PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6.

HO1M 8/24 Al

(11) International Publication Number:

(43) International Publication Date:

WO 98/22991

28 May 1998 (28.05.98)

(21) International Application Number: PCT/NO97/00303

(22) International Filing Date: 14 November 1997 (14.11.97)

(30) Priority Data:

964898 NO

18 November 1996 (18.11.96)

(71) Applicant (for all designated States except US): DEN NORSKE
STATS OLJESELSKAP A.S [NO/NOJ;, N-4035 Stavanger
(NO).

(72) Inventors; and

(75) Inventors/Applicants (for US only): KL@GV, Kére [NO/NOJ,
Magasinvn. 9, N-7028 Trondheim (NO). SUNDAL, Per
[NO/NOJ; Garvergt. 7, N-5037 Solheimsviken (NO).

(74) Agent: THRANE, Dag; ABC-Patent, Siviling. Rolf Chr. B.
Larsen a.s, Brynsveien 5, N-0667 Oslo (NO).

(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE,
GH, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK,
LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO,
NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR,
TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO patent (GH,
KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL,
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN,
ML, MR, NE, SN, TD, TG).

Published
With international search report.
In English translation (filed in Norwegian).

(54) Title: FUELL CELL ARRANGEMENT

I

e e T2

10 l/\l \ \\\\\\\\ —
N\ = ) /-‘1 7

>\\ J <<é 8

2 ',7/,// \' 3 /
| '/\\§7 ?\6
. i =

I N ;S

(57) Abstract

Electrochemical installation for exothermic processes comprising a number of reactor modules, especially fuel cells, surrounded by
heat insulating wall, top and bottom parts, as well as at least one support unit for treating or affecting of gas during operation of the
installation, for example a gas-heat exchanger, and with conducting devices for supplying and outlet of gases to/from the reactor modules.
The reactor modules are positioned inside the wall parts for providing a central boom being essentially surrounded by the reactor modules,

and at least one support unit being positioned in said central room.
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FUELL CELL ARRANGEMENT

The present invention relates to an electrochemical
installation for exothermic processes comprising a number of
reactor modules, especially fuel cells, surrounded by heat
insulating wall, top and bottom parts, and with conductor
devices for supplying and draining of gases to/from the
reactor modules, as well as at least one support unit for
treating or affecting the gas during the operation of the
installation.

Electrochemical techniques are used for a number of
purposes, for direct production of electrical energy from
chemical energy, and for different precisely controlled
chemical processes. Because of their high efficiency and
easy handling this type of installations are used in an
increasing degree.

Many different embodiments of such electrochemical
installations are known. In Norwegian patent 175,712 a
plurality of different types are mentioned, especially for
converting methane or natural gas to synthesis gas in
reactors being provided with membranes leading negative ions
of oxygen, where air is provided from one side of the
membrane material and causes a transportation of oxygen
anions through the material, and where natural is provided
on the other side of the membrane material and brought to
react with the oxygen. 1In addition to the production of
synthesis gases it is mentioned that electrical power may
also be drawn from such processes.

In EP patent application 398,111 an electrochemical
high temperature plant is described for converting chemical
energy directly into electrical energy. The plant has a
cylindrical form where methane gas is supplied into the
centre of and thereafter through 4 fuel cells where it
reacts with supplied oxygen producing among other things
water and carbon dioxide, which is pressed outward and
brought out to the outside of the fuel cells. Part of the
exhaust gases is brought back and through the fuel cells
again, in order to, through a catalyst, pretreat the
supplied gases by performing the endothermic reactions

CH,+CO,~2C0+2H, and CH,+H,0—CO+3H,,
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so that the utilization factor in the fuel cells is
increased. i

It is an object of the present invention to provide an
electrochemical installation having a high efficiency, and
in addition being compact.

The electrochemical processes are sensitive to
temperature. To obtain a stable process in an installation
comprising more than one reactor modules it is therefore
suitable to obtain as evenly distributed, and relatively
high, temperature as possible for each of the fuel cells.

It is therefore also an object of this invention to provide
an installation which in a simple way obtains a homogeneous
distribution of the temperature in the reactor.

