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1. Disclaimer

This report was prepared as an account of work sponsored by an agency of the
United Sates Government. Neither the Unites States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state
or reflect those of the United States Government or any agency thereof.
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2. Abstract

AEB Alternativ-Energie Birsfelden AG is supplying several buildings, a public indoor
pool and one school with electrical and thermal energy from 5 Kaplan turbines, 2
heat- pumps and conventional boilers. The hating station is called “Heizzentrale
Kirchmatt”. The total heat demand is 3.8 MW peak and 5.5 GWh/a. The Department
of Energy of Switzerland supports this project. The FC combined heat and power
plant is part of this project with priority in supply of domestic heat. The ONSI PC25C
was installed by AEB on a school yard in Birsfelden a district of the Swiss city Basel.
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4. Introduction

A grant was applied for from the DOE in the United States of America for the ONSI
Fuel Cell Project “AEB Birsfelden/Basel”, in order to make progress in fuel cell
technology in Switzerland. This project is the second fuel cell project in the size of 200
kW electrical power in Switzerland. In opposition to the first unit which was installed
for showing the function, the second unit was installed for commercial use only.
Through the very low emission rates of the FC combined heat and power plant PC25,
which meet with the local regulations, the advantages to the environment are
obvious. In the future, the fuel cells are to be supplied with hydrogen. This vision of a
Hydrogen infrastructure for the future, however, lies a long way ahead.

5. Executive Summary

The aim of the project is characterised by the wish of the community of the Canton
of Baselland, to install a decentral Cogeneration Unit and become independent
from supplies through district heating by this. The ONSI PC25C flexibly combines the
requirements in one piece of equipment. Compared with the conventional gas
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motor-CHP, the production of heat and electricity is brought about in a more
environmentally friendly way.

Before the decision for the fuel cell system was made, studies were carried out,
which show the difference between the fuel cell and a conventional CHP. The
actual aim, the provision of hydrogen, could not be realised. That is why the
intermediate step of natural gas was chosen.
A ONSI PC25 A was already installed and operated by SIG Services Industriels in
Geneva in 1993. The positive experiences from this project were the incentive to
drive forward fuel cell technology in Switzerland. There was 90 % availability for the
whole period of operation, which is considerable for a pilot plant.
Ideas for optimisation, converted into the follow-up model, PC25 C, have run from
this plant to the American manufacturer ONSI.

A market study in the field of fuel cells showed, that the ONSI PC25 C is the only
commercially available fuel cell model in 1999. The sizes of 200 kW electrically and
220 kW thermally is ample for the provision of a constant load to supply the school
and the indoor pool joined to it.
With this information and the confirmation of a further grant on the part of the Swiss
Federal Energy Office, the decision was made in favour of the PC25 C.

Only five months passed between the signing of the contract with ONSI and the
delivery of the plant in Switzerland. After the installation the plant was then put into
operation at the beginning of August 2000. The events during installation and the
following operation, are presented more closely in chapter 7 „Results and
Discussions“.

AEB and the local supporter EBM (Elektra Bierseck Münchenstein) are satisfied with
the operation of the plant up to now. After a few initial difficulties, the plant is now
running as good as expected, and is showing, as a whole, a clearly positive
development in comparison to the previous model.

The maintenance facilities were improved. The lifetime of the single components
have been increased very much. Exchange of defect parts during maintenance
and repair can be carried out much easier and with that more cheaply, which
affects the costs of operation in comparison to PC25A positive.

6. Experimental

Due to the fact that the PC25C meanwhile is a standard fuel cell power plant. No
special examinations are made at the power plant in Basel. A lot of tests an
experiments were made at the PC25 A and C models installed in Europe during the
last years. But the purpose of the PC25C installed in Basel was to perform a normal
operation and show that there is no difference to a standard CHP driven e.g. by a
gas-motor.
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7. Results and Discussion

Installation

After the delivery of the unit on site it took about six months to finish the installation of
the plant. The discussions with the approval authorities, the local gas and electricity
suppliers as well as the negotiation of AEB with their subcontractors needed more
time than expected. Meanwhile the installation was completed AEB took the
decision for the operator on site.

