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Summary

A battery electrignland waterway vesse&oncepthas been developedrhe vessel designedo
carry160 TEW (twentyfoot containershpetween the port of Gothenburg and Trollhattarith a
frequency of five times/weeKThe vessdias the largest possible dimensiawed for passage
through the locks in Trollhattamndis designed for lean manning, icéass 1C anentirely
electricdly propelled.

The vessel has battery capacity 06.1 MWh which is capacity for one single journey between the
two ports. The amount of batteries is large and will be an expensivestment.

The study shows that it is possiletransport a largeaumberof containerson pure electric poweif
the distance between the ports reasonably short.
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1 Background

1.1 Project aims

The aim of tle project has been to develop a battegjectricinland waterway vessébr container
transporton the river Gétallv. The route between the port of Gothenburg and Trollhéttan is
relatively short making pure electric transport viable. The route is in preteataters with
foreseeable weather conditions. Theecks in Trollhattan set the maximum size of the shipe
objective hagherefore been to develop a vessel with maximum cargo capacity and with a size
possible to go through the locks.

The entire route isvithin the area forSwedishnland waterway transport. 12014,new

requirements for inland waterway vessels came into forge€ E}puPZ 3Z ~A ]+Z dE ve% }ES
STAand regulationTSFR014:96 The requirements enables quite a feglaxations compared to
requirements on sea going vessai§F2014:96 has beeamended to the later described TSFS

2018:60.

The river Gotdlvis in Inland waterways zone 3. The mouth of the river, and the port of Gothenburg,

is zone 2 antlakeVanerniszone 1.dZ u Jv (} pe }( 8Z A e« o[+ } %y \@n8M}se ] ', 3
therefore not in primary interest fothe operations of this particular vessel conceldoweverthe
possibilityto also trafficvVanernports hasalsobeenaccounted foiin the desig, as an alternative

routing. Extending the vessglarea of operation to include alé@keVanern mainly affects its ice

going capabilities and its range.

In 202Q the boundaries of the area for inland waterway vessels will most likely be expanded,
coveling also the coastal zongsorth of Gothenburg. This will make the possible use of the vessel
other extended, alternative routedut has not been takeinto account foiin this design

The vessatoncepthas been designed with limited resources and timed should not be considered
as a full designA few items and arrangements need further developmerfutly optimize the

design especiallymore details related tahe weight calculationsWeight calcwdtion has a strong
impact on cargo carrying capacities, vessel resistance and stadnilityvould benefit from further
development.

1.2 IWTS2.0

The vessel concept has been developed as pdritefregNorth SeaRegionWTS 2.0 project (Inland
Waterway Trangort Solution3. IWTS 2.0 runs between 202020 and involves partners in

Netherlands, Belgium, Germany, United Kingdom and Sweden. SSPA is the only Swedish partner. The
aimofthe/td” 1Xi % @E}i & ]+ 8} ~u} ]Jo]l* %}3 v3] o+ v yetGhdelnS€ed $} u}A
A s EA C+_X

The Swedish part of the IWTS 2.0 projeciuses on thelevelopment ofinnovative logistics concepts
for coastal and inland shippirigat looks beyond current limitations in existing business models,
legislation, goods flow chacteristics and vessel concepfgart from Interreg North Sea Region,

o*} sIEEKs U 8Z ~A v[e /vv}A 8]}v PVv CU v Z P]}vs *SE '8 o0
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part of the research with funding. Collaboration partners in Sweden have been University of
Gothenburg (School of Business, Economics and Law), Avatar Logistics and Seadvise.

Results achieved so far in tbagoinglWTS 2.0 projechavecreated an understandingor possble
logisticsconceptsof inland waterway shipping in SwedeFoday there are no inland waterway
vesseloperatingon Swedish inland waterways. Current limited traffic consists only of IMO vessels.
During 2019, a MuHlActor-Multi-CriteriaAnalysis (MAMCA) was performed, assesBuggactor
PE}u% e[ A] A%}]vse }v $ZCE J(( E v pe]v o+ }valandviiem. ]Jvo v
The actor groups were authorities, goods owners, shipping companies, ports and freight forwarders.
Thebusiness concegdbund to be most preferale wasan emission free shuttleelectrified,

operating between the coastal port (Gothenburg) and a nearb@<«kin) inland portThe idea with

the emission free shuttlevasto use the available inland waterwags anemissionfree option for
transportingcontainersbetweeninlandgoods ownersandthe coastal portwhere the close distance
makes it possible with a high frequency (5 roundtrips/wedlgday there is no traskipment of
containersbetweenships and inland vessads Port of Gothenburgonlybetween ship and road/rail
Using the inland waterways to a larger extent wordduce the need for heavy land traffic in the

urban, as well athe port area and thereby also reduce emissions from trudidse emission free

shuttle concepincludesan inland port area(e.g.in Trollhattan), where additional logistics services,
such asstuffingand strippingof containers as well as a container depwiould create positive

benefits for customersThe battery electric inland waterway vesselscribed in thiseport, should

be possible to apply inlagisticssettinglike the emission free shuil

2 Conditions for inland waterway vessel development

2.1 Vessel targets

The vessel has been developed with a few main targets. These targets all support the main target of
a transport solution for an efficient and environmentally sustainable alternative to present transport
on roads and on railway.

The main targets for the pject are:

X The vessedhall be designed for container transpam Gotaglv

X The vessel should be able to carry at least TEQUs (Twentfoot containers)

X The vessel should be able to carry other cargoes

X The vessel shall be able to make five return tripgh@nburgTrollhattan per week

X The vessel should have a teanound timeGothenburgTrollhattanGothenburgof 24 hours
X The vessel shabe powered,to the furthest extent, bybattery electriaty

X The vessel shall have a minimum speed of 10 knots

X The vessel should be able to traffiskeVanern

x The vessel shall be designed for lowest possible environmental footprint

X The vessel shall be designed and fitted for low life cycle cost

X The vessel shall be designed yearround traffic
SSP/Swveden AB- YourMaritime Solution Partner
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X The vessel shalebdesigned for lean manning
X The vessel shall fulfil statutory requirements

X The vessel may ushorebasedcargo handling equipment

The one most outstanding targettis power the vessel witlhattery electric propulsionBatteries
require large spaces artle vessels range is directly dependent on the amount of battehethe
Swedish contextsimilar transport solutionglo not exist today. Theargo ships thabperate onGéta
alvriver are all diesel powereand classified according to IMO regulations

2.2 Gota alv

The river Géta alv reaches from Lake Vanerddtiegatjust outside Gothenburgsee Figure.IThe
start of the river is at Vargon, just north of Trollhattan. The river is 50 nm long and the widkh var
between 50 to 400 m. The mean waftaw is abait 550 m/h, which results in a current of about
maximum1.5-2 kn.

Gothenburg

Figurel Gétaalvriver, Port ofGothenburg(in blue), Lilla Edet(in red) and Trollhattan(in black (source:
www.sjofartsverket.sp

The bwest depth in the entire route is 5.88 at MarieholmsbronThe river is rarely covered in ice,
but during cold winters there can be large amounts ofdbeets from areas uprivegpeed
limitations in the river is tsm five to 10 knots. The route from port of Gothenburg to Trollhattan is
45nm long. A number of bridges cross the river. The lower bridges all open for passingishétde
1, limiting heights below bridgesn Goétaélvare described.

