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Shipping without emissions, possible
with the application of fuel cell systems

The pressure of the ship industry gets |
stronger and stronger. Due to new
laws, strict environmental specifica-
tions, the high gas prices, the climate
change and the decline of biodiversity,
the ship industry has to change. The
future of many companies depends
en  new, snvironmentally friendly
technologies. Could fuel cell systems
be the key for emission-fres shipping?
The answer could be given not only |
by the new study of Germanischer
Loyd, but also by a condrete example:
the world's first fuel cell vessel with
space for 100 passengers with the op-
portunity to adopt the technigue to
other maritime applications.

The »Zemshipss project was a big success.
In summer 2008 the first fuel cell ship that
size was chrisened in Hamburg/Germany.
The «FC5 Alsterwassers Fas a passenger
capacity of 108 people, a length of 25.5 i, a
maximal dravght of 1.20m and a height
above the waterline of 2.63 m. The roof can
be lowered 1o 2.3 m above waterline. [ts
propulsion syiem is completely emissian
free and allows tourists Lo skip on the Alser
without any naise and vibestions. The pro
pulsion was developed and implemented by
Frotoan Motos. Duering the ficst operationod
tae FCS sAlserwassers from 2008 until
2010 two fuel cell systems were implement-
o, with abow 50 kW powar each, To use
tye power efficiently, a hybrid system was
used which leids to a combined load of kat-
teries and fuel cells:

When the vessel takes the route on e |
calm Alster and Alster-channels only ooe
fuel cell system is needed, because the basic
lnad is betweea 10and 40 kW, The batteries
mly support the system at peak loads, as
buffer or as propulsion, in case the fuel 2]
sysbems break down,

While the project was stll running the,
the operating company ATG already knew
that they wanted to keep the vessel even
after the pmje-.'t 1% ower. Bat on .'a.pri.l 8,
2010, an incid:nt happened. During a test
drive because of the new stack generation
which were implemented. a fire started.
There was an uncontrolled heat develop-
ment on the katteries. Although the ship
was om fire the police, the fre department
aad the Germinischer Lloyd attested that |
there was not iy danger frem the fuel cell |
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Fig. 1:The FCS sAlstarwassers is aunched
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or hpdrogen storage system atany time. The
ship is currently rebuilt and the operation
starts again at the beginning of the mext sea-
07

The heart of the propulsionsystem is the
DC-intermediate clroult which supplies all
the ship's electric consumers as well as the
anxiliary consurmers of the FC-systermn. The
vollage on the imtermediate circuit is de-
fined by the battzries.

‘The batteries are also used as buffer which
provide emergy for all dynamic processes
with short peak keads, a5 theyocour during
landing and casting off for insance, There-
fore the FC-System only has ta provide the
basic koad and doesn’t need Bigh dynamic
Joad contral, which leads to a longer life-
time of the fued cells.

Felow the main componerts of the pro-
pulion system ere individually described
FC-System:

The whole FC-grstem has three peripheri-

cal systems:

I, Hydrogen  sapply (red inside the
swheme)

2. keaction air supply {green inside the
acheme)

3. Cooling (blucinside the scheme)}

The sectional drawing (Fig- 5) shows the

fragmentation of the FC-system as well as

all the electrical main components in the

hulk. The simplified media scheme (Fig. 6

shows the whole FC-system with both

50 kW FC power packs «PM Basic M50«

and the three periphery systems.

The heart of the FC-systen. is formed by
the two 50 kW power packs »PM Basic
MEe which is certified by Germanischer
Llcyd as »FC 5. The =PM Basic M50«
produces electricity without any emissions.
It i& dynamically adjustable snd can be in-
tegrated in ship applications by dockyard:
or JEMs withont any further amendment:
beause of its dosed-system architecture
and well-defined interfaces. Furthermaore i
is possibbe to use the waste heat by integral-
ing; the coaling system of the fuel cell inte
the passenger beating syster to raise the
efficlency even more,

Inside the =Py Basic M50x there are siz
fuel cell stacks of the type nEM 200s, cach
with 86 fuel cells to get the power required.
Furthermore there are the whole peripk-
eril devices and all connections for hydro-
gen, cooling and air inside the FC power
packs.

