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emand side manogement and modal shifl frum high carbun in-
tensits modes af wansport. such as aviation, 10 Tower earbon intensity
‘mades oF transort, such as shipring or vail will be nesessary to reduce
GG sadsslons 81, Addidudly, We decarbonisation of e tauspoil
sector 322 whale will aftect eorts fo radiice emissions From heavy-durg
tramsport. As eleceric vehicles replace internal combustion engine ve hi-
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‘e tramspart secvor will Gl The leCtwver fusil fuel deand within e
beany port sceror can then be ek in a sustainsble manner
& AMternative el and prvern

The recus. 1L Renewaible buvrgy Directive (RLY) drives the
of alternative foels within the BU. requiris
“he anergy I NS NI cames Fom renessable snirces
vt BED plaves govster wiuplieds o sl
auls. capping i cuntribution,
INCENS haF st 165 A fcro EATCE Of 73 of the: cnery i
need fiels by 20130, whicl inelides ranewe
et fuels uf non bioloyical urigin, and udvameed.
ed fram waste and residuc feedsoacks, Histed in Annex 1X
o the recasr WED [117].

Curgeunly roud Laudage [11], shipping 112 aued irlation [13] wer all
seliunt un liuid or yascous fucls protued from fossl rusourees {Fig. 11
Aleernative fuel cam be raughly grouped into nwn categorics: thesa thar
wtllise existing conustion engine. teehnelogy and infrastuctire, and
hose U e ulvctely moters powered vidhe: Ly citber fuel cells ur baw-
serics (. 1. These ucks can come in the form of binfucls [14] or
elecrefuFls [15] (iquid or gaseaiis], hydrogen or Alectrieiry (Iig. 1
Juevyeluty runsportaion Las cmstcaints en cargy spave vl payloal
that mean fels with high energy density (M1/ar') and specific cnergy
(M17kg) are required fhr eonnamie apersrion |5 ). Tespies oiten heing
grauped Logelier shipping, avialion nd haulage sach presenis unique
challvages for decarbonisation. 1 is clear thar cosriy-dease senvmsble
Tiquid (biofucls, eryogemic hydTogen or SPRChetic nuels) ar gaseans (eom-
pressed Tgragen e hiamerhane) teanspart fiels prodused via parhsags
s thoven In kg, 1 are regired where vlectsifleativn Js not yet il
Over recent veurs, there has buen incovasing (mtevest in aliernadve fasls
Hor the hea-duty fransport secror, 5 can be seen in Table: |

Prclaus liemlure hag exnined alleenative uels for warllin
12629, viatien 30,31 and hauluge 132,331 indivchually. Doy
ther 8. ety of iteracure ourlining the operational requircments of
ench secror and henee, flv alcarnative anergy cariers and poweriains
it e pelivalde sl vy, s e oo sl oL e sl s oper
ackdresscs that gop by aiming to provide a comprehensiue overvicw uf
the heavy-dury FRANSDAI SECTor aNA ARG A Road [ISAECRTR AN Hie
decarhonlsation palways sealleble. virsy, the euerent sate of e st
Sor cuch scctur vall be bruaily reviewed amnd applivable sliematve fasls
and paswerraing seleered {4100 | and Step 2, Fig. 2. Tha sclorted fucls
il then T assessed hased on their snergy densily (Slep A, Vig. %), cost
(Stey 5, L. 2). lifteycle GG ewbsions (Step B, Lie. 2 aud laud acea
calculanions are presented
in the paper highlighring the mass and vl of alternativa energy car-

cd powerteaing witk potenziel applicatings for besvs-dusy wanspout.

viurs newlesl 10 poweer vach mud of mansport in ouler o llusirae e
rechnical fcasibility of cach cnorgy camier. It is ditficulr o analysc o
neiANIe ENeTSY SYIRMS i1 & peneric AR er 6N 2 Woild wide hasis. This
s purtieularly true for hicenersy systeons with preos Aillerenees betwee
tries such as Brazil and temperate oceanie climates such as
can ha rampennded hy izies such ¢ pooularion densi
bl T aee pes capilo, clismatic vouditions ol vuergy infeus rue
e, Grelind, a3 an flomd nation with 4 Lsmperalt ucvumis climute, @
velarively dispersed papularion and par Tail casnactivity, i represcn:
Tative af connrries at will e heavily

ssull s rvad B Cor meny ¥
usc Treland as a case sody ter che land erea Tequited wo produce aleemna-
rive fiels ar che scales requirsd. Turthermars, wider impl

i infrstoucture cvsls aud sfficwusiss

emissinns from the rosd hanlage, shipping and aviation scetors (Step 8,
g, 2. e the ies: ol the authuers” kel edge his is the st revle 1>
provide such a bread ruview uf e powndal wankwags w dscarbonise
the hcaney-duty fransport sceron

2. Sectoral anslysis
22, Mortime shipping

20,1 Secraral avereivw ol clasiiicnion of shipping vessels

The waritie shipping seclor corrivs apprvaialyy 805 of globul
rade by volume. &nd 70% by value |34-36]. There are aroone 90,000
merehae shifs in service glaisally, and significant vastian acmas the
el enisis Cloble 2, will vessels typueally cutegorised by purpuse
(gouds. passcagers, sorvices), slae, and carying capadty 371, Vessels
uscd for difteren: murpases have differing requizements in ferms af fucl
T peopilibn (]

Gentral cacgo ships, pusscuger ships, and work vesseh are the mest
enmmon ship fype by number slobally, vetts raast of these being small
and medium sized vessels wsed for sharrer shipping, distannes, Gnn
venely, Juoge wd very Jaye ships unke up valy 20% of L globul Qe
by number, buc account for 82%, uf the
£RITiGrs, 13TkeTs and consinar SIS make up tha mafor
ey Toege vessels, canrlug ou o shipying 1eade and aecaiwning
e 70w e shipping seetoes Cuel demand (241,

The roure models alse alfoet vessel and thercfore fucl ehniee, Targer
medern vessels are able ro f2ke advancaga of Apanamiss af seale and are

Upically wsed vn Jonger interuational routes (lecp-a slippiagh wilh
smallir often older vessels domimating passenger anil costalinlimd
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