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LNG FOR ALL TRANSPORTATION:
READY, WILLING AND ABLE

Since the turn of the 215t century, LNG as @ vehick propatsion fued of cholos has been galning populanity
woridwide @3 IGU affillated organisation NGV Giobal reports. By Dr Jaffrey Seisior and David Peery

Commenctal Fading of LNG bogsn n
1964 and, for he naad Tuse decadas,
aforont visionary engineans aested
20ma Innovative LNG proof-of-concapt
wahicios 1o on- and off-yoad appictions.
But it wasnY untll the wn of he
naw century that LNG ook hold 25 3
ogrmate fel NGV and LNG stako-
holdars bocme enthusostic that LNG

had 20k to play 35 3 desnat, econo-
micl 3nd vibie fel substiuts for
deswl Today, hare am naw dedicated
LNG gas anginas for ucis wih
Improved performancs and drhability,

an IncRasing number of LNG-poward
and ING-a0y marne veuols, moR
and mom sTallscie ING opertions
% support the fualing Infrastnctur
for on-10ed, ofyoad and marine
Tansport, and mor truck-oading
fSces 3t ING fermingks.

Max Buttier, Diactor of Applcition
Innovation for O 3nd Gas for Emarson,
2 supplar of LNG mataring and NGV
Giobal Boand Mamber so0s he
momentum condnuing and aatendng
furtter Into @il applGitions. He ako
points out it Chira & eapanancing
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axtraordnary growtt; Europe's LNG
truck flest and Infastrucius s
axpanding: India’s major of companies
2% planning NG comidors; and Oima
and Russia 3% buliding 3 Pan-Eursla
NG refualing natwork.

Lars Martenwson, Disacior
Envisonmant and Innowation 3t Volvo
Trucks 3groes with Buttior: "Our vision
for gas s that it wil be the major fual
Atemative 10 desal Wo o gobaly 3
shift from diesal'oll Sowands gas not
only for road Sansport but in many
trarsport and Industry sectors. There &
ak02 Wy posiive momentum from
tha anangy sacior with Investmants in
procuction and Sling stations. And, In
the and, 3 graat Intasest from Customers
who look for SRamatives %o diesal and
think LNG b the best solution”

Oa the road with LNG

The heavy-duty tansportation sctor
& capactad 1o play an incusing roie
n the global economy. In Europe,
ratural gas helied tucks aro boing
Jdopted 2 competitve Jtematies 10
e, ewidanced by growth from near
2or0 fous-10-TVR Years 300 103 fect of
rearty 4,000 LNG trucks Soday, saports
NGV GlotelaMiznd 2sodstion
NGVA Europa.




LNG trucis are able % travel mos
#an 1,600 km bofoss refualing rom
a retwork of 155 Mling statioms. Con-

2072 Their CO, emissions are 20-100%
lower comparad with dessl, dapending
on chola of 6], aliowing tramsport
oparators 10 tka big sops towards
sstanabis transport. Powered by
aithar 3 420 or 450 hp enging tha FH
LNG and FM LNG dalhear parformancs
and produciviey on 3 fer with agus-
valont diesal Voivos. Thesa LNG tnucks
Join smitar truck offanngs from

Daimier, IVECD and Scnia, providing
@xpanded choks, durability and ange
for freight mowement 300ss Europe.

Necrwhile, Chirg & tha hottest
markat for LNG with more stringant
environmantal polices peoviding
noused motvation for 2oquirng
NGV Some 350,000 LNG whicks was
opacating In Ching by e and of 2017,
sfwiied from 3,100 sitiors. By he
and of the 13 Fve-Yoor Plan 2020, 1t
& antiopatad that the numbor of LNG-
fseled vehices will ssach about
700,000 wnits.

Tha major push for deaner trams-
portation In Ching has ghven e to
confSingr trucks, In-tramsk cement
mbees, dump trucks and buses
major applctions In dty environ-
ments, with port-seiatod vohicios
banafting from ready acoess to LNG
sfweiing fadities.
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Wostport Fusl Sysim's Naddge
Lackrcg, Director for Markat Davalop-
ment in Ewrope, obearwes that aven
though China has the Stest grow of
LING 25 2 Pt for the tramsport secto,
Europa s 2150 showing 3 number of
postihva growsh sigrals: InCased
Ongral aqUIPMent ManutCaRT
10Ny partiapasion. agamion of 18
LNG safusiing ratwork n many
countries 2.5 Spain 39 stons, Frane
27, Nathertands 26, UK 13) and
InCRas0d and-usar damand, primarty
driven b the retall sector, which &
ShiNINg %0 aitamatve ok for astain-
abiity and reduced emtsions. t has
bean astmated that at kst 40 LNG
Miing stations wil be roquired to
snabie domestic transport of goods In
Germany, up from the presant four.