To generate electrical currents from the supplied gases
high temperatures are often used, and the installation must,
at least when starting, be supplied with heat. 1In addition
it is advantageous if the supplied gases are heated before
they are lead into the fuel cells. The combustion process
is in itself an exothermic reaction, so that the process,
when it has started, keeps the high temperature. The gases
being lead out of the installation will, of the same reason,
hold a high temperature. It is an object of this invention
to exploit this excess heat in an effective way.

The abovementioned objects are obtained using an
electrochemical installation as described above, and
characterized as described in claim 1.

The invention will be described below with reference to
the accompanying drawings.

Figure 1 shows a vertical section of an electrochemical
installation according to the invention.

Figure 2 shows a horizontal section of the same
installation as is shown in figure 1.

Figure 3 shows a detail of the installationm.

The drawings show an embodiment of an electrochemical
installation 1 comprising reactor modules 2, surrounding a
central room. In the central room two support units 6,7 are
provided, which in this case constitutes an afterburner 7
and a heat exchanger 6. Around the reactor modules
insulating wall, top and bottom parts 3 are positioned. The
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installation also comprises conductors for supplying of fuel
and for outlet of exhaust gases.

The reactor modules may be of different types, for
different chemical processes, but in the shown drawings it
is assumed that the are adapted to convert chemical energy
into electrical energy. Such fuel cells are often mounted
in stacks 2. The gases, for example natural gas or methane
and air, is lead into the fuel cells through different pipes
and react with each other in the fuel cells to, in a per se
known way, be converted to electrical current and heat.

To obtain an as even temperature distribution as
pdssible the reactor modules 2 are preferably positioned
such that they surround a central room. Preferably they
are symmetrically positioned, and preferably with rotatiomal
symmetry, in relation to the central axis. The distribution
may vary with the number of reactor modules and the total
size of the installation, but the chosen distribution is
preferably the one being most compact, and at the same time
giving room for the support units 6,7 in the central room.

The number of reactor modules will vary depending on
the size and use of the installation, but considering the
desired geometry of the central room and the support units
to be positioned inside it, the smallest suitable number is
four. It is, however, possible, and within the scope of
this invention, to reduce the number of reactor modules to
three. The latter will, however, normally not be optimal,
because the size of the central room becomes to small, or
the distance between the reactor modules to large, so that
thermic convection arises in the reactor, with a resulting
cooling effect. This may possibly be compensated for using
dividing walls.

Of practical reasons, such as the possibilities for
disassembling each reactor module, they will not be
positioned close together. This will give a certain
circulation inside the reactor, even if the reactor walls
are insulated. For this reason the positions reactor
modules are adapted to provide an opening area between them
being less than 50%, and preferably 30%, of the area of the
part of the module facing toward the central room.
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The shape of the central room per se into which the
support unit (s) is to be placed may preferably be defined in
the following way. A line is drawn from the geometrical
centre of the, reactor module(s) being positioned closest to
te centre, to the geometrical centre of the nearest reactor
module in the same horizontal plane, and then further from
there around the central room back to the first module.

According to the embodiment shown in figures 1 and 2
the warm exhaust gases are conducted out of the fuel cells
to an afterburner 7 which may be provided with its own
supply of fuel 10. The afterburner 7 ensures that the
combustion of the supplied gases is complete, and thus also
an additional heating of the exhaust gases.

The exhaust gases are lead further to a heat exchanger
6, where the warm exhaust gases interact with the gases
supplied to the installation in order to increase their
temperature. This way the need for other warming of the
installation at so called high temperature processes is
reduced. The heat exchangers may be of any known kind being
suitable for placing in the installation.

The reactor modules are surrounded by insulating wall,
top and bottom parts 3 hindering loss of heat to the
environment and thus securing control over the temperature
in the process. To minimize the inner volume being defined
by these parts 3 they are positioned as close to the reactor
modules as possible. This gives an octagonal cross section
in the drawings. A circular cross section may also be
contemplated, but will usually not be suitable because of
the shapes of the other elements in the installation, and
the requirement for the installation to be compact.

To further increase the control over the installation
the wall, top and bottom parts 3 may be provided with
electrical heating elements 8. These may be useful when
starting high temperature processes.

The insulating wall, top and bottom parts 3 are in the
drawings surrounded by a frame 9, which may comprise
ventilation and pipe system for supply and removal of gases.

Figure 3 shows in detail how the fuel cells 2, the heat
exchanger 6 and possibly the afterburner 7 are coupled in an
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installation according to the invention, being used to
produce electrical energy through burning of gases.