The modular packaging achitecture of
wPA Basic M50« allows the simultaneoss
operation of more fuel cell power packs for
power demands higher than 50 kW, [fthere
are bwio of MOKE power packsoperating pas-
allel it Is possible to shut down of i ok
eazh system separately in 50KW steps
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Fig. 4: Simplified ilustetion of the performance scherme
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Fig. &: Construction of the Zemaship

Thereby it is possible © fit the power to the
particular operation siation. Italse allows
a redundant power management concept
which will lead to an sutomatic start of the
redundant fuel cell systems in case of a sys-
tem failure on one fuel cell power pack. The

F-control system does the iwrning on and
ofl automatical y.

L. Hydrogen supply
The hydrogen is stoped in compressed gas
| cilinders with 350 bar The whole hydrogen
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Fig. 7: PM Basic M5{

capacity on board is
about 50 kg of hy-
drogen. Ahtogether

Fonanr B.BOKN | it there are four com-
Dimengion of the power| precced hydrogen
Dimangian padt of the nilstenyassars, %
BeH=T 21003 60« AW Modulation of the diman- | :I:ﬁg.fmiut; 1“::;;
- = —Blone poselbie if neoded. wiILh fhrucppl'l.-mun:
Wizight 125100 5
.Hir.El;midit',.' I -:9'5?; vessels installed in-
—— | side the hulk. The
Accreditation | Germanischer Lioyd | capacity of one pres-
Start tima <5 Min 5::2:11 ofl until nominal surevessel is 4,26 kg
- - f Lo - hydrogen, Eech sub
lS-tll} Tirme < 1 min Mominal powar until off sasenibh group Lk
— i T
»
£ /
| 1 ) )
| ; f/
I 7
In — f-"'f/

| Fig. 10; Contral

58

Fig. B Constiuction grour hydrogan

a weight of about 250 kg, Therefore the
gross weight of all con pressed gas cylinden:
with filliag is dhowt 216 & The stored hy-
drogen allows in operation of three days
without mefilling. The hydrogen vessels are
in a scgregated area in the ulk which i
dezlared as Ex Zone.

For the operaion hedrogen 5.0 is needed.
In two pressure stages the bydrogen pres-
sure is reduced to 4} mbar which is the
working pressuce of the fuel zells, The frs!
pressure stage, which is also in the Ex Zone,
reduces the pressure to & bar. The second
pressure stage triggersthe working pressure
of the fuel csll,

2, Reaction air supply

The air needad for ﬂpurutiun s deliversd
by & compressor which is intagrated in the
«PM Basic M50e. Thiscompressor takes the
ambient air outof the hulk, tabes o over an
integrated air filter and takes the reaction
air to the fuel c:ll under working pressure
of 6k} mbar, where the chenical reaction
of hydrogen and oxvgen takes place.

2H,+ 0, —= ZHO

The waste airand the contuined residua
maoisture are crried to the cutside vie

pipes

3, Coolirg

Thie fuel cells inside “lae PX 200 aze liquid-
cooled fuel cell: and o a dual cirouit cool-
ing system was installed. The primary cool-
ing circuit is inside the fuel cdl power pack,
Itiz eooled by a mixture of waler and specia
ghcol. The separaticn to the secondary
cooling circuit is dooe by plate heat ex-
changer which is also mside the packs. The
wiste heat of the fue cell is used for the
heating system om the ship; the heat which
cannet be used s led over a heat exchanper
on the vessels side.

The fuel cell has different degrees of ef
ficiency which depend on the power, The
chart in Fig- % sbows the heat developmeni
in dependency on the power.