Lackescg Is eacited sbout tha Rutuss
for natucal gas engine and assockind

This O Nzt druck wes o of Bw particpent it $h Lax ez Maton MGV rally sduch vered 9 887 b dvtwwen Rudong it o and & Petsnbug
Ruzma, Septersder 4 o Ocodwr 4 X748
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farope’s LNG refaefing networt 8 epanding - ¢ 233on In Potedem

Rcnologes, which she Sys an te
mproved. Preliminany analyss nd-
cates the Wastport high pressure doat
Injoction (HPDY technology (tha HPDIE
207 fued systom was launched In
Ewrope In 2017) has the potantial o
achiows oven graatar CD, reduction by
2020 compared to curent diesal
powertin, thanis % anging affc-
ency mprovemants. This progress wil
ba enhanced by vehica tachnology
dovalopments seited % diveing
effcancy, serodyTamics, bres and
ohar adances, In the Sma way 25 for
3 desal truck.

Erfk Postma, NGVA Europe’s
Tochnical and Raquiatony ATas
Marager, drgws amantion 1o futuro
dovalopments In haawy-duty INGANG
Sngines that have bean deMonsYaRd
In the Hortzon 2020 HDGAS projact
(wwwihdgasey. They show the
potantal 1o nouse engina offick-
encas by 10% compared to cumant

state-of-he-art lachnologias. Into-
gration of natural and ranewatls gas
Schnologies In tytrid powertain
architectures on heavy-duty appl-
Gitlors also has grest potanttal.
Acoss the AtSntic, Todd Siaan,
Sanlor Vice President, innovation and
Buinass Developmant 3t Aglity Fusl
Solustions (100% owred by Heaagon
Composies), Svs the vabity of LNG
& 3 tansport Aual In the North
Amanican heavy-duty markat i
depandant on sevaral factors Induding
commodity price @Meciad by he form
of sounce gas In 3 pardcular reglon),

and OEM product JalabiRy. Sloan
does not o the pace of demand for
LNG trucking In the US amping up 25
In Europe and Ching. In tha US, he S,
he markat sppears 0 have stabised

on 3 prironcs for ONG 3s the optimal
Aot o desel

$0 LNO for all ransportation: Ready, willing and able

Cummirs Westports angs of
2018 ratucal g engines ncudes the
LN 2nd ISXTIN which 2 the lowest
cartfied NOx amision angines In
North Amanc. Sufibia for seghoral
haul truckAracion, vogbional and
wfum sppligtions, Ty am cartified
10 EFA and CARB low NOx amissions
standirds of 002 g'bhp-br, 3 90%
Rauction from angines operaang
at the cumant EFA NOx mit of
02 gthp-tr.

As of 2018, tha UShad 180 LNG
stasons and 4,034 vohides iming
on LNG. The LNG wehico market &
domingiad by heavy-duty, lalum,
trarst and Class 8 trudcs. The hagwiost
concentmation of LNG stations Is in
southam Gifomis and slong e
major o roumes Yo/hom adjacant
statos. Thass am 3o off-sosd mining
and construction vehickes unning
on LNG.

On the saas with LNG
Tha seguitory shot 30053 the bow
for the martime Industry hat opanad
tha door for LNG Gma In 1997 with 2
new Anrex (V) 1o the Intarmasional
Convention on the Fravention of
Follution from Ships (MARFOL)
2doptad by the Intemational Maritime
Crgeniation dNO). Annax VI Gme Ino
0002 In 2005 and 35 regards NOx and
SOu amission Bmis:
= Thar | NOx amission requiations
waro retroactvely 2ppled to
ships bullk Jftor nuary 1, 2000;
Tiar Il Gma Into effect In 2001;
and Tier B n 2016, with Imits
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CGategorisad by diessd engne

powsr cutput
= MO requiations for SOx amisions

from ships frst Gme Info force In

2005. From January 1, 2020, the

sulphur Gp for diesad fual off wsed

on board ships oparating outside
dedgnatod Emission Control Aroas

(ECAs) will be raduced to 0.5%

m/m (mass by mass).
= Evan mong stringant requissmants

apply In Sulptur Emisions Control

Araas (SECAs) In the Baitic North

542 and on he cossts of tha US

and Gracs, when vemsals oparate

within 2 sulphur Imitof 0.1%

AMeditomanean ECASECA L

propasad for 2020 and mastal

o In othar parts of the works

(g SSpan, Contral Amenica) could

follow In fsture.