SSP/Awveden AB- YourMaritime Solution Partner
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Tablel Height under bridges

Gota alv/TheTrollhatte Canal  Max air draught,[m]

Alvsborgbridge H=45,0
Gota alvbridge H=18,3
Marieholmbridge H=59
Angeredbridge H =47,0
Jordfallbridge H=11,0
Lilla Edet bdge H=10,0
Klafforon, Trollh&ttan H=35
Railway bridgeTrollh&ttan H=28
Stallbridge (not openable) H =28,0
Gropbridge, Vanersborg H=4,0
Railway bridgeVéanersborg H= 2,0
Dalbobridge, Vanersborg H=15,5t17,0

2.3 Port of Gothenburg

Port of Gothenburg is the largest port in Sweden. About 30 % of the international tadebout 60
% of the Swedish container trag@sses the port yearly. The port handles P88 TElyearly.
Containers are handled in the Skangiart, with an area of about 80 hectare amdbout1 750 m
quays only for container vesselee Figure 2 for sea chart visualisatibhe port carhandlevessels
up to 400 m with a draught up to 13.5 m. The tpsrequipped with seven largmntainercranes
where thetwo largest areof 23-container wide reaclsuper postpanama ST§pe.
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Figure2 Sea charPort ofGothenburg'sourcewww.eniro.s¢
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2.4 Trollhattan port

The northern port obne possibleroute on Gétadlvis TrollhattanThere is a terminal right by the
fairwayat Stallbackensee Figur@. The terminal is not fully developed for container transpoday
but has potential to be an efficient container terminalthe future The location is close to the
railway and the regionahotorways Road 4and Road E45.

/ Stallbacka-

Wy

'Langén

kanalen

Knorrenibba

Figure3 Sea chart Trollh&ttan pofsourcewww.eniro.se

The port does not have handling equipment for container cahgorder to makeonereturn trip
within 24 hoursa capacity of at least 45 containers per hawstbe provided further explained in
chapter 3 belowThis capacity could be provided wéhuipment such asa hydraulic material
handling crane, a gantry crane or a large reach staces examples in Fige 4.

Figure4 Reach stacker andlaydraulic material handling crarisourcekalmarglobal.com and mantsinen.com

2.5 Trollhattan locks

Gotaalvhassix locks, one ihilla Edet, foujust south of Trollhattarand one between Trollhattan
and Vanersborg. The total height difference is 44 m, 39 m between the sea and Trollhattan port.

Atthe Trollhattanlocks see Figure Shere are mooring hooks that can be released from the lock
central. The lock crew will algwovide support with mooring during lockingoaded ships with
length larger than 83 m shall be modakat four ends during loe&perations The lowest depth in the
Trollhattan locks is 5.65 m, 5.5 m during low water.

SSP/Awveden AB- YourMaritime Solution Partner
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The largest size of vessel allowed to pass through the Trollhattan locks isL 87 m, B 12.7 m, T 4.7 m.
Larger ships are allowed after given special permit from the Swedish Maritime Administration. The
largest size with special permit is @18, B13.4 m, 15.4m.

Figure5 Locks of Trollhattan from soutsourcewww.sjofartsverket.sp

2.6 Lake Vanern

Gota &lv runs from Lakéénernto GothenburglLake Vaneris * A v [argest lake anis5 650
km? large.During winter tte lake isnormallycovered in icgalthough variationbetween years exist
Medium ice thickness over tHast twentyyears i€.35m. The largest ports indke Vanern are
Gruvon Lidképing, Karlstad, Kristinehamn and Otterbacl&e. Figure 6, foAlStrack densities in
Vanern.

Thepurpose of thanland waterway vessel concept is riotcallthe ports around Lake Vanerihhe
possibility ofcallingthese ports should however not be excluded.

SSP/Awveden AB- YourMaritime Solution Partner
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Figure6 Lake Vanern, witthlStrack densitiegsource www.marinetraffic.com

2.7 Regulations

The ship is assumed to be designed for national trafiber Swedié flag. In order taperate on
Gota alv and Véanerthe statutory requirements arsetby TSF2018:@), Transportstyrelsens
foreskrifter och allméanna rad om fartygnlandssjofart (Swedish dinsport Agencg requirements on
shipping on inland waterwaydurther pointing at the applicable technicaquirements of ESRIN
standard, E RINEuropean Standard, Technical requirements or Inland Navigation v@84&lA .
TheSwedish maritime administratiomlsohas special regulations for ships sailing Gota alv.

The vessel design shall meet the followieghnicalrequirements

The design shall meghe techrical requirements of TSR818:@

The design shall meet the technical requirements 6TRE8N 2015/1

The designshallmee §Z § Zv] o € <p]E u v3e }( 8Z ~A SME D E]3]u
Special rles for transiting the Trollhatte canal with maximesize vessels

Further, n order to be entitled to icebreaking assistance the ship must meet technical requirements
of Swedish authorities.

TSFS 2009:11$TAsrules on Finnish and Swedishboeaking classr SJIOF3013:16, Regulations
and general advice of the Swedish margimdministration on Swedish ice class for traffidake
Vanern.

Some of he additions to ESRIN set by the Swedish regulationI 8FS 2018Gre:
-Vessel®perating inzone 1 or zone 2 shall have a slesrtificate

-Vessel®perating inzone 1 shall have a margin to flooding of at least 1200 mm

SSP/Awveden AB- YourMaritime Solution Partner
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-Vessel®perating inzone 1 shall have a freeboard of at least 500 mm, 300 mm for zone 2

-Vessels designed for zone 2 are allowed to traffic zone 1 if the wave height is determbeed to
below 1.2 m during the passage

3 Operating time table

A oneway trip takes seven and a half hours on average, following the speed limitdifieta 10
knots in different parts of the river. This will vary with the waiting time at locks and bridges. The
passage time used in calculations is set to eight hours to have some margin.

The distancespeedandtime for the different parts of the journey have begnantified see Table 2
below,and used when developing the design concept

Table2 Route details

Speed Distance Time per Total time Tot
Limit [nm] part after finished distance
From To [knots] [hours]  part [hours] [nm]
Container port Gothenburg =~ Géta ahbridge 8,0 4.1 0,51 0,00 0,0
Stenpiren
Gota alv bridge, Stenpiren  JordfallbridgeKungalv 5,0 9,6 1,92 0,51 4,10
Jordfallbridge Kungélv Sddra tjuvholmen 10,0 6,1 0,61 2,43 13,70
Alvangen
Sodra tjuvholmen Alvangen  Kattleberg Alvangen 5,0 2,4 0,48 3,04 19,80
Kattleberg Alvangen Gota krokarna 10,0 7,6 0,76 3,52 22,20
Gota krokarna South Fuxernebryggan 7,0 2,0 0,29 4,28 29,80
South Fuxernebryggan Entry locks Lilla Edet 10,0 0,3 0,03 4,57 31,80
Entry locks Lilla Edet Exit locks lilla Edet - 0,5 0,50 4,60 32,10
Exit locks lilla Edet Entrylocks Trollhattan 10,0 9,7 0,97 5,10 32,56
Entry locks Trollhattan Exit locks Trollh&ttan - 2,2 1,50 6,07 42,26
(Klaffbron)
Exit locks Trollhattan To quay Trollhattan 5,0 0,6 0,11 7,57 44.46
(Klaffbron)
7,68 45,01

The time passinthrough the locks in Lilledet and Trollhattan has been determinafier an analysis
of AlSdata for all vessels passing the locks over one full year (2018). The linesesgtryaand exit

of the locks areshown in the two following picturesee Figure.7

SSP/Awveden AB- YourMaritime Solution Partner
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Figure7 Lines defining entry and exit through locks in Lilla BddtTrollh&ttan

Figure 8 and 8howexamples of theesultsfrom the analysis opassges throughhie locks at
Trollhattan(all data from loclpassages are shown in append)x 2

Figure8 Data of all passages throudhrollh&ttanlocks going north (ships with LOA above 50 m)

SSP/Awveden AB- YourMaritime Solution Partner
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Figue 9 Frequencyunctionof passages througfirollhattanlocks going northl5 minute time resolution (bins).