The controlling system
Both o M Baic M30a FC power packs

HAMSA Internaticnal Maritime Journsl - 148, Jehrgang - 2011 - Mr. 2
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Fig. 11: Lead ge accumulatons

hawe separate control systems. Furthermor:
there is an installed master contral which
coordinates both FC power packs as well as

thz communicaion with thehydrogen stor- |

ape system and the ship. The naster conirel
also allows the visualisation for the passes
gers and the captain,

[nside the FCcontrol of each power pacs
every singlr cell of the 576 fuel cells is mon-

itored by the oCVMUs (Cel Voltage Mon- |

itering Unit) tointervene in case of an vok-
age drop.

Orver the measter control the relevant op-
crating dates are saved on a data logger. In
case of incidenis the data can be called us
over remote enquiry and analysed to iden-
tif]r the [rrnbh.-n and find a solution at the
office of PM which leads to significant sav-
ings in tirme and costs,

Battery buffer

Since the FC power pack in operation
delivers unregnlated DC-valtage of 360-
660 VDN, a DODC-converter adapts the
fusl cells to the batteries. Tae batterles of
the «FCS Alsterwassers are ead-gel batter-
ies, which are licensed by Germanischar
Lloyd. Altogether there are seven battery
bones installed on the ship, each with 80 V.,
Inone battery box there are 40 cells with a
veltape of 2V and 360 Ah, The weight of

the batteries isabout 7t im]ud.inﬂ_ the bat- |

Lesy container.

Drue to the fact that the fuel cells are re-
charging the battery during the operation,
the batteries have a constant state of charge
lervel. If thie vesiel is moored at the pier, the
batteries are charged from outside.

Because of the prototype dharacter of the
wilsterwasserssuch a high battery capacity
was installed to Insure that in case of a fud

céll break down the vessel can reach the pier | B kW

| to put in more elec-

| fuel cell: deliver de-
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only with the power of the batteries. As the

| operational experience has shown the bat-

tery capacity can be lowered.

Power management

T regulate the power output of the pro-
pulsion system there is no need for an in-
terface te the ship because the whole power
ls taken out From
the battzries. How
much power the

pcndx o the state of
charge (30C) of the
batteries In Fig. 12
there Is the power
MANAEERENt EXem-
plified .

At th: S0C of
95 % the first FC
power Pm:lc staris
with the minimum
power of  about
kW, When the
power raquirement
of the ship is in-
creasing eneTgy is
taken fram the bat-
teries which causes
adecline of the S0C.
The result is that the
fuel cell system has

YOUR

tric emergy to the
hatteries. That rais
es the I‘C-Puwur. Al
a 500 of less than
Bi) % the second FC
power pack starts
with the minumum
power of about
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Packaging and System Layout
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Fg. 13: Safety concept of silsterwassers

mon a5 the S0C is above 85 %, The EC |
power pack stops as soon as the S04 is
again over 97 ¥ to prevent sverload,

Hydrogen and Safety |

Hydrogen is a transpaent, odourles,
completely nen-toxic gas which is Haher
than air. Dwe to its physical and chemical
caaracteristics there are noabnormal riss

Tor guaranter a safe inst:llation and op- |

eration of fuel cell systems for marine ap-
plications the safety concept of th fuel cell
propulion system of the » Alsterwassers is
set up dn four different categories

First category - packaging and system
Layorut |
Primarily, the sysem is designed and
mownted to avoid leakages. Secondly, the
system is divided into different, self-con-

taining sub asemblics which are installed

into differentsections of the ship according

tor their risk assessment, Assemblies with a

higher possibility of gas leskage, ¢. g hydro-
gen high pressure system, are installed iato

sections defired as w Ex-Fones«. Assemblies

without any tsk as the PM Basic 50 are in-
stalled into Ex-Zone free ssctions.