Visualization and training

After EBM became the definite operating authority in June 2000, the deadlines for
training had to be co-ordinated. Furthermore, AEB decided during training, to also
have the visualisation system, FC Control, installed. This system makes the use of
PC25C easier for the European, as SI units are used. Additional to that the Fuel Cell
Process and the operation parameters are shown in a flow sheet in a simplified way
and not in a complex tabular from like the original ONSI software. The System was
developed especially for the PC25C and is likewise used in many other applications
in Europe. The delivery of the software took up an additional month. After the PC25 C
was successfully installed and put into operation, the plant was passed on to AEB on
August, 3rd 2000 with the onsite acceptance test.

Reliability

Availability stands at 79.2% for the whole operational period from August 2000 until
December 2001. After initial difficulties, operational certainty (reliability) has clearly
improved in the year 2001. This can be recognised by the reduced times of power
failure. Along with foresighted provision of replacement parts, the growing
experience on the part of the operating authority is a positive factor for reliability.

Operating experiences
The plant produces heat for the community’s school building. There is also a
swimming pool located on the site of the school, which is very positive for the reverse
running temperatures of the PC25C. Should the heat not be taken from this, the
possibility exists, of feeding into the nearby heating network.
At the present moment, over one year of time in operation has passed. The Mean
Time Between Failure (MTBF) is 1179 hours.
Eight shutdowns occurred in the time starting from onsite acceptance test to
December 12th 2001.
All problems results in the periphery of Power Plant and not in the Fuel Cell Stack itself.
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Shut-
down

Date Duration
(h)

Failure

1 17.08.00 192 defective temperature sensor in cooling cycle FC
(additional installed external equipment, not FC PP)

2 20.09.00 480 defective temperature sensor in cooling cycle FC
(additional installed external equipment, not FC PP)

3 10.10.00 1008 Circuit breaker failure
4 07.03.01 0 Circuit breaker failure
5 01.05.01 72 Manual Shutdown, gaps in the reformer insulation
6 13.05.01 24 temperature sensor defective in the feed water line

of cooling cycle FC
7 16.05.01 24 Loosen connector on the inverter
8 19.09.01 672 Defective Power Supply
Table of shutdowns

The Duration of the failure took a long time depending on the spare parts that was
needed. They had to be sent from the states, sometimes from the stock in Germany.

The largest amount of time lost, results from the detection of faults. The description of
internal faults was not adequately documented in most cases, and the cause of the
fault could only be found through the “trial and error”-principle and after having
consulted the manufacturer. From the above table we can see, that the most
frequently occurring faults can be traced back to defect electrical components.
Improvements in the quality of suppliers are clearly necessary here.

Electrical and Thermal Output

The below-mentioned data about the PC25 C in Basel were recorded in the period
from the 1st October 2000 to September, 30th 2001. During this time the plant was in
operation for 6630 hours. The result of this is 75% availability.

The Energy statistics (Appendix 1) from the measurements shows the following results:
- Gas consumption: 2.811.319 kWh
- Power production: 1.121.020 kWh
- Heat production total: 1.535.797 kWh

- Usefull heat (thermal output): 798.059 kWh
- Loss by cooling module: 737.738 kWh

- Electrical efficiency: 39,9 %
- Thermal efficiency: 28,4 %
- Overall Efficiency: 68,3 %

The blue coloured values are the gas consumption and the operating hours. In order
to get the exact value the hours had to be accumulated. The gas consumption was
used to calculate the efficiency.
The pink values show the produced electrical power and the electrical efficiency of
the Fuel Cell System.
The heat loss caused by the cooling module are described by its green colour. This
value is nearly equal to thermal output. This causes the bad thermal efficiency and
therefore the bad satisfaction on customers side. The useful heat (thermal output) is
coloured red as well as the thermal efficiency and the overall efficiency.
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The brown coloured value shows the total produced heat which consists of the
thermal output and the heat loss by the cooling module. The total thermal output of
the unit is much better than the useful heat, caused by the hydraulic problems.

Results

The results show that the electrical efficiency corresponds to expectations. In the
case of thermal production there is an existing potential for optimisation. Due to the
higher recovery temperature than given for the planning it is not possible to reach
the optimum yet. For the future it is planned to reconstruct the connecting lines to
the nearby heating network for reaching an overall efficiency of 80 – 85 %.

The thermal output during the measured period from October 2000 to September
2001 was about 798.059 kWh. That’s less than expected. The statistic in Appendix 1
shows all measurements of the complete heating station including the oil and the
gas vessel. The interesting values for the Fuel Cell System are coloured. In the
columns are the different measurements, the lines are dated from October 2000 to
September 2001.

