacity remains in the range of a

w xfew hundred to a few thousand kilowatts 4–6 , with
emphasis on building a fleet of fuel cell power plants of

w x200-kW capacity 7,8 to penetrate the market of power
generation. Even with the more promising molten carbon-
ate fuel cells, the largest capacity of such system to date is

w xstill close to 2 MW 9 . But with increasing diminution of
fossil fuel resources, as well as ever increasing demands
for power generation and environmental concerns world-
wide, there is a great need for on-site power plants of
smaller capacity that have complete control over power
quality, high efficiency in energy conversion, reduction in
transmission and distribution losses, and relatively less
intrusion to the environment in terms of noise, air and

) Corresponding author.

w xother pollutants 10 . Among present power-generation
w xtechnologies, fuel cells are very promising 11 because of

their automatic and unattended operation, as well as their
capability for co-generating electricity and steam.

A phosphoric acid fuel cell power plant manufactured
Ž .by the ONSI Corporation model PC25B is installed in

the premises of the Power Research Institute of the Taiwan
Power for the study of the possible use of fuel cells as
on-site power generation in the densely populated Greater
Taipei area. The carbon dioxide content of the pipeline gas
supplied to the site is higher than that specified by the
manufacturer; this results in a lower heating value of the
fuel for the power plant. Consequently, the operations of
the power plant are affected in terms of longer start-up
time, lower energy conversion efficiency as well as re-
duced maximum output power. The designed capacity of
200 kW of the power plant can only be achieved with
special procedures. This paper reports the characteristics of
the fuel cell power plant in start-up and steady-state opera-
tions, as well as its transient response to a step increase of
output power using natural gas with excess carbon dioxide.

2. Operation of on-site fuel cell power plant

The fuel cell power plant installed in this study can be
operated in either idle, grid-independent, or grid-connected

w xmode 12 . When the power plant enters the idle mode of
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operation, it is considered as running except that the output
power is zero. The total power generated by the fuel cell
stack is consumed by the operations of the balance of plant
such as the electric heaters which supply heat to sustain
the operating temperature of the fuel cell stack, as well as
the pumps and blowers that transfer liquids and gases to
ensure the functioning of the power plant. For the grid-in-
dependent mode of operation, the output of the power
plant follows the load to which the power plant is con-
nected. In this study, for the benefits of experimentation,
the independent load is a boiler with electric heaters

w xgrouped in bundles of different capacity 13 so that steady
operations at this different levels of power consumed in
the study can be achieved. In the case of the grid-con-
nected mode, the output level of the power plant is set by
the operator, and the power plant constantly monitors the
conditions of the grid and reacts accordingly with little
deviation. Should any abnormal conditions arise in the
grid, the power plant is put into a special operation state in
which the output power is stopped but remains connected
to the grid. If conditions return to normal within a pre-de-
fined time delay, grid-connected operation is resumed at
the output power previously set. Otherwise, the power
plant disconnects from the grid and either goes to the idle
or the grid-independent mode of operation, depending on

the instruction given by the operator. It should be noted
that for both grid-independent and grid-connected modes
of operation, there is still a portion of power generated by
the fuel cells to sustain the operations of the balance of
plant, so called ‘parasitic power’. Further details of the
operation of the power plant, can be obtained from the
original manual of the power plant published by the manu-

w xfacturer 12 .
A schematic diagram of the fuel cell power plant is

illustrated in Fig. 1. The pipeline gas, after going through
the hydro-desulfurising process, mixes with a fixed ratio of
steam. The resulting mixture is sent to the reformer and the
shift-conversion reactors successively, by the steam ejector
EJT010 for the respective reforming and shift-conversion
reactions. After these chemical processes, the product viz.,
hydrogen-rich gas, is fed into the anodes of the fuel cells.
With the air going into the cathodes of the fuel cells, d.c.
current is produced by electrochemical reactions. The

Žopening of the steam ejector, measured by the valve
.ZT010 determines the amount of fuel gas to be converted

into hydrogen for the subsequent input to the fuel cells.
Therefore, the maximum power generated by the fuel cells
fuelled by the pipeline gas of fixed heating value is limited
by the maximum opening of the valve ZT010. The unspent
gas from the anodes, still rich in hydrogen, is burnt in the

Fig. 1. Schematic diagram of fuel cell power plant.
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combustion chamber of the reformer, supplying heat nec-
essary to support the endothermic reforming reactions. The
flue gas from the combustion chamber then combines with
the cathode effluent and the mixture goes through a con-
denser where water is reclaimed for use in the steam-refor-
ming process.