Furthermore gas pressure pipes get either
Jepressurised or made Inert by means of ni-
‘rogen if theyare not requived for the opera-
dom oif the FC-system. Alllow-pressure pioes
are made Inert with nitrogen if they are 2ot
n use. For thi purpade t removable gas bot-
les of nitrogen are stored or board, The high-
aressure and medium-pressure pipes will be
depressurised by a valve combimsation (dou-
ble block and bleed) and sexapsted From Tae
hydrogen tanks by normally closed valves.
Second category - control

The fuel cell system is controlled by a mi-
crocontroller and a so-cal ed Cell Voltage
Momitoring Unit (CVMLT) which will keep
the fuel cell system in a normal operation
comdition,

If the normal operation:] conditions are
exceeded, for example by excess temperatere
of overpressuce, the software will normcdly
shut down the system o prevent it from be-
ing damaged and hydragen from escaping.

Third category - safety circuit

The fuel cell system is alsa equipped with
£ hard wired safety circuit which will trigger
in emergency shut-down for either the
somplete fuel cell system or part of the sys-
tem, The swilching points for excess tem-
perature, overpressure or less flow ire
pliysically placed =aftera the software, The
aafety circuit prevents the eystem from get-
ting daraged and prevents hydrogen frem
ecaping to the surroundings,

Fourth category - pressure relief devices
The last category in the safety architec-
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o) Tankan K O E-fossz o &
devicas, like safety valves cr melting fuses,
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redease the hycrogen contained inside the
system in a coatrolled manner in case of a
serions incident in order to prevent serious
damage to man and machinz.

Fuel call types and application areas

A fuel cell is not an energy carrier, bat an
energy converter. The fuel cell modifies
chemical in elzctrical energy and has an
electrical efficency of 35 %70 %. There
are different fuel cell types which suit for

several anli,mﬁnns. The difference is

cansed by the core of the fuel cell, the elec- |

tralyte. The electralyte determines the fus
and the operating conditiors, for instance
the working temperature, the appropriae
cell types and therefore also the configua-
tion of the stacks {see table below).

Praton Motor decided to use the PEMEZ,
because this I}-peislhe best for the marke:s
focused on by PM.

Operating mode of a PEM (Proton
Exchange Membrane) fuel cell

Creygen (O Jand Hydroges (H, ) produce

energy inside the fuel cell stacks. On the ore |

hand in form of electricity and on the other

hand in form of heat. The r:quired h':,rdm- |

gen can be provided in liquid, gas or overa
reformate.

The chemical reaction: On the anode the
hydrogen is split into electrans and protons
[donation of el:ctrons):

IH, —» AH" +4e

The pretons reach the cuthode via the
polymer membrane, wheres the electrons
reach the cathede via a conduwetor. Therely
electricity s generated (DRC) On the cath-
ode the protons accepting the electrons
apRin:

O, +4H" + de —= 4H

For fuel cell applications the energy is nat
delivered by a single fuel cel, there always
has to be & fuelcell stack. In case of the fuzl
cell stack »PM 200 96 cells provide the to-
tal energy. The stack needs hydrogen and
OKYgEN and gets cooled hjr ]iquid.. A stack is

2H; = 4H" + de-

0; + 4H* + de + 2H;0

[ Fig. 16: Operating mcde of a PEM Proton Exchange Membrane) fual cell

a multitide of many single fuel cdls. The

chemidcsl reaction ocours In each single cell.
The power of the stack is therefore defined

by the mumber of cels installed, The maxi-
mum number of celly is defined by 26 cells,
For power demands which excesd the pow

er capability of one stack, a series connec-
thon of more stacks is required to allow the

production of sufficent energy. The fuel

cell as zere emission solution could be the

first stez into the right direction Proton |
Motor already offers s:andardised and ready
for assembly systems

»PM 600, the predecessor of the |
#PM 200« - basic differences

The «PM &« is the stack generation,
which was first instaled into the sBCS Al-

* Compressed- Air Receivers
* TDI-Engine Air Starters
* Gastight Bulkhead Penstrations