In order to allow for a return trip time of 24 hours a complete loading and unloading cycle in each
port cannot takelongerthan 4 hours. Ithisisnot achievable theotal time for thereturn trip will be
morethan 24 hours.

With a full load of 160 TERat least 80 containers must be moved on/off the vessel per hour
(160*2/4) to allow for a 24our return trip time. If the essel is loaded with the maximum number
of FEUE (70 FEUs and 20 TElthe loading/unloading must take place at a speed of 45 container
movements per hour (90*2/4).

A loading and unloading capacity of 80 containers per hour is quitgreanding requiremet
especially for the small port in Trollhattan. The target of being capable of doing a return trip in 24
hours will be difficult to meetThe number of containers that has to beved on/off the vessel in
order to make five trips per week is le8§,containers per hour.

4 Vessel concept

4.1 Vesselarrangement

4.1.1 Forward part of ship

The vessel is a Vanemax sized vessel with the bridgéthe front of the shipOne goal with the
design of the inland waterway vessel was to keep a low height, making passing under as many
bridges as possible without need of opening the bridges. With the navigating bridgeaift,tiidias

to be high, or raised, to attain adequatssibility forward when the ship is fully laden. With the
bridge on thefore, the visibility is better when passing through river bends. Aligning the vessel
parallel with the locks might be more difficult with a forward bridge. Visibility from the bridg®g is
forward of the bow (requirement 250 m in fully laden condition) and 245 deg. around the horizon
(requirement 240 deg.).

SSP/Awveden AB- YourMaritime Solution Partner
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FigurelO Cargo vessel leaving the Trollhattan loakth limited visibility from bridgésource www.svt.sg

The size of th@avigating bridge is roughly 10 by 4.5 m and contajpeat from the manoeuvring,
navigationand engine control stations alsccaffee stationkitchenettewith room to seat four

peope, a toilet with access from both inside the bridge and from outside the deck. The bridge house
may include a shower if this is desired/required for personal cleaning after deck or cargo operations
t this shower shall be reachable from the deck

The forward mast holding the forward top light, thadar, radio antennand a signal flag maist
also placed hereThe mastould beof either atelescopicor a foldingtype (folding forward)|t is
intended that the maswill be electricallypowered and remotsi operated from the bridgeThe
raisedforward mast extend422 m abovethe main deck of the vessel, &6 m dove the waterline
in the lightest loaded operational mode (draught of 3.8 m).

FigurellView of decks in fore. Green marks divisions against ballast water tanks.

The forward parof the ship alsdolds the crew compartmenbneded below the bridge. The deck
area at this level imoughly 65 M andholdsthe crew cabins, showers, living moowith TV etc.

SSP/Awveden AB- YourMaritime Solution Partner
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Onedeck below the crew compartment the main swibdardis situated possibly also with the
chain locker for the bow anchor. This deck may contain machinery and equipment for the bridge:
heating and cooling systems, pumps etc. The deck arés level isoughly59 m2,

Tanks for fresh, black and grey water together with trecessarnpumps for their respective systems
areplacedon the deck above the double bottonThisis also a suitable place for ballast water
pumps, bilge pumps and bilge water separatédrsmall tank for oily sludge from the bilge separator
could beplaced here The total deck area at this level is roughly 56 The space afbf the forward
collision bulkheadholdsthe bow thruster

4.1.2 Aft part of ship

The aft part of the ship holds two battery rooms, two engine roosteseringgearroom, bunkering
stations (for shore power and fuel for the generator set), mustering station and mooring equipment
as wellasthe generator setsee Figure 1Zhe aft masts placedhere, holding the aft top light, NUC
and other navigation lights. The mast is to be telescopic and when retracted have its highest point
well below the cargo holdoamings. fie mastwill be poweed and remotely operated from the

bridge The raisedaft mastextends 17.6 m above thmain deck of the vesseadr 19.4 m abovéhe
waterline in the lightest loaded operational mode (draught 3.8 m).

Figurel2 Machinery spees in the aft part of the ship

4.1.3 Cargo hold

The cargo hold igpen andnot planned tobe fitted with cargo hatches. Cardpatches coud be
added since theargohold is surrounded by a coaminbBhe cargo holds dimensions are L 68 m B
10.85m and D 7.1 m. The volume of the cargo hold, up to the cargo hold coaming is 4.884r &
full view of the cargo hold, see Figure 13.

The main holdhas a capacity of 3BEUsnN the first layer, 40’ EUsN the second layer, 4PEUsn the
third layer and 44rEUsn the top fourth layer. This adds up to 160 TE&é® Figure 14 for view of
the container stack

SSP/Awveden AB- YourMaritime Solution Partner
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Figure 13 View of the cargdiold- the battery rooms in greeand the engine rooms in yellow

Figurel4 View ofthe container stack in the hull

4.1.4 Container cargo arrangements

The vessel will ndte fitted with fixedcargo handling equipment of any type. All lifting operation is
to be performed byhandling equipmenbn the quay. If the vessel is to be used for container
transport only and no cargo in bulk, such as grain, thd bolld be fitted with fixed or semi fixed
container cell giges in order to make them sdlishing and make cargo management faster, less

SSP/Awveden AB- YourMaritime Solution Partner
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strenuous for the crew and in all likelihood also cheafidras not been studied idetail, but
containerlashing ould bemade withstraps and/or container locks.

4.2 Crew compartments

The crew compartment will hold three small cabins, a changing room Witivers, a small kitchen
and dg room with seating for four people. Access to the anglhbe madeviastaircaseo the bridge
and, if possible a separate stair to the deck. If a separate exit to deck via staircase pessible,
emergency exit will be through a deck hatch.

4.3 Deck arrangement

The fore deck is reachedrougha door on the front of the bridgesee Kjure 15 Passage on the

sides of the bridge house will probably be too narrow for practical daily use since tlge brigst

have windows to the vessel side in order to allow a clear view aft past the cargo when four container
stacks are loadedquipment @ the fore deck is an anchor winch and a mooring winch with two to
four drums holding mooring lines. There is no need for a deflection roller since the winch is mounted
with the axis of rotation longitudinally and the bollards can be used for deflectlmmwinch is to

have constant tension function to allow for easier operation when passing the locks.