A close examination into the system reveals that there
are two solenoid valves parallel to the control valve that
supply air to the cathodes of the fuel cells. They will be
fully opened when a sudden increase of flow of air is
needed, as in the case of a sudden surge of output power
resulting either from direct instruction from the operator
when the power plant is in the grid-connected mode of
operation, or as commanded by the independent load dur-
ing the grid-independent mode of operation. Simultane-
ously, the flow of anode gas is also increased. The source
of extra hydrogen needed for the electrochemical process
comes from the product gas of the abovementioned chemi-
cal reactions that is held in the piping of the system
initially, and is supplemented by the influx of pipeline gas
through further opening of the steam ejector EJT010 going
into the reformer and the shift-conversion reactor. After
the system stabilizes, the two solenoid valves supplying
extra air to the cathodes close, the opening of the steam
ejector gradually moves towards its steady-state value, and
the system is back to normal operation. This particular
operation has to be monitored closely because, as a safety
precaution, the power plant will be automatically shutdown
when ZT010 is measured out of range for more than 5 s.
Therefore, the opening of the steam ejector can be consid-
ered as a crucial element in the operation of this fuel cell
power plant, not only in limiting the maximum power
output but also in limiting the rate of increase of output
power, especially when the power plant approaches its
designed maximum capacity of 200 kW. In such cases,
special care has to be exercised in monitoring the status of
the opening of ZT010, and small incremental steps of
output power can only be made after the opening of ZT010
returns to its steady-state value at the corresponding output
power.

As an on-site power plant, model PC25B is designed
for automatic, unattended operation, governed by the built-
in microprocessor which constantly monitors and controls
the operations of the individual components of the power
plant according to the procedure designed by the manufac-
turer. A CRT together with a keypad, installed on the front
panel of the power plant, provides the interface for com-
municating operator commands and displaying operating
status. An exact duplication used as an external control
station can be set up in a separate location no further than
4.5 km away, such as the control room in this study with a

w xfibre-optic link 14 . A printer port is provided below the
keypad so that data shown on the CRT can be transcribed
if needed. The displayed data are renewed every 2 to 3 s,
but old data of prescribed time settings can be traced in the
rolling memory which is designed to hold the history of

the performance of the power plant for up to 25 h. Since
the software program for transferring the data of the power
plant taken by the built-in microprocessor to a separate
data-acquisition system for permanent recordings is not
available, manual recordings are necessary for analyzing
the performance of the power plant, especially for studying
its transient responses.

3. Experimental method

Understandably, the use of fuel with a different heating
value changes the rate of energy input to the power plant
at the same designed rate of fuel flow. The start-up time,
as well as the maximum output power, of the fuel cell
power plant are thus affected accordingly. Further, as will
be seen later, the lowering of the heating value of the fuel
in this study is the result of the relatively high content of
carbon dioxide. This, in turn, increases the partial pressure
of carbon dioxide, an inert gas in the electrochemical
reaction process, in the anode gas and thus decreases the
energy conversion efficiency of fuel cells, as predicted by

w xthermodynamical studies 15,16 . Hence, experiments are
set up to study the influence of high carbon dioxide
content of the fuel on the start-up and steady-state opera-
tions of the fuel cell power plant, as well as on its transient
response to a stepped increase in output power.

3.1. Start-up

Normal start-up operation of the fuel cell power plant
usually takes about 4 to 5 h, as it is intended to raise the
temperature of each component of the power plant from
the cool-down state to the respective operating temperature
in a moderate fashion, thus ensuring even temperature
distribution in each component throughout the heating-up
process. Most of the time spent in the start-up process is to
heat up the reformer as well as the steamrwater separator.
At this stage, the temperature of the reformer is raised by
burning fuel gas in the combustion chamber. The tempera-
ture of the steamrwater separator is increased by the water

Ž .which circulates the low-temperature assembly LTA and
the coolers in the fuel cell stack, and this water is mainly
heated by the four electric heaters in the thermal-manage-
ment system. Consequently, the fuel cell stack is also
brought to its operating temperature by this heat-up pro-
cess at this stage. It should be noted that, if necessary, the
temperature of the fuel cell stack is also maintained by
these four electric heaters throughout the operations of the
power plant. Hence, the temperature of the reformer and
the steamrwater separator is closely monitored and
recorded during the start-up process in this study.