Fuel and air are conducted in through the pipes, 4A and
4B, respectively, to the heat exchanger, which comprises a
circuit for heating the fuel 6A, and comprises a circuit for
heating air 6B. From the heat exchanger the heated gases
are conducted through separate conductors 11,12 to the fuel
cell 2. The fuel cell 2 is provided electrical outlet and
inlet conductors 15,16. From the fuel cells the exhaust
gases from the air and fuel supply through separate pipes
13,14 to a combustion chamber 7, in which the remaining fuel
is burnt. The afterburner 7 may possibly be provided with
extra fuel through a channel 10 to give a combustion being
as efficient as possible. The exhaust gases are then
conducted through the heat exchanger 6A,6B for heating of
the incoming gases, and is thereafter conducted out of the
plant through the exhaust pipe 5.

As indicated in the figures 1 and 2 several fuel cells
may be connected to each heat exchanger and possible
afterburner.

In addition to the ones shown in the drawings the
installation may comprise other support units. For example
it may comprise a device for partial recirculation of the
exhaust gases, or devices for pre-treating (pre-

reformatting) of the provided gases.
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Claims
1. Electrochemical installation for exothermic processes
comprising a number of reactor modules, especially fuel
cells, surrounded by heat insulating wall, top and bottom
parts, as well as at least one support unit for treating or
affecting of gas during operation of the installation, for
example a gas-heat exchanger, and with conducting devices
for supplying and outlet of gases to/from the reactor

modules,
characterizedin that the reactor modules are

positioned inside the wall parts for providing a central
room being essentially surrounded by the reactor modules,

and
at least one support unit being positioned in said

central room.

2. Electrochemical installation according to claim 1,
characterizedin that the reactor modules

include racks of fuel cells.

3. Electrochemical installation according to claim 1 or 2,
charactezxrizedin that the installation includes

at least four reactor modules.

4. Electrochemical installation according to claim 1, 2 or
3,

characterizedin that the reactor modules are
positioned essentially symmetrically in relation to the
vertical axis of the room.

5. Electrochemical installation according to claim 4,
characterizedin that the reactor modules are
positioned with a polygonal distribution around the axis of
the room, especially a regular polygon.
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6. Electrochemical installation according to any one of
the preceding claims,

characterizedin that the reactor modules are
positioned around the central room with a distance between
them and thus defining an opening between the edges of the
reactor modules, and that each of the openings have an area
being less than 50%, and preferably less than 30%, of the
area of the part of each reactor module facing the central
room.

7. Electrochemical installation according to any one of
the preceding claims,

characterizedin that the support units being
positioned completely inside the central room are positioned
inside lines which may be drawn between the geometrical
centre point for a reactor module bordering to the central
room and the, in the horizontal plane, closest fuel cell

also bordering to the central room.

8. Electrochemical installation according to any one of
the preceding claims,

characterizedin that the wall parts of the
installation in a horizontal section constitutes a polygonal
shape being essentially symmetric around the axis of the

central room.

9. Electrochemical installation according to any one of
the preceding claims,
characterizedin that inner surfaces of the wall

parts comprise electrical heating elements.

10. Electrochemical installation according to any one of
the preceding claims,

characterizedin that the reactor modules
comprise fuel cells with oxygen anion conducting membranes
and that the installation is adapted to convert hydrocarbons
to synthesis gases by partial oxidation with oxygen from

air.
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11. Electrochemical installation according to any one of
the preceding claims,
characterizedin that the conducting devices are

lead into the central room.

12. Electrochemical installation according to any one of
the preceding claims,

characterizedin that the exhaust gases from the
reactor modules are conducted through suitable pipes through
the heat exchanger for cooperation with the gases supplied
to the reactor modules, and that the support units also
comprises an afterburner mounted between the outlet of the
reactor modules and the heat exchanger.

13. Electrochemical installation according to any one of
the preceding claims,

characterizedin that the support units
comprises pre-treating means for pre-treating the supplied

gases.

14. Electrochemical installation according to claim 13,
characterizedin that the pre-treating means
includes recycling means for at least partial recycling of

the exhaust gases.

15. Electrochemical installation according to claims 13 or

14,
characterizedin that the pre-treating means

includes means for reformatting of the gases.
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