Figure 15 Fore deck with mooringnd anchor arrangement

The aft deck is reached from the front of the vessel on both sidethe open decksee Figure 16
Equipment on the aft deck is a stern anchor with wincRTRE8N requirement, and a mooring winch

with two to four drums holding mooring lines. Two deflection rollers are included to allow for
deflection to the rear of thevessel. Thaft winch isalsoto have constant tension function. The

anchor is set in the stern of the vessel with the chain locker aft of the collision bulkhead. There is also
a life raft placed here launching over the stern of the vessel.
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Figure 16 View over aft deck with mooring arrangement and equipment.

4.4 Subdivision

The space required to hold the 160 containerfocatedaft onthe ship with the navigaion bridge
and accommodations forward. The aft part of the cargo hold is stepped to make room for engine
room and batteries.

The space between the hull and the cargo holdsisdfor ballast tanks. The double bottom is also
used for ballastanks in pairs othree. Total available ballast volume i840 n?.

The subdivision of the hull can be seerrigure 1elowand the ballast tanks in Figure.18

Figurel7 Subdivisiorof the hull
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Figurel8 Subdivisiorof ballast tanks

4.5 Cargo Capacities

45.1 Container capacity

The cargo hold has been maximized to fit as many containers as pagiibitethe restriction of the
maximum size of the vessa&Vith the space required for accommodation, batteries, engine
arrangement and auxiliary machinery arrangements TeEQ<an be fitted in the cargo hold.

The capacity of fortjoot containers (FEU3 i70.With 70FEUghe vessel can be filled upith 20
additional TEl$ in leftover spaces.

Loading 16 EUswill result in a vertical centre of gravity that is too high to comply with stability
requirements. Ballasting is necessary. The largest amourEdfthe vessel is able to carry without
using ballast is 134.

The loading condition with 160EUsequires the largest amount of ballast, 1100 tons. With two
ballast water pumps with the capacity of 70/meach ballasting is possible during an eight hstay
in port for loading.

The main purpose of the vessel is for transport of containers. There are a few different container
sizes, from 16to 53-foot. Container with extra height, high cube containers, are also common. The
standard container size usedrfthis inland water vessel is a THihgth 6.058 m, breadth 2.438 and
height 2.591 m. The load in each container is calculated as 12 tons. With a tare weighibo&2.2

each TEU thus weighs 14.2 tons. When calculating the vessels stability the eerttcalof gravity is

of importance. When loading a container ship the vertical centre of gravity can be altered by stowing
the heavier containers low in the cargo hold. In the case for the inland wateresselthe centre of
gravity has been calculates 45 % of each containers height, according toGhN\Pt.5, Ch.2, Sec.8

Containers will be loaded without hatches covering the cargo hold. Covering the containers with
tarps will prevent water build up during foul weather. The Swedish regulations for inland waterway
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transport, TSFS 2018:6does not allow unprotected cargo lasl in traffic on the deepest load line in
zone 1. A solution for this B#@o be developedf the vessel wilbperate onLake Vanern (zone 1).

4.5.2 Grain capacity

The concept vessdeveloped for the purpose of shippigntainer cargo. Inland waterway vessels

of this type are usually utilized for other cargo, typically grain cargo. The concept vessel could also be
used for grain shipping. With additional movable bulkheads and cargo hatches the vessel would be
able to carry 845 n? grain, 3475 tons at grain desity 0.8 T/m. 3475 tons is the maximum amount

of grain possible to load for the vessel to have a draught less than the maxattawed 5.4 m at the

locks of Trollhattan. The cargo hold is larger. The maximum amount of g, t8ns, fills the

cargohold to 90 %. If the cargo hold is limited aft at #30, where the aft step in the cargo hold is
located, the forward part of the cargo hold will be filled entirely, limiting the possibility of heeling
moment due to grain shift.

Grain load results in a loweentre of gravity for the cargo, 4.15 m above keel compare8.@om

for 160 TEW. Transport of grain can be made without use of ballast. Grain cargo would require cargo
hold hatches and one or twimansversegrain bulkheads. These have not been incluitethe

concept.

Note: The largest draughts allowed in the ports of Gruvon, Karlstad, Kristinehamn and Lidkdping is
5.3m.

4.5.3 Timber capacity

Transport of timber is also an alternative usfethe vessel. The capacity of the catyuld is 4884 n?.
With a load factor of 1.58/0lume of cargo hold necessary to fit £ timber) and a timber density of
0.65 t/m? (birch) the amount of timber that can be carried i858 tons.

If the vessel is usefbr transport of grain or timber it would need the support from external loading
equipment. It is not planned fgrlacingown cranes ocargo handling equipmendn the vessel

4.6 Stability

No detailed weight calculations have been made for the concept vessel. A lightweight, with centre of
gravity have been derived through parametric studies of similar vessels. The derived lightvasight
been corrected fothe absence of a diesel engine aaddition of batteries.
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Seven loading conditions have been checkedléating position and stability requirement
fulfilment, see example in Figure 1Bhese are:

LO Lightship

L1 Containers 134 TEU, No Ballast
L1B Containers 134 TEU, Ballast
L2BContainers 150 TEU + Ballast
L3B Containers 170 TEU + Ballast
L4 Grain, 3475 T

L5 Timber, 2048 T

L6B No cargo, ballasted

X X X X X X X X

Figurel9 Floating position of loading condition L3b it60 TEWY

Loading conditions Li$ calculated as the amount of containers that can be carried without use of
ballast. With more containers the vertical centre of gravity has to be lowered with badlasmply

with stability requirementsLoading condition 2 isakulateddue to thegoal to carry 150 TEJ

Loading condition L6 shows ballasted condition, with no cargo and with enough ballast to immerse
the propellers. The propeller tip is immersed 0.25 m below water level and will risk being ventilated.

4.6.1 Loading conditions

In Table 3 and s a summary of the loading conditions for the inland waterway vedseding
conditions L1L3B and4.are shown in more detail in appendix

Table3 Loading condition&isplacement and load)

Loadingconditions Displacement Load(DW + Bal)

(ton) (ton)
LO Lightship 1520 0
L1 Containers 134 TEU, No Ball. 3423 1903
L1B Containers 134 TEU, Ball. 3737 2217
L2B Containers 150 TEU + Ball 4041 2521
L3B Containers 160 TEU + Ball 4440 2920
L4 Grain, 3475 T 4995 3475
L5 Timber, 2048 T 3568 2048
L6B No cargo, ballasted 2578 1058

Table4 Loading condition&draught, trim, XCG, ZCG, GM)
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Loading Draught Trim XCG ZCG GM
condition

(m) (m) (m) (m) (m)

LO 1.83 -0.49 43.50 5.52 3.37

L1 3.81 0.13 44.06 541 0.51

L1B 4.14 -0.01 43.76 4.98 0.84

L2B 4.43 0.18 43.73 5.22 0.51

L3B 4.81 -0.15 43.06 5.11 0.59

L4 5.35 0.04 43.01 4.57 1.12

L5 3.95 -0.27 43.37 4.83 1.05

L6B 2.96 -0.68 43.17 4.21 2.29

4.6.2 Intact stability

Stability requirements for inland waterway vessels are set ii8Il. The requirements are:

- The metacentric height, MG shall not be less than 0.5 m
- Under the influence of heeling moments from turning, side wind and effect ofsuelaces,
no hull opening shall be immersed.