3.2. Steady-state operation

In order to obtain steady-state results in this study, the
power plant is either operated in the idle mode, or in the
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grid-independent mode when it is connected to the boiler
mentioned above over a prolonged period of time in order
to minimize disturbances from the open grid. Data are
collected through downloading the information on the
CRT to a printer for permanent record. These results form
the basis of the operation characteristics of the power plant
at different levels of output power since they represent the
ultimate performance of the fuel cell power plant at the
corresponding output power without outside interruptions.

3.3. Transient response to a stepped increase in output
power

During grid-connected mode of operation, in the event
when the power plant resumes sending the original output
power to the grid after interruptions from the grid are
cleared within pre-defined time delay, the operation of the
fuel cell power plant resembles a stepped increase in
output power from its idle mode of operation. Hence,
experiments are designed to study the transient response,
as well as the maximum output power of the power plant,
under such situations. The power plant is first put on idle
mode of operation for a prolonged time to achieve steady-
state conditions. The net output power is set to a predeter-
mined level before the power plant is abruptly changed
from the idle mode to the grid connected mode of opera-
tion at the net output power under study, and the data are
recorded for further analysis.

The transient response of the fuel cell power plant in
both gross and net output power, reformer temperature, as
well as the opening of the steam ejector is the main
concern of this operation. These data are thus recorded
periodically, in shorter intervals initially and gradually in
longer periods as the data become more stable. They
represent the critical characteristics of the power plant,
either in the performance of output power, or in the
maximum capacity of the power plant; overshooting the
limits set up by the manufacturer would cause serious

damage to the installation, thus prompting a shutdown of
the power plant automatically by the built-in microproces-
sor.

4. Results and discussion

An analysis of a gas sample taken from the pipeline at
the site of the fuel-cell power plant is composed in Table 1
with the specification recommended by the manufacturer
w x12 . The gas used in this study meets most of the specifi-
cation except for the high percentage of carbon dioxide,
which lowers the heating value of the fuel. The gas does,
however, meet the specification provided by the local gas

Ždistributor Chinese Petroleum Corporation, private com-
.munications who also supplies pipeline gas to the densely

populated Greater Taipei area. Hence, performing experi-
ments on the on-site fuel cell power plant may well assist a
study of the feasibility of applying this new power genera-
tion technology in the heart of Taiwan where power is
needed most.

4.1. Start-up

Fig. 2 shows the temperature of the reformer during the
heat-up process in the start-up operation after the burner is

w xignited. A similar plot supplied by the manufacturer 12
Žusing nominal gas of slightly higher heating value 8900

y3 .kcal m is also presented for the purposes of compari-
son. The temperature rise of the reformer in this study
follows the reference information for the first hour, but
significantly slows down after 6008C is reached. The total
heat-up time for the reformer to reach the designated

Ž .temperature of 7608C 14008F is ;3 h, as against 2.5 h
w xstated in the manual 12 . Hence, initially, the heat-up

process of the reformer is little affected by the heating
value of the fuel gas, but as the reformer reaches higher
temperatures, the effect is more pronounced.

Table 1
Specification and analysis of pipeline gas

Constituent Specification, max. This study

Ž .Methane CH , vol.% 100 81.564
Ž .Ethane C H , vol.% 10 4.632 6
Ž .Propane C H , vol.% 5 1.533 8
Ž .Butanes C H , vol.% 1.25 0.564 10

Ž .Pentanes, hexanes, C H , C H , C q , vol.% 0.5 0.075 12 6 14 6
Ž .Carbon dioxide CO , vol.% 3 11.232

Ž .Oxygen O , vol.% 2.5 y2
Ž .Nitrogen N , vol.% 4.0 0.422

Total sulfur, ppmv 30 maxr6 ave. 3.06
Ž .Ammonia NH , ppmv 1 n.a.4
Ž .Chlorine Cl , ppmw 0.05 n.a.2

Supply pressure, cm aq. 10;36 ;23
y3 Ž .High heating value, kcal m 8720 min 8610

n.a.: Not analyzed.
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Fig. 2. Temperature profile of reformer during start-up.