Exampde of » PM20Cs (88 odls)
Emch call:
LAAEN=P

= 1EY = U

Fig 16: Fuel cal stack s PM 300«
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sterwassers, Fresurably atthe beginning of
the mext year, the «PCS Alsterwassers is
aken back into operation with the new
wack «PM 200w, The basic differance i in
the durability, which is extended by the fac-
o 10-15 as well as the petformance of the
stacks, Compared with the new peneraton
the PM 600 only has 48 cells but also an
surrent outpat of 350 A, Turthermore ‘he
maintemance is better because the cells of
the P 200 can easily be changed without
changing the whole stack, which leads toan
:normous cost benefit. The membrane and
the used platinum can be better recycled,

Further possibilities for using fue
cells in vessels

The enormaus performance requirement
afvessels which need over 1,000 kW can aot
e provided by fuel cells oaly. Nowadays it
is tested if a fuel cell system can produce
smomgh energy for such huage vessels to pro-
vide the MECESEArY n,e|.¢|:.l'ric1].I on board. To-
day, vessels get their boar] energy supply
fromn oedisary diese] engines These are sot
saly ineffickent but also produce a lod of
smissions, mainly in harbours, By the wse
of fuel cells itwould be posible to turm off |
the main power plants and get the electric-
ity fromm fuel cells which are responsible for
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the board energy meeded, Furthermore it is
possibie to use a fuel cell system asasecond- |
ary engine in operational modes with little
power demand. Because of the bad effi-
clency of diesel engines, mainly if less pow-
er s regquired, a hybrid system with an intel-
ligent power management concept between
the diesel and the fusl cell system could lead
toeconomic system setups with lesa exhaust
and higher efficiencles.

Anocher possibility is to use them as aws-
iliary power units (APUs). Becase of their
modularity it is possible to locate them de-
centralised and to provide the energy at
!:Ian:': where electricity is needed. for exam-
pleas uninterruptibie power supply systems |
[UPS)or emergency-power supphy, without |
any cabling or plping that have to rumn
through the complete ship. For the need of
UPS or emergency-power supply systems |
Proten Motor can supply a standardized,
micrdular fuel cell powered UPS in 19« rack |
el up,

Proton Motor fuel cell GmbH |

Prown Motor (PM) is a specilist for in- l
dustrial fuel colls ard hybrid systems, with
the registersd office in PuchheinMunich.
PM his more than 15 years of experience |
and krow how in development asd produc- |

tiom of fuel cells and fwel cell systems, up to
the implementation of customised turnkey
splutions, The first congeats for maritime
applications started im cc-operation with
sHIVW Fuel Cell Systemas in 2004, After
ThyssenKrupp Marine Systems took cver,
HIW stopped all activities around fuel cells
for civil applications. Thereupon PM teok
the |:I'l|i:|a.l:wn:'l1:-5el|'|ur with the »Brennsoff-
zellen- und Wasserstoffiechnologie Ham-
burge for concrete project ideas to imple
ment in 2005, With the development of
P8 Basic M50« Praton Motor set a stand-
ard in maritime applications, The fuel cell
system is ready to be installed and with the
new stack generation «PM200« from ro-
ton Motor s realistic soltion to reduce
emissions in the navigation,

The fucl cdl system proved its liabilitz, 2t
least in the canal shipping and the teurist
crudse busiress. Technological advasce-
ments are being pushed, the shipping indus-
try has to recuce the emisions. If fuel cells
contributing for a more cfficient, less emis-
sion shipping, will be shown in the futcre,

Author:
Dapl-Tng. Manfred Limbranmer
Proton Motors GimbH

+ simple and reliable filration and
UV treatment

« Compact, modular, robust design
zasy to install on existing ships ard
into new construction
Capacity 60 to 6,000 m*/hr
_ow pressure drop
-0 operating costs

+ Eylly automatic

* Mo chemicals
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