The requirement of 0.5 m MG is governing on the way the vessel is loaded. Ballasbhaséal in
order to meet this requirement. The different loading conditions are ballasted in a way to minimize
trim.

Figure20 GZcurve for loading condition L3B with 160 TEUs
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The Swedish Transport Agency sets additional requirements for vessels on inland wat@ivesygs.
are stated inTSFS 2018:6lransportstyrelsens foreskrifter och allmanna wid fartyg i
inlandssjofart.

Additional requirements on stability and floatability is that a minimum freeboard of 500 mm and a
minimum distance from water level to nearest flooding point has to be greater than 1200 mm. Both
these additional requirements are met for the calculated loadconditions. The lowest freeboard is
1550 mm for loading condition L4, with 3474 tons of grain. The lowest flooding point is 2350 above
water levelfor the same loading condition.

Stability requirements for inland waterways are different to the standM@ intact stability
requirements. An example of this is that the metacentric height, GM, has to be larger than 0.15 m
according to IMO and 0.5 m for inland waterways. For comparison, the intact stability requirements
according to IMO are also given irettetailed stability results iappendixl. Requirements are not

met. This is due to flooding of the cargo hold, making fulfilment of stability requirements of area
under GZcurve difficult to be met. If cargo hold hatches would be used also the IMO Bitautity
requirements would be fulfilled.

4.6.3 Damage stability

Apart from requirements on an aft and forward collisiomkhead there are no requirements on
stability in damaged condition for inland waterway ves$EISTRIN)

The vessel has been fittedtivia double bottom with 600 mm height and side tanks for ballast.
Ballasting is needed both for lowering the centre of gravity mdrimming for optimal floating
position when loading different cargoes. The double bottom and side tanks are also ngdessar
structural stability.

With the double bottom and sides, the vessel achieves good floatability if damaged. The floating
after damage with a longitudinal extent that is between ballast tank bulkheads only increases
draught and trim in acceptable extertieel and remaining righting lever, GZ, are also acceptable
after damageThe vesselsurvivability after damage is dependent an intact cargo hold. If the
cargo hold is flooded the vessel will sink.

Figure 2323 showthe results from a few of the caltated damage condition€rain loading
condition L4 results in most severe damages, since ballaks tare not filled before damage.

Figure 21 showsaimaged floating position for loading conditiof\ith extensive aft damage
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Figue 21 Floating position with large aft damage.

Figure 22 showsainaged floating position for loading conditiofiWwith extensive forward damage.

Figure22 Floating position with large forward damage.

Figue 23 shows dmaged floating position for loading conditiof\when port sideballast tanks T40P
and T41P are damaged, heeling 7.5 degrees
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Figure23 Floating position with side and bottom ballast tank damaged, heel 7.5 deg.

Damaged GZurve for loading conditiond, Grain loadwhen ballast tanks T40P and T41P are
damaged, heeling 7.5 degrees,-@2x0.31m, vertical marks at 18 degrees heehere cargo hold
floodsare show in Figure 24.

Figure24 GZcurve wit side and bottom ballast tank damaged, H&éldeg.

5 Hydrodynamics

5.1 Hull shape

A hull form has been developed for the concept vessed Figure 25This hull is designed with the
main goals of low resistance and large cargo carrying capacities. The vessels speed is low, especially

SSP/Awveden AB- YourMaritime Solution Partner

24(35) SSPA Report NRE4117851-05-00-A



A

through sections of the Gogv-river with speed restrictions. The benefits of a bulb to reduce
resistance might be qustioned for the low speeds. A small integrated bulb was howbeenadded
to the bowin order to achievdowest possible resistance.

The vessel is designed for thargeconventional controllablgitch propellers and aingleskeg.

Note: both the hull shpe and power predictions are based on preliminary data and would have to be
further developed for betteresults andaccuracy.

Figure25 Hull shapeof the developed vessel concept

5.2 Propulsion

The vessel is propelled by tiarge slow rotating propellersee Figure 26The propeller diameter

has been maximized to achieve low propeller loading and high efficiency. The propellers are fitted to
open shafts with a pair of shaft brackets. With large propellers the risk of viamgildne propellers is

high when the vessel is unloaded. The amount of ballast in ballast condition is abodtdns.
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Figue 26 Propellerarrangement

Table5 The propellers of theessetoncept

SSPA propeller series 4.53

Number of propellers 2
Propeller type CP
Diameter [m] 3

P/D (mean) 1.07
AO/AD {] 0.53
Number of blades 4
Shaft losses 1.0%

The vessel is fitted with two 4.5%flap-ruddersfor good manoeuvrabilityAzimuth thrusters could
be a viable option, combining both propulsion and manoeuvring, butakasdoned due to better
efficiency of conventional propellers.

5.3 Power prediction

A power preliction has been made with S&Rinternal power prediction methodsThe SSPA speed
power prediction software is based on both 83ystematic series and on S$Rlatabase of vessels
tested in the towing tank.
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Asalfirst step an accurate selection of vesselith similarnon-dimensionalparameters and main
dimensions isarried out SSPA database is used to establish efficiencies and other parameters to
determine apreliminary resistance and sgifopulsioncharacteristics for the new vessel.

Asasecond step, the software adjust these characteristics, using the SSPA systematic series, to take
into account the differenes in nondimensional parameters of the new vessel in comparison with
the vessels selection carried out in the first step.

The resul of the power prediction is showim Table 6 and Figure d&low.

Table6 Vessels power prediction

Service- 15%

Trial sea margin
Ship speed  Deliv. power Deliv. power
VS PDT PD
[kn] [MW] (MW]
8 0.24 0.28
9 0.35 0.4
10 0.48 0.55
11 0.64 0.73
12 0.9 1.04
13 1.37 1.58

Figure27 Power predictionwith and without 15 % sea margin
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5.4 Ice class

The traffic on Bke Vanerns subject to special ice class requirements. They are denominated 1BV
and 1CV. 1BV is the higher one and corresponds well to Swedish/Finnish ice class 1C, regarding
propulsive power. Hull strength is not regulated in 1BV, as itis in 1C. Ice classeQmeadhip

more versatile than 1BV, and the hull reinforcements necessary to achieve ice class 1C are of low
cost, therefore ice class 1€chosenThe minimum ice requirement for Lake Véanern is 1 MW
propulsion powey as for ice class 1C.

Added ice restance has not been calculated for a prolonged journey across Lake Vanern when
travelling in a broken ice channethis could be performed if additional analysis is performed.

For the vessel to have the right of icebreaking assistance in Lake Vanermtiagémustbe larger
than 2000 for ice class 1C. The vessels tonna?)23s.

The 1 MW engine power required for traffic in Lake Vanernmake the vessel reach a 12 kapt
speed.

5.5 Battery power and genset

The vessel will be fully powered by batteries when travelling on @&litd he dimensioning case is
going upstreanmmorth tusing the speed/power tables described in chaf&and the time tablen
chapter3. The vessel is estimated to neadbatterywith the capacityof between6.1 to 6.4MWh.
This also includes theeed forextra power from the counter current and squat.