Fig. 3. Temperature profile of steamrwater separator during start-up.

The temperature of the steamrwater separator during
the start-up process is presented in Fig. 3, in which the
respective reference information from the manufacturer
w x12 is also plotted. The temperature rise of the steamrwater
separator in this study is slightly faster than the reference.
Since the steamrwater separator is mainly heated by the

electric heaters in the thermal-management system, it is
concluded that the temperature rise of the steamrwater
separator during the start-up process in this study is not
affected by the heating value of the fuel.

4.2. Steady-state operation

Table 2 summarizes the operation characteristics of the
fuel cell power plant at different percentages of the rated
capacity under steady-state conditions. The parameters
listed are important indicators of the operation of the fuel
cell power plant and the data represent its ultimate stable
performance at different levels of output power. These
operation characteristics include net and gross output
power, current and voltage of the fuel cell stack, rate of
consumption of natural gas, rate of flow of air in the
combustion chamber of the reformer, temperature of the
reformer as well as the steamrwater separator, degree of
opening of the steam ejector as measured in percentage of
opening of the valve ZT010, the reformer efficiency, and
the energy conversion efficiency of the fuel cell power
plant.

Most parameters increase as the percentage of rated
capacity of the power plant increases, with some excep-
tions such as the voltage of the fuel cell stack which
decreases as the d.c. current increases, as predicted by

w xelectrochemical studies 1 . Since the voltage only drops
slightly as the current increases, however, the product of
voltage and current, which is the total power generated by
the fuel cell, increases as the stack current increases. The
temperature of the steamrwater separator decreases slightly
as the net output power increases, and the opening of the
steam ejector is recorded because this limits the maximum
output power, as explained earlier. Further, although the
opening is only 70% at the net output power of 150 kW, it
will be seen later that this value could be as high as 90%
for a brief period of time during a stepped increase from
the idle mode of operation to the same net output power.
Hence, the maximum output power of the fuel cell power

Table 2
Summary of operation characteristics of the fuel cell power plant under steady-state conditions

Rated capacity, %

Idle 12.5 25 37.5 50 62.5 75

1. Output power, kW
net 1.0 28.6 55.3 74.8 104.2 126.2 154.2
gross 56.8 85.7 104.8 104.9 121.1 141.4 69.0

2. Stack current, A 253.0 391.2 486.5 481.5 565.0 675.1 840.0
3. Stack voltage, V 230.8 222.2 219.2 220.7 217.2 214.2 207.4

3 y14. Fuel consumption, m h 18.8 27.4 33.3 32.7 38.3 46.0 57.4
y15. Burner air flow, kg h 93.6 113.2 138.1 130.7 143.6 170.7 209.1

6. Steamrwater separator temp., 8C 188.2 183.9 181.9 181.7 180.3 179.6 175.5
7. Reformer temperature, 8C 815.4 820.7 824.6 823.2 827.5 846.4 874.2
8. Steam ejector opening, % 22.4 26.3 29.5 29.0 33.4 42.7 70.1
9. Reformer efficiency, % 74.6 79.4 79.4 82.1 80.4 80.0 80.3
10. Electrical efficiency, % 0.7 14.6 22.6 31.5 37.4 37.3 36.79
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plant using pipeline gas in the present study is limited to
150 kW for a normal operation without unscheduled shut-
down initiated by the full opening of the steam ejector.
The reformer efficiency increases slightly as the net output
power increases in the range of the lower half of the rated
capacity, but remains fairly constant after the net output
power of the power plant rises above 100 kW. It should be
noted that most of these parameters are related more
closely to the gross output power in contrast to the com-
monly used parameter of the net output power, because the
gross output power is representative of the true conditions
of the fuel cell stack.