IMO has 30 Srgetad 3 S0%
sduction of CO, amissions by 2050,
2l good news for LNG In the mark-
fime sococ

In 1999, tha Norwegian company
Marintak designed and launched the
Gluivg, the first passenger and Qr fermy
10 run on LNG. Since then, amibaang
LNG 25 2 maring fual has lod to vigos-
Ous Sconomic JCEVRY for shipbulidars,
ship ownars and operatons, bunker
suppiians and port Juhorities. DNV GIs
Alprmative Fucs Insight JAF) platform
sports that 35 of January 2019 there
wor 1464 UNG-heliod vossols In
operation and 132 on order; 282 In
ol Adatorcly, here o 139 LNG-
Rady vessals, designed to ccommo-
4% ING rotroft ysioms

Qu'pssangar imes and offshom
Supply vessols dominat tha LNG
shipping Moct with 37 and 22 wumals
In opacation respactively.

Given that shipe ke years to pan
and bulld and wiil e In sorvca for
decdes, e growth for LNG In ships
ks dramatc. Despite othar fudl and
Sachnology options, LNG will play
asgnifcnt ¥ not domirant roie In
e workdwida shipping Industry Imo
e future.

As of August 2018, DNV GL reportad
&0 loctions workiwida that supply
LNG for 52300ing wassals. "Bulicing
approwals” and “under dsaussgon
facies” aach equatad %0 about the
=me number, themty potentilly
Tiping tunkering Infastructue e
The count Indudes local storages,
bunikar ship loading fadities and tuck
kedng facdBes (loc2ons with muts-
pie buniening modesTaclitios o
couniad 5 one).

Europe
In Ewropa, LNG was prohibited by the
Contral Commission for Navigation on
the fhine ([CONR) from Being wsed on
nind waterways undl 2012 when
Shall secaived 3n capmption 10 oparan
ona of the first Inknd waarway LNG
ships, the Angonon. CONR reguiations
for fuck-20-ship bunaring ame nto
o002 In 2006 50 mose LNG ships am
s to foliow 2 e fusling nfa-
sructue axends

Tha French Iinar sanice opactor
OMA CGM has speciiod dual-fuel
anginas for ning naw 22,000 TEU
continar shipe, which will be pro-
paliod Ly the Rrgest gas-buming
anginas awar Dullt and Mad with
18,500 m" buniar tanks. Thay will
b dafivarad betwaen tha tum of
the yaar and the and of 2020, and
will be the Qrgest ships that Jre not
LNG cammiars 10 be powerad by LNG.
Thelr sixe maans the loss of crgo

1ooe b cavwey tw ot (7 L300 10 grawing feet f LNG bunker vezals ond carsmencsd
apevetom i tw Bot Sea i Deceder XTL
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ANDANOVI erteree’ sarvics ko Decarsber 2018 on' & the Snt o tNp 12 2w LVC ot we

space for LNG tanks & minimised to
2 1% perity. Thay will be sarvad by
2 purpos-bult LNG burnkar vessal
(operated by Total Marne Fuals
Gobal Solutions) with 3 Ggacty of
18,600 m’" - thoe times the dx of
ha lrgest LNG bunier vessal
cumantly n service.

na
Unconfimed reparts suggest mos
#han 280 LNG vesssls trawens Chinas
riwars, 3nd More are coming. Ching's
first LNG-powered passangar ship
began SiiNg out of Zhdng Cty
Huran Province In Late 2017.

The Chinase Ministry of Transpart
has axtanded Domestic Emission
Control Assas (DECAS) 1o Indude 3
comstal watars and nkand water-
ways. A naw sguistion, lssued on
Nowembor 30, 2078, states that
® From Lanuary 1, 2019, he sulphur

3P %or 563 guing vemats operatng

In the DECAs should not aecoad
05N m/m

= From January 1, 2020, the sulphur
Gp for 3-going vessal recuces
to 0.1% mm when cparating
In the niand rver amission
control 253,

= From Jamsary 1, 2022, for sa3-
going vassals he wiphur Gp &
st 2t 0.1% m/m when operating
In the coastal emission control
e In Hainan watars

» The sulphur Gp for 53-going
vessals whan operating In the
coastal emitssion confrol area on
and Mer Snwery 1, 028 s he
subject of 3 faagbiity study but &
Bhaly %0 be st 3 0.1% m'm.

The Incian fegE! of ShippIng
#RClns) axpanded R Ruies In 2017 %
ambom LNG felied coxstal and

nknd vessak, anticipsting the

Introduction of Claner transportson
on INdia's Inkand watraays 35 part of
ths governments push fowand 3 G-
based economy.