The batterypack is estimated to weighetween40to 90tons including racks and cables. The lower
weight is forlight weightair-cooled batteries which are a viable concept for this vessel due to the
very low Grates at both charging and operational discharging. The calculated srete @t charging

is 01 (which depends on how much power that can be used for charging from shore) anertite C
when the vessel is going upsam is calculated as maximud20. The cost of the batterieis
estimated to be between 3dénd44 MSEK(3.2 to 4.2 M Euro)

The concept wilalso becarrying asmalldieselgenerator sett this is a result from the requirement

to have the abilityto cross theLakeVanern. The generator set can be used as a range extender and

for additional power in iced conditions. The size of the generagbrssabout450-750 kW. he power

would berectified,and voltage adjusted before passing it to the main lbtisis means that any

choice of speed on the engine driving the generator is possible, even using a variable speed motor to
increase the energy effiency Another technical possibility ad range extender could be a set of
hydrogen fuel cells.

Batteries for propulsion arfitted in a compartment above the engine room. The compartment is
merely intended for batteries. Installation of large batteries require additional fittings like A60 fire
insulation, special ventilation arrangements, heating and chilling arrangements. Batbteng hall
also be fitted with fire detection systems and fire extinguishing systémwder to allow for
redundancy the battery room is divided into two separate rooms.

When using batteries for propulsion power there is a risk of thermal runaway. A theomaway is a
result of the batteries becoming overheated or damaged. A thermal runaway is an exothermal
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reaction seHsustained from the battery itself. If a thermal runaway occurs the temperature in the
battery will rise quickly and may lead to releafe=xplosive and tdg gases. A thermal runaway
couldbe caused by abuse of the battery. This could be overcharging, discharging too much or by
physical damage.

Battery roomamustbe fire insulated, to protect other spaces of the ship and to protect thtebies

from fire inneighbouringcompartments Further, abattery roommustbe fitted with a ventilation

system that ventilates toxic or explosive gases that might be released in case of a thermal runaway.
This ventilation system is a battery room spiecifystem and cannot be connected to the ship

ordinary ventilation systenVentilation of the battery rooms would be through the extension of the
cargo hold coamings, which form the walls of the battery rooms to the sides of the ship.

An efficient way ofwvoiding batteries being overheated is to control the battery temperature. This
can be maddyy an air or water-cooling system. The temperature of the batteries is cmbstant

when inuse. During charging or heavisdharging the temperature might risk the temperature is
allowed to rise too much it might be an initiation of a thermal runaway. Control of battery
temperature istherefore essential. A cooling system can also be used for keeping the temperature of
batteriesup in cold climate. Batteriesave a temperature comfort zone for best battery

performance.

Figure28 Example of battery installation on a passenger fésgurce SSPA/Vasttraflk

The space needed for tle100kWh batteries isbout 230m3. This includes storage racks for
keeping the batteries fixed, cooling and heating systems, fire extinguishing systems and ventilation
systems mentioned above. The space for holding the batteries is shagvaenin Figure 2%elow.
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Figure29 Spae required for batteries, in green, engine room in yellow

The space required for the battery installation can be compared to volume&EWEThe space is

about the same volume asxTEUsThis is cargo carrying capacity that is kst to electric battery
propulsion. The batteries cannot be stored in awkward spaces difficult to use for other purposes, as
can be done with died oil.

Oneanalyseddeawas to store the batteries iNEUsason Stena Jutlandica, see Figure Blese
containers could be exchanged to similar containers with fully charged battehiesat port. In

such a casehe vessel would nateedto stay in port for longer periods to charge the batteries
althoughthe large investment cost for batteries would lgpled. However, onnecting the battery
containers with cables for electric power, datammunicationcables, pipes for cooling and pipes for
exhaust ventilation when shifting battery containers will probably netiade easily.

Figure30Large container for batteriesn Stena Jutlandicgource www.stena.com
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Sincethe vessel need to stay in port for several hoursoi@md and unloadll containers there will be
enough time for charging the batteries on boafithe idea of stowing batteries in thewn
containers washerefore abandoned for the inland waterway vessel concept.

5.6 Engine arrangement

The propulsion system d@ivided irto two independent propulsion lines. Each consists of one electric
motor of 590kW @ 1200 rpm, driving a fixedntrollablepitch propeller, SSPA 4.53, through a two
step planetary gear bowith a 9:1 reductionThe motors areeluctance assisted permanentagnet
motors, with high efficiency and torqu&heengine arrangement has a low heigiridonly requires

one standard deck height of 2.8 m abdhe double bottom. Twdigh liftrudders of 4.5 m2 provide
good manoeuvrability and the possibility to generatese to 90° thrustAn electric bow thruster of
180 kW is installed for port manoeuvres and to assist turning in tight river bends.

The propulsion system is divided into two independent propulsion lines. Each consists of one electric
motor of 590 kW @L200 rpm, driving a controllable pitch propeller, SSPA 4.53, through a gearbox
with a 9:1 reduction. The reduction gearisvo-step planetary gear box. The motors are reluctance
assisted permanent magnet motors, with high efficiency and for their sgtetbrque.The engine
arrangement has a low height and only requires one standard deck height of 2.8 m above the double
bottom. Two high lift rudders of 4.5 m2 provide goothnoeuvrabilityand the possibility to generate
close to 90° thrust. An electric cthruster 0f180 kW is installed for port and lock manoeuvres and

to assist turning in tight river bends.

The battery and engine rooms are both separatdd tmo identical roomssee Figure Band 2.
Each with a fire and wattght integrity in order tomaximise the vessefgopulsionredundancy in
case of fire or water ingresA.ccess to thengine and battery rooms are throughstaircase in the
centreline

Figure31 The battery room and the generator room.
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Figure32 Cutout view of the starboard engine room, battery room and the generator room.

6 Energy requirements

The basis of the capacity calculation for the batteries installed is tgaship shall be able to

perform a oneway tripbetween Gothenburg and Trollhattaopstream with the maximum head

current. The speed shall be the maximum speed allowed, which varies between 5 knotd@long

Gota alv. The squaffect from shallow wateis also taken into account. The average load from

other consumers than propulsion is estimated to be 30 to 50 kW. The total efficiency of inverters,
motors, gearing and shafts is estimated to be 88 %, whilst the efficiency for the provision of the hotel
load is estimated to be 95 %.

The result of the energy calculations is that betwee2p® and 450 kWh electrical energy is
required from the batteries when going upriver and betwee®4® and 2800 kWh when going down
river. Using 70 % of the batterymacity, for longer battery lifemeans that therequiredbattery
capacity is between 600 and 6350 kWh when going upriver and betweef20 and 4000 kWh
when going downriver. Theequiredenergy to fully chargehie batteries is between 370 to 4 540
kWh after a journey upriveand between 2700 to 2860 kWh downriver

The hosen battery size is BO0 kWh thisis due to the very low @ates at operation (0,20 max) and
charging (0.11 after a trip wiwer) and few charge cycles over the battery life. Please note that the
requiredbattery size is highly dependent on particularities in the cell chemistry. Some cell
chemistriesmay require a smaller battery sizdt is however believed that none will geire a larger
size than what is used here.

Using4 hours for charging mean that the needed charge power is betwle@d5 and 1 138W when
charging upstreamandbetween675and715kW when charging dovatream. On top of this the
hotel load is added giving total shore connection powesf 1 125to 1 165kW in Trollhattan and
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between705to 745kW in GothenburglLonger charging time would lower the need for charging
power.