The energy-conversion efficiency of the power plant at
different net output power under steady-state operation in
this study is presented in Fig. 4 in comparison with the

w xreference information furnished by the manufacturer 12 .
The data of the present study using a gas of higher carbon
dioxide content is systematically less than that of the
reference information, as predicted by thermodynamic
studies. The parasitic power of the fuel cell power plant at
different levels of net output power under the steady-state
operation in this study, measured by the difference in gross
and net output power of the power plant, is shown in Fig.
5. The power generated by the fuel cells is largely con-
sumed by the balance of plant at lower output power, until
the net output power of the power plant reaches 100 kW,
after which the parasitic power is stabilized at around 15
kW. On detailed inspection of the distribution of the power
consumed by the different parts of the power plant, it may
be seen in Fig. 5 that a large portion of the power is used
by the electric heaters in the thermal-management system
to keep the temperature of the fuel cell stack at its operat-
ing temperature during low output power. For example, in
the case of idle mode of operation, where there is no
power output and the power generated by the fuel cells is
completely consumed by the power plant itself, three
heaters are used simultaneously and use approximately 43
kW of electricity out of a total 57 kW of parasitic power.
The use of heaters diminishes to about 36 kW in a total 50
kW of parasitic power in when the net output power is 55

Fig. 4. Electrical efficiency of fuel-cell power plant.

Fig. 5. Parasitic power and electric heater consumption of fuel cell power
plant.

kW, and to 14 kW when only one heater is on in the case
of 75 kW net output power during which the parasitic
power is 30 kW. Beyond the net output power of approxi-
mately 100 kW, all four heaters are off because the heat
generated by the exothermic electrochemical reactions in
the fuel cells is able to sustain the operating temperature of
the stack. Hence, the parasitic power of the power plant
when operating above 50% of the rated capacity remains
relatively constant at about 15 to 16 kW. This parasitic
power supports the operations of pumps and blowers trans-
ferring fluids and gases in the fuel cell power plant.

The temperature of the reformer at different levels of
d.c. current generated by the fuel-cell stack under steady-
state operations is shown in Fig. 6. A plot showing the set
point of the reformer temperature at different levels of d.c.

w xcurrent, as furnished by the manufacturer 12 , is also
presented. On increasing the d.c. current of the fuel cell
stack, as in the case of increased total power generated by
the fuel cells, the temperature of the reformer is raised
slightly so that more hydrogen can be produced for the use
of input to the fuel cells as anode gas in high-power
generations.

Fig. 6. Reformer temperature vs. d.c. current.
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4.3. Transient response to a stepped increase in output
power

A critical operation characteristic of the fuel cell power
plant in its transient response to a stepped increase in
output power is the time required for the power plant to
reach the total net output power designated. It is not the
scope of this study, however, to measure this real elapsed
time to the extent in cycles per second, as it would require
more sophisticated instrumentation. The results, as pre-
sented in Fig. 7, show that the net output power of the
power plant reaches the designated value almost instanta-
neously in all three cases after the instruction from the
operator is made. By contrast, the gross output behaves
differently: it takes close to 4 min for the gross output
power to reach its steady-state value at a net output power
of 100 kW, whereas in the case of net output power of 150
kW, the gross output power reaches its steady-state value
almost instantly. As expected, at a net output power of 125

kW, the time taken for the power plant to reach steady-state
in gross output power is between the above two values.
This is reasonable, as the experiment is designed to change
the operation of the power plant from the idle mode under
steady-state conditions to the grid-connected mode of oper-
ation at a designated level of net output power. In Section
4.2, it was found that the parasitic power of the fuel cell
power plant in the idle mode of operation is quite large. By
contrast, the parasitic power of the power plant is reduced
drastically as the net output power rises above 100 kW.
The difference, as seen earlier, is the power used by the
electric heaters in supplying heat to sustain the temperature
of the fuel cell stack. It is known that the heat generated by
the exothermic electrochemical reactions in the fuel cell at

Ž .a lower net output power i.e., 100 kW is less than that at
Ž .a high net output power i.e., 150 kW . Therefore, the

gross output power of the power plant takes longer to
settle to its steady-state value in the case of the lower net
output power, and this time diminishes as the net output

Fig. 7. Transient response of the fuel cell power plant in net and gross output power.
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power increases when the fuel cell power plant is abruptly
changed from its steady idle operation to the grid-con-
nected mode of operation.