With the assumed use of the whole of the heat produced, the theoretical overall
efficiency would be 94 %. Due to the differing levels, it is not practically possible to
reach this.
AEB shows itself, however, to be satisfied with the results. The plant can be
maintained by personnel on site should any small disruptions occur. It is only
necessary to bring in specialists, who master the whole technology of the site in
detail, in the case of a particularly difficult troubleshooting. The visualisation system
makes it possible to operate the plant from a main standpoint, where for example,
power can be adjusted. The conditions of operation can be observed via this, and
possible changes or disruptions can be avoided in advance. The personnel already
at hand is now enabled by training to eliminate possible disruptions that may arise
over the telephone with a contracted service partner. It is possible to save costs
through this.

The Swiss Authority for Licensing relieved the plant of its safety installations.
With the installation of an additional safety chain, postulated by Swiss Authority,
which for example is triggered off when temperatures too high for processing are
reached, to avoid the overheating, and which switches off the plant, sufficient safety
for the operation of the plant according to European standards could be obtained.
These and other installations, are criteria for safety, that are compulsory within
Europe. The AEB plant has not received CE certification, but it obtained a special
licensing for operation.

Cost benefit

An original cost benefit analysis showed a positive result for the unit based on
assumed efficiency. This result was mainly due to the lowest investment cost which
were cut by the grants of the DOE and the Swiss Federal Energy Office. Caused by
the thermal problems of the unit the actual efficiency is lower than the assumed
which resulted in conjunction with the costs for the maintenance and operation in
an uneconomical project for AEB. The main goals for the future are the increase of
the thermal efficency and the reduction of the cost for operation, maintenance,
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service and administration. If that could be achied the owner will get a little profit
from the plant.
A profit and loss account given by thr owner of the plant shows the results for the first
year of operation from 1st of October 2000 to the 30th of September 2001.

Picture of the PC25 C Unit in Basel

8. Conclusion

The Operation of the PC25 C in Basel was the second step in testing a fuel cell power
plant in normal operation in Switzerland. The unit showed a good development
compared to the first PC25 A operated in Geneve years before. The unit itself was
installed in spring 2000 and put in operation in Summer 2000.
Operation of the PC25C and the good experience that has been had with this plant,
has smoothed the way for further fuel cell projects in Switzerland.

9. References

“Die Zukunft geht weiter“, Brochure from Sanitär & Heizungsreport, Krammer Verlag
Düsseldorf, Februar 2001

10. Appendices

Appendix 1: Energy Statistic of the Heating Station Kirchmatt
Appendix 2: Cost Benefit Analysis Numbers



9

11. Certification

The HGC Hamburg Gas Consult GmbH certifies that it has complied in all respects
with the grant under DE-FG26-99FT40671, Climate Change Fuel Cell Program and
that the related efforts required by that grant are now fully complete including
twelve months of operation and submission of the Final Report herein supplied. Such
report is in compliance with Paragraph 4 of DoE’s Special Terms and Conditions for
Research Projects Grants for Climate Change Fuel Cell Program.
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Month Energy supply Energy Production
Heating oil Gas Power from grid Total central boiler Fuel Cell CHP Unit Total

calc
factor

9,996 calc
factor

9,55 HT NT Total Heat Power useful
heat

heat
cooler

heat tot. without
cooler

Liter kWh m3 kWh kWh kWh kWh  kWh KWh kWh kWh kWh kWh kWh
Oktober 44.336 443.183 15 143 5.945 5.805 11.750 455.076 414.542 0 0 987 987 414.542
November 68.000 679.728 10.919 104.276 4.795 4.570 9.365 793.369 651.766 42.925 35.190 25.709 60.899 729.881
Dezember 88.033 879.978 43.347 413.964 0 0 0 1.293.942 776.050 168.665 132.560 93.425 225.985 1.077.275
January 92.753 927.159 20.338 194.228 20 0 20 1.121.407 829.373 76.300 45.046 65.902 110.948 950.719
February 72.884 728.548 20.461 195.403 35 0 35 923.986 674.098 80.920 52.914 55.754 108.668 807.932
March 75.275 752.449 29.959 286.108 40 0 40 1.038.597 680.897 116.950 79.275 60.039 139.314 877.122
April 47.300 472.811 23.398 223.451 150 50 200 696.462 456.862 91.010 63.683 63.000 126.683 611.555
May 16.000 159.936 27.848 265.948 1.780 955 2.735 428.619 153.841 102.835 72.526 80.000 152.526 329.202
June 12.000 119.952 25.771 246.113 560 165 725 366.790 67.258 96.730 60.488 71.096 131.584 224.476
July 1.516 15.154 36.434 347.945 0 0 0 363.099 14.153 136.320 91.437 100.616 192.053 241.910
August 2.400 23.990 31.298 298.896 0 0 0 322.886 22.660 117.910 88.089 73.319 161.408 228.659
September 21.300 212.915 24.591 234.844 1.650 1.565 3.215 450.974 207.307 90.455 76.851 47.891 124.742 374.613
Total 541.797 5.415.803 294.379 2.811.319 14.975 13.110 28.085 8.255.207 4.948.807 1.121.020 798.059 737.738 1.535.797 6.867.886