7 Conclusions

This project has developed an electrified inland waterway vessel cofmegedicated operations on
Gota alv, between Port of Gothenburg and Trollhattan port. The vessels main particulars are
specified in Figure 33.

Main particular Specification

LOA 87.9m

Lwi 87.7m
13.4m

D 6.9m

Tm 4.4m

Tmax 535m

Tgall. 30m

Air draught 6.15m/18.7m

DW 3475 ton

Ballast 1306m?3

Loading container capacity 160 TEU or 70 FEU + 20 TEU
4884md/ 172500cub.ft.
L 68mB 10.85mD 7.1m

Hold capacity

Hold dinensions

Grain
Timber cap.
Grossonnage
Net tonnage
Hatches
Speed serv.
Speed max
Battery amt.
Endurance
Machinery
Propellers
Crew

Bow thrust.

Ice class

Figure33Vessel main particulars

3475ton
2048ton
2136

1310

No

10kn.
12kn.

6 100kWh
50Nm
BatteryElectric
2x3.0,CP
3

180kW

1C
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The vessdak developed forthe largest possible size, with special permission for passage through the
locks in Trollhattanbeingable to carry 160 TEJ

Transport of containers on thever Gotaalv with an entirelybattery electric propelled inland
waterway vesel is possible. The vessel would be a pure-gamnssion vessel he space required to
fit the 6 100 kWhbatteries can be compared to the volume of $&Us The batteries can be charged
and discharged at low rates enabling for a long battery lifetime. Battery charging power at end
terminals are quite low.

As an inland waterway vesséhe vessel cannahake voyages outside of the IW¥@nes. Powered
with batteriesthe vessehlso has a lined reach Other possible routes connected to Gétl is on
Vanern and on newly regulated coastal zones north of Gothenburg. Also, other SwedistolsV
on the south and eastern coagt Swedenas well atakeMalaren could be possible to operate.

The vessel concept is possilb operate for five roundtrips/week between Gothenburg and
Trollhattan.If fully loaded with TEUshe target of being capable of doing a return trip in 24 hours
will be difficult to meet whichdepends on the loading and unloading capacityGothenburgand
Trollhattanport.

The cost of the battery equipment éstimated to be abouB4to 44 MSEK, abou.6 to 4.6 M Euro.
The additional cost fdpattery electric propulsion isherebylarge compared to the price of an
ordinary diesel propellethland waterway vesseh full life cycle cost of the developed vessel is
needed to better understand the business opportunities of realising such a concept.
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Appendices:
Appendix 1 Stability calculations
Appendix 2 Data from lock passage analysis
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Intakts tabilitet 2019-12-23
USER|SS
SSPA IW TS IWTS$19:1
Loading condition: L1 Containers 134 TEU, No Ball.
Tank contents listed after GZ-curve.
Fixed weights Weight CGfr. CGfr. CGfr. Free.surf
AP CL BL
[t] [(m]  [m] [m] [tm]
Containers 1902.80 4450 0.00 5.32 0.00
Fixed weights 1902.80 4450 0.00 5.32 0.00
Total weights Weight CGfr. CGfr. CGfr. Free.surf
AP CL BL
[t] [(m]  [m] [m] [tm]
Deadweight 1902.80 4450 0.00 5.32 0.00
Lightweight 1520.00 43,50 0.00 5.52
Total 3422.80 44.06 5.41 0.00




Intakts tabilitet 2019-12-23
USER|SS
SSPA IW TS IWTS$19:1
Loading condition: L1 Containers 134 TEU, No Ball.
Floating position
Mean draught., Tm: 3.81m KM: 5.92m
Trim: 0.13m KG: 541m
Draught, fore, Tf: 3.87m GMO: 0.51m
Draught, aft, Ta: 3.75m GMkorr: 0.00m
Heel: 0.00 gr GM: 0.51m

Floating position and weight positions
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Intakts tabilitet 2019-12-23
USER|SS
SSPA IW TS IWTS$19:1
Loading condition: L1 Containers 134 TEU, No Ball.

GZ-data

HEEL [deg] - 0.0 10.0 20.0
GZ [m] - 0.000 0.097 0.251
AREA mrad - 0.000 0.008 0.037

GZ-curve

GZ —— EPHI - - - -

250 30.0 40.0 50.0 60.0
0.367 0.457 0.473 0.245 -0.130
0.064 0.100 0.185 0.251 0.262

[m]

Gz

0.2 -+

i ]

i i

i i

i i

i i

i i

i i
0.4 =

| |

i i

i i

i i

i i

i i

i

Krangningsvinkel tdeg]

PS

Stability criteria IWW

Residual safety clearance > 0 mm
GM>0.5m

Stabilitetskrav IMO

Area under GZ curve up to 30 deg.
Area under GZ curve up to 40 deg.
Area under GZ curve btw. 30-40 deg.
Max GZ > 0.2

Max. GZ at an angle > 25 deg. 2

Critical flooding openings

OPENING X Y Z F
[m]  [m]  [m]

oz2p 74.400 5.425 7.500
o1pP 18.000 5.425 7.500
01s 18.000 -5.425 7.500

Req. Value Enhet status

0.000 2.341m OK
0.500 0.506 m OK

Req. Value Enhet status

0.055 0.100 mrad OK

0.090 0.128 mrad OK

0.030 0.028 mrad NOT MET
0.200 0.496m OK

5.000 35.776 deg OK

[deg] [m]
334 3.6
36.7 3.7
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Lastfall: L1 Containers 134 TEU, No Ball.

Tank content:




Intakts tabilitet 2019-12-23
USER|SS
SSPA IW TS IWTS$19:1
Loading condition: L3B Containers 160 TEU + Ball
Tank contents listed after GZ-curve.
Fixed weights Weight CGfr. CGfr. CGfr. Free.surf
AP CL BL
[t] [(m]  [m] [m] [tm]
Containers 2272.00 40.05 0.00 5.94 0.00
Fixed weights 2272.00 40.05 0.00 5.94 0.00
Tank content Weight CGfr. CGfr. CGfr. Free.surf
AP CL BL
[t] [(m]  [m] [m] [tm]
Ballast water 647.63 52.60 0.00 1.20 9.07
Tank content 647.63 52.60 0.00 1.20 9.07
Total weights Weight CGfr. CGfr. CGfr. Free.surf
AP CL BL
[t] [(m]  [m] [m] [tm]
Deadweight 2919.63 42.83 0.00 4.89 9.07
Lightweight 1520.00 43,50 0.00 5.52
Total 4439.63 43.06 5.11 9.07




Intakts tabilitet 2019-12-23
USER|SS
SSPA IW TS IWTS$19:1
Loading condition: L3B Containers 160 TEU + Ball
Floating position
Mean draught., Tm: 4.81m KM: 5.69m
Trim: -0.15m KG: 511m
Draught, fore, Tf: 474 m GMO: 0.59m
Draught, aft, Ta: 4.88 m GMKkorr: 0.00 m
Heel: 0.00 gr GM: 0.59m

Floating position and weight positions

X=23 X=41 X=39.3
- |
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Intakts tabilitet 2019-12-23
USER|SS
SSPA IW TS IWTS$19:1
Loading condition: L3B Containers 160 TEU + Ball