As seen earlier, there is a rise in the reformer tempera-
ture from 815 to 8748C when the fuel cell power plant
changes from the idle mode of operation to a net output
power of 150 kW under steady-state conditions. Therefore,
in order to operate this power plant within safety limits,
close attention should be given to the transient response of
the reformer temperature during a stepped increase in
output power. The results are presented in Fig. 8. On a
stepped change from a steady idle mode of operation to a
low level of net output power, e.g., 100 kW, the tempera-
ture of the reformer overshoots the target value and then
recedes. After a few damping cycles, it approaches a
steady-state value within a comparatively short time of 30
min. In the case of stepped changes from a steady idle
mode of operation to higher net output power such as 125
kW and 150 kW, the rise in reformer temperature is more
complicated. Nevertheless, the time required for the re-
former to reach its steady-state operating temperature is
approximately the same as before, viz., 30 min. The
control logic for the rate of increasing the reformer temper-
ature under this operation condition is not available from
the manufacturer. It can only be suggested that limiting the
rate of increase of the reformer temperature certainly
protects the structure of the reformer, which is important to
the operation of the fuel cell power plant.

As mentioned above, the other concern over the opera-
tion of the fuel cell power plant in its transient response to
a stepped increase in net output power from the steady idle

mode of operation is the avoidance of an unscheduled
shutdown due to the steam ejector becoming fully opened.
Fig. 9 shows the response in the opening of the steam
ejector to the command in changing the power plant from
a steady idle mode to a grid-connected mode of operation
at a net output power of 100, 125 and 150 kW, respec-
tively. The data show that the steam ejector opens more
than the steady-state value initially at lower net power
output and then returns to this value in a relatively short
time. At a higher output level of 150 kW; however, the
steam ejector first opens to the steady-state value for the
first 7 to 8 min and then opens much wider to an almost
90% opening for a brief period of time and then closes
back to the steady-state value. The experiment at 125 kW
shows a combination of the two scenarios mentioned
above. Again, it is not the aim of the present study to
investigate the control logic designed by the manufacturer.
The results prove, however, that because of the full open-
ing of the steam ejector, the power plant using the pipeline
gas in this study is able to perform a sudden increase from
an idle mode to a grid-connected mode of operation at a
net output power of 150 kW without shutting down the
system.

From a comparison of the results of the operation of the
fuel cell power plant in its transient response to a stepped
increase in output power, as shown in Figs. 7–9, it is
found that the electric power output reaches its designated
value much faster than the corresponding chemical reac-
tions that support the change to be stabilized. It takes
seconds for the power plant to send out the designated

Ž .value of output power Fig. 7 , whereas it takes almost 30

Fig. 8. Transient response of fuel cell power plant in terms of reformer temperature.
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Fig. 9. Transient response of fuel cell power plant in terms of opening of valve ZT010.

Ž .min for the reformer to be steady Fig. 8 and about the
same time is taken for the opening of the steam ejector to

Ž .reach its steady-state value Fig. 9 . This indicates of the
stabilized chemical reactions in the fuel-processing section.

5. Conclusions

From experiments performed on using natural gas with
excess carbon dioxide in the start-up and steady-state
operations, as well as the transient response to a stepped
increase in output power of an on-site fuel cell power
plant, the following four major conclusions can be drawn.

Ž .i The use of pipeline gas with an excess carbon
dioxide content on the operation of an on-site fuel cell
power plant extends the start-up time, lowers the energy
conversion efficiency and reduces the maximum output
power.

Ž .ii In operating an on-site fuel cell power plant, it is
crucial to monitor the opening of the steam ejector, as it
may cause unscheduled shutdown of the power plant. In
the present studies, when using fuels of marginal heating
value, the rate of increase of output power should be
limited to avoid automatic shutdown of the power plant
due to full opening of the steam ejector, especially when
the net output power is close to the rated capacity of 200
kW. In such cases, the opening of the steam ejector
corresponding to the similar levels of the output power
under steady-state conditions can be used to determine the
rate of increase of the net output power.

Ž .iii For a stepped increase in output power, the time
needed for the power plant to generate the net output
power at a designated level is much shorter than that
required for the chemical reactions to supply the necessary
reactants for electrochemical power generation.

Ž .iv The pipeline gas supplying to the Greater Taipei
area in Taiwan can be used to operate on-site fuel cell
power plants similar to the one studied here, but at a
reduced net output power.
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