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1 kWe cell stack:

- 70 cells in series

- 120 mm diamEIer"

- Area/cell: 100 cm”

- 950°C operating lemperature
- Thermally self sustaining

Reformer:

- Steam reformer

~ Thermally integrated
into exhaust gas stream

Burner:

- Production of extra
heat {max. 10 kW)

- Connection to conventional
heating system

v
(not indicated. inverter,
cantrol units)
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Aviation Fuel
Natural Gas

Coal
Hydrogen
/ Ammosis
~,

Butyric Acid H: + CO

=
<
Landfill Gas
Methanol

Biomass

Ethanol Acetic Acid
(Bio-ethanol)

Butanol Formic Acid
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SOFC Stack
Heat
Butane Inegrated H:+ CO
and Air T Irl_t.“r‘.:l] Anode :; CO: + H20 + Power + Heal
Reformer
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ELECTRICAL OUTPUT:
SOFC Power Output: S kW / 5 KVA [10 KW / 10 KVA] oo
Output Voltage. 208/120 VAC three-phase four-wire Ez‘;‘:;:*e
Overload (3 sec): 21 amps [42 amps] Current
Start-up Time: Warm-up 10 - 30 min before power available Collector
Output breaker: Triple pole

Current flow

FUEL INPUT:

Fuel Types: natural gas, methane (standard)

propane, ethanol, methanol, and hydrogen (optional)
Delivery pressure: 7-14 inches water column (0.23-0.50 psig)
Inlet Pipe Size: Standard 3/4-inch supply

CO-GENERATION: (CP-SOFC-10000 only)
Waste Heat Recovery: ~4,000Watts

PHYSICAL:

Size: 68_Lx30_W x 00_H [08_L x 36_W x 72_H]
Weight: < 1,200 Ibs [< 1,500 lbs]

Enclosure: NEMA 3R, Forest Green, removable locking doors
Mounting: Ground mounted, concrete or composite pad

ENVIRONMENTAL:

Operating Temperature: -20 through 120 degF

Altitude: 0-3000 ft (operating), 0-40,000 ft (non-operating)
Acoustical Noise: 65 dBA at 3 ft
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A. MSRI state-of-the-art stack architecture;
B. 40-cell 2” x 2” stack, active area 32 cm? per cell;

C. 40-cell 4” x 4” stack, active area 92 cm? per cell.
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Part of a I00EW SOFC combined heat and power unit. The fuel cell stack is the
central unit. The fuel proces i is o the small <kid at the front, and the thermal manape.
mentelectricalfeoatrol system is at the rear, The unit is about 8.5 x 3 % 3m. (Diagram reproduced
by kind permission of Siemens Westinghoase Pewer Corpoaation.)
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1. A flat ceramic tube enters the prototype, automated production line where it goes through various checks prior to printing.

2.The tube goes through various steps including multiple screen printing cycles, where the cells are printed onto the tubes, this is followed by
drying and sintering, where a powder coalesces into a solid. 2.The result is a printed ceramic flat-tube with numerous fuel cells on each
side of the tube. 4. Using Rolls-Royce system integration expertise, these tubes are first combined into bundles, then into strips and ultimately
into fuel cell stacks with enough electricity to power multiple homes. 5. These stacks combined with a few unique, specially designed system
components to form a stack assembly. 6. The stack assembly is placed inside a pressure vessel to form a generator module.

7.Four generator modules combine on a skid with fuel processing, turbomachinery and power electronics to form a one megawatt power plant.
8.The turbomachinery creates heat and pressure for the system.
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Performance

Electrical output

1 kW

Thermal output

~250W — exhaust stream cooled to 60°C

~B50W — exhaust stream cooled to 20°C

Electrical efficiency

Greater than 50%

System efficiency

60 to 85% depending on exhaust temp.

Emissions

From fuel cell CO («10ppm) & H2O (vapour)
Wirtually no NOx or 5Ox emissions

Exhaust flow 90 to 130 standard litres per min

Exhaust Temp.

155 °C (Dew point 54°C)

Connections

Grid connection

Parallel 220 - 240 VAC

(Integrated by customer)

50Hz single phase

MNatural gas

Supply pressure 0.9kPa to 3.0kPa

{5as desulphunsation integrated by appliance manufacturer)

Water

Supply Pressure 400kPa

(Water treatrment integrated by appliance manufacturer)

Operating Conditions

Sizet LxWxH

400 x 420 x 900 mm

{excl ancillary equipment & high temperature insulation)

Ambient temp.

+2 °C to +40 °C

Inlet Air temp. -20°Cto +40°C
Location Indoors
Start-up time 13 hours
55kg +
Mass (exel ancillary equipment & high ternperature insulation)
Integration

Waste heat recovery

By appliance manufacturer

Gas desulphurisation

By appliance manufacturer

Water treatment

By appliance manufacturer

Flue

By appliance manufacturer

99-09-12 FA

1 - Fuel cell stack
2 — Hot Balance of Plant

(integrated, steam generator, burner, fuel & air heat exchanger)
3— Al delivery system & air filter
4 Water delivery system
5 — High temperature insulation
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Abstract:

The widespread use of hydrogen as an energy source can help concerns about energy security,
global climate change and air quality. Such a fuel could be a cleaner and more efficient compared
to fossil fuels such as gasoline, diesel and so on. Hydrogen can be produced using different
technologies and can also be used with storage in renewable technologies in different seasons.
Using this fuel in combustion processes and fuel cells, a wide range of energy services such as
lighting, transportation, heating, cooling and cooking can be provided.

The purpose of writing standard regulations for fuel cells is to use fuel cell technology with
stationary application in buildings, enclosures and open spaces. To this target, regulations,
standards and information of processes have been reviewed and the relevant codes and standards
provided to design, approve, install, operate and maintenance fuel cell technology. It is used as a
tool to determine the codes and standards applicable to installation of stationary fuel cell systems
that supply residential and commercial buildings and may also generate additional heat that can

provide other necessary energy such as building heating.
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