GZ-data

HEEL [deg] - 0.0 10.0 20.0
GZ [m] - 0.000 0.110 0.254
AREA mrad - 0.000 0.009 0.041

250 30.0 40.0 50.0 60.0
0.289 0.334 0.308 0.122 -0.167
0.065 0.092 0.151 0.190 0.187

GZ-curve
GZ — EPHI — = = -
o444 I e e
E : :
N [ S B
@ : 3
S /S E—
0 T T _I- T I T T T T I T T
10 20
Stability criteria IWW Req. Value Enhet status
Residual safety clearance > 0 mm 0.000 1.730m OK
GM>0.5m 0.500 0.585m OK
Stabilitetskrav IMO Req. Value Enhet status
Area under GZ curve up to 30 deg. 0.055 0.092 mrad OK
Area under GZ curve up to 40 deg. 0.090 0.071 mrad NOT MET
Area under GZ curve btw. 30-40 deg. 0.030 -mrad NOT MET
Max GZ > 0.2 0.200 0.346m OK
Max. GZ at an angle > 25 deg. 2 5.000 33.488deg OK
Critical flooding openings
OPENING X Y Z F LOODING DIST.AB.WL
[(m]  [m] [m] [deg] (m]
o2pP 74.400 5.425 7.500 26.2 2.7
o1P 18.000 5.425 7.500 26.4 2.6

01s 18.000 -5.425 7.500 - 2.6
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Lastfall: L3B Containers 160 TEU + Ball
Tank content:
Id Description Weight

[t]

Ballast water (Density: 1.00 t/m3)

T20S 18.89
T20P 18.89
T30S 30.61
T30P 30.61
T40S 30.68
T41S 49.12
T40P 30.68
T41P 49.12
T50S 16.54
T51S 79.12
T50P 16.54
T51P 79.12
T20C 44.22
T40C 54.67
T50C 44.16
T30C 54.66
Sum 647.63

Total 647.63

Fill CG fr. CG fr. CG fr. Free

AP CL
[%] [m] [m]

BL surf.
[m] [tm]

100 25.02 -4.36
100 25.02 4.36
100 38.42 -4.69
100 38.42 4.69
100 53.99 -4.69
40 54.00 -6.06
100 53.99 4.69
40 54.00 6.06
100 66.84 -4.28
80 68.28 -5.61
100 66.84 4.28
80 68.28 5.61
100 24.30 0.00
100 54.00 0.00
100 68.10 0.00
100 38.40 0.00

0.32 0.0
0.32 0.0
0.31 0.0
0.31 0.0
0.31 0.0
1.86 2.6
0.31 0.0
1.86 2.6
0.32 0.0
3.00 1.9
0.32 0.0
3.00 1.9
0.30 0.0
0.30 0.0
0.30 0.0
0.30 0.0

52.60 0.00 1.20 9.1

52.60 0.00 1.20 9.1
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Loading condition: L4 Grain, 3475 T
Tank contents listed after GZ-curve.
Fixed weights Weight CGfr. CGfr. CGfr. Free.surf
AP CL BL
[t] [(m]  [m] [m] [tm]
Containers 0.00 0.00 0.00 0.00 0.00
Grain Dens. 0.8 3475.20 4280 0.00 4.15 0.00
Fixed weights 3475.20 4280 0.00 4.15 0.00
Total weights Weight CGfr. CGfr. CGfr. Free.surf
AP CL BL
[t] [(m]  [m] [m] [tm]
Deadweight 3475.20 4280 0.00 4.15 0.00
Lightweight 1520.00 4350 0.00 5.52
Total 4995.20 43.01 4.57 0.00




Intakts tabilitet 2019-12-23

USER|SS
SSPA IW TS IWTS$19:1
Loading condition: L4 Grain, 3475 T
Floating position
Mean draught., Tm: 5.35m KM: 5.68 m
Trim: 0.04 m KG: 457 m
Draught, fore, Tf: 5.37m GMO: 1.12m
Draught, aft, Ta: 5.33m GMkorr: 0.00m
Heel: 0.00 gr GM: 1.12m

Floating position and weight positions
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Loading condition: L4 Grain, 3475 T

GZ-data

HEEL [deg] - 0.0 10.0 20.0
GZ [m] - 0.000 0.201 0.370
AREA mrad - 0.000 0.018 0.068

GZ-curve

250 30.0 40.0 50.0 60.0
0.435 0.464 0.436 0.323 0.131
0.104 0.143 0.223 0.290 0.331

[m]

Gz

Stability criteria IWW

Residual safety clearance > 0 mm
GM>0.5m

Stabilitetskrav IMO

Area under GZ curve up to 30 deg.
Area under GZ curve up to 40 deg.
Area under GZ curve btw. 30-40 deg.
Max GZ > 0.2

Max. GZ at an angle > 25 deg. 2

Critical flooding openings

OPENING X Y Z F

(m]  [m]  [m]

oz2p 74.400 5.425 7.500
o1pP 18.000 5.425 7.500
01s 18.000 -5.425 7.500

Kréngningsvinkel fdeg]

Req. Value Enhet status

0.000
0.500

1.719m OK
1.1177m OK

Req. Value Enhet status

0.055 0.143 mrad OK

0.090 0.074 mrad NOT MET
0.030
0.200 0.466m OK
5.000 32.088 deg OK

-mrad NOT MET

[deg] [m]
20.9 2.1
21.6 2.2
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Lastfall: L4 Grain, 3475 T

Tank content:
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The time passing through the locks in Lilla Eadet Trollhattan has been determined after an analysis of AlS data for all
vessels passing the locks over one full year (2018). The lines set for entry and exit of the locks are shown in the two
following figures

Figurel: Lires defining entry and exit through locks in Lilla Edet.

Figure2: Lines defining entry and exit through locks in Trollhattan.

Appendix 2_AIS Analysis.Docx
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1.1.1 AIS data for passage through Lilla Edet lock

Figure3: Data of all passags through Lilla Edet locks going north (ships with LOA above 50 m)

Figure4: Frequency function of passages through Lilla Edet locks going north, 5 minute time resolution (bins).
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Figure5: Cumulativelistributionof passages through Lilla Edet locks gaingh, 5 minute time resolution (bins).

Figure6: Data of all passages through Lilla Edet locks gemgh(ships with LOA above 50 m)
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Figure7: Frequencyunctionof passages through Lilla Edet locks gaiagth 5 minute time resolution (bins).

Figure8: Cumulative distributioof passages through Lilla Edet locks gaiogth 5 minute tine resolution (bins).
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1.1.2 AIS data for passage through Trollh&ttan locks

Figure9: Data of all passages througdfrollhattanlocks going north (ships with LOA above 50 m)

FigurelO: Frequencyunctionof passages througfirollhattanlocks going northl5 minute time resolution (bins).
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Figurell: Cumulative distribution of passages throuftollhdttanlocks going northl5 minute time resolution (bins).

Figurel2: Data of all passages through Trollhattan locks gaogth(ships with LOA above 50 m)
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Figurel3: Frequencyunctionof passages through Trollhattan locks gosayith 15 minute time resolution (ksi.

Figurel4: Cumulative distribution of passages through Trollhattan locks gaogh 15 minute time resolution (bins).
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