Month Energy consumption Energieabgabe operating hours Temperature
Difference

Efficiencies

power cooling
loss

power heat Fuel Cell CHP unit central
boiler

FC CHP central boiler Fuel Cell CHP unit without
cooler

FC CHP to grid to network Month cumulated useful heat η th η el η th usef. Η el+th
usef.

Η Total

factor 1,1631
KWh KWh KWh KWh startvalue 1026 ° C ° C

Oktober 11.750 987 0 414.542 10 1.036 #DIV/0! 0,0 °C 93,5% 0,0% 0,0% 0,0% 91,1%
November 10.535 25.709 41.755 686.956 213 1.249 #DIV/0! 14,1 °C 95,9% 41,2% 33,7% 74,9% 92,0%
Dezember 31.995 93.425 136.670 908.610 837 2.086 #DIV/0! 16,8 °C 88,2% 40,7% 32,0% 72,8% 83,3%
Januar -465 65.902 76.785 874.419 681 2.767 #DIV/0! 7,1 °C 89,5% 39,3% 23,2% 62,5% 84,8%
Februar 7.850 55.754 73.105 727.012 644 3.411 #DIV/0! 7,4 °C 92,5% 41,4% 27,1% 68,5% 87,4%
März 29.880 60.039 87.110 760.172 861 4.272 #DIV/0! 8,7 °C 90,5% 40,9% 27,7% 68,6% 84,5%
April -5.110 63.000 96.320 520.545 601 4.873 17,8 °C 10,9 °C 96,6% 40,7% 28,5% 69,2% 87,8%
Mai 10.325 80.000 95.245 226.367 622 5.495 6,7 °C 10,7 °C 96,2% 38,7% 27,3% 65,9% 76,8%
Juni 8.070 71.096 89.385 127.746 631 6.126 3,6 °C 8,7 °C 56,1% 39,3% 24,6% 63,9% 61,2%
Juli 5.150 100.616 131.170 105.590 793 6.919 2,0 °C 15,3 °C 93,4% 39,2% 26,3% 65,5% 66,6%
August 4.860 73.319 113.050 110.749 737 7.656 2,7 °C 13,2 °C 94,5% 39,4% 29,5% 68,9% 70,8%
September 8.075 47.891 85.595 284.158 480 8.136 11,2 °C 14,7 °C 97,4% 38,5% 32,7% 71,2% 83,1%
Total 122.915 737.738 1.026.190 5.746.866 7110,00 91,4% 39,9% 28,4% 68,3% 83,2%

* Startvalue 1.10.00 Calc. ** defective heat meter, caculated.
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Cost Benefit Analysis Numbers for PC25 C Fuel Cell Power Plant “AEB Birsfelden/Basel”

Period: 1st of October 2000 – 30th of September 2001 (first year of operation)

                  Capital Investment (complete project incl. PC25C, Planning, Installation, startup etc.)

Total (including DoE funding) 1.200.000,00 €
Total (includíng DoE and Swiss government funding) 800.000,00 €

Profit and Loss Account Costs /
Euro

Revenues /
Euro

Revenues

Electrical Energy 1.121.020 KWh 77.033,00 €
Heat 798.059 KWh 57.895,00 €

Costs

Natural Gas 2.811.319 KWh 79.567,00 €
Maintenance &
Service

work, materials 20.000,00 €

Service Support 24h on call service,
troublshooting support etc.

13.333,00 €

Plant operation Weekly checks etc. 6.667,00 €
Administration 3.333,00 €
Depreciation 80.080,00 €

Balance -68.052,00 € Euro

All values given by "Beratung Thoma & Renz", Basel Switzerland