Germany

Gamial Corporation AIDA Crutses,
based In Garmany, nboducsd I

$1.7 billon LNG-Tudiiod AlDAnova Into
sarvice In December 2018 Some of
ADAY othar ships feve dual-ual
engines Jliowing tham to usa LNG In
port, but AlDANovD & he world's st
Crusa ship 10 use ING at 502, The

183 900 GRT vezsel will 5000 be joinod
by 31 momo ships, elowating arutse ships
to the sacond Brgest of DNV GLS

tracked vessel Gitegones.

Russis
Sowcomfiot, Russia's bngest shipping
company, & gradualy swiching its
tankar Mgt from haavy fuck of to LNG.
Tha first of six ¥ be ordarad, Gagan

LNQ for all transportaticn: Ready, willing and able %2
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Prospact i tha workds first operationsd
LNG-fusiiod Afamax cude of Snkar,
compieng har maidan voyage n
October 2018

Standards promate safety and
legtimacy

150 standaxds for marne applictions
and bunkanng have been publshad or
% undar davelopmant. In lanwary
2016, he DNV GL"Gas Fuslied Ship
Instigtion” ks Gme Info forme 35 well
25 2 DNV dasinction for "Gas Ready”
ships; thosa that can be sebrofiad 1o
mun on LNG/dugi-hed. The Sockety of
nismatonal Gas Cmier and Bemiral
Opacators (SIGTTOY, he Sockty for Gas
25 3 Marng Fusl (SGNF) and other
nimatonal and rational ongankations
% o praparing 3 varkety of LNG
sfoty standords, quidalines and best
practces kted to ships, sorage and
fusiing. This will provide the addtional
ogRmacy hat LNG 3t 553 5 3 =00,
economicl and anvironmantally
friendly option to dirty maring fud oll.

LNG on the ralls

oy INdusTY visonaries In varows
parts of the worid have ako been look-
Ing 3t the potential for LNG %0 replace
daesd Inc the 1990= But ham s no
Rguat0ny amework I any Rgon
gobaly that formally and spechicily
aliows ING-fusliad engines, tramport
and wling Infrastructures outsids of
exparimental i259ng, demonsyations
or axampions. Currendy, reguiatony
uhorities In wrious countries - the
US and India baing two - 25 ovalu-

Gagarn Fragect & the it LVG faelied Atercs cu of ok

ang the dawslopmant of regutations

Tt could open he sactor for LNG.

® Russi has beon vary actve In !ils
SOCh0r over tha past few yoars In
2018, Russon Ratways announcad
plans 10 Incraasa the fNiect of g
turbine locomotives 3nd shuntars
powarad by LNG from theee 10 22
units by 2023 The locomotivas wil
operatn on Me Sverdiowsk Raway.
Gazprom and Sinas-Transport
Machings (STM) hawe antarad Into
3 contract whenaby Gazpromirans
(3 subsidiary of FISC Garprom) will
amquire 2¢ LNG-fualied shuniing
lomomotives.

= Tha European Commission
Connecting Europe Faciity (CEF)
approved funding for LNGHVER
Infrostructure and Logistics Sokutions
- 3 project coondinatod by Enagas,
which Jims to boost the use of
LNG 25 2 Tual for maritime and

ral transport.
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= Tha first tests In tha EU of 3 train
powsrad by LNG got underway In
the provinca of Asturias in Spain In
January 2018 The aim of the
project Is to anatysa tha potantial
emironmental and aconomic
advantages st nawurl gas an
prowica In a3l ransport wsing non-
clectrifod Ines.

» Canacian National Raway
Company (ON) tested cuai-fual
LNG trains In 2015 with EMD loco-
motives and tander cars suppliad
by Westport

= Florida East Coast Raliway has been
operating on LNG since i3te 2015
and compietad the comvarsion of
Rs anfire mainiing thru-haul Nioet o
run on LNG In 2017.

» Indonesi’ off 3nd ges corparation
PT Partaming (Porsaro) and ralway
company FT Kareta Apl Indonesia
(XA, both stte-owned, began
testing LNG In late 2016,
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Spets LNG raf tul & o' Sy nomtondd cpevetor R wo st g seth N gy, fnagds
and Bureou Mertm

A compigtaly now fual delivery
nistruchss for LNG wil love 1o te
CRated 10 wrve the raiway sactor
This will reprasant Similor chollenges
25 the iway ndustry apenanced
whan making the tomformation
from steam engings 10 dasal But
1he economic meands for the gas
and gy NOYies would b
SNOIMOouS, 35 would the clkan 3
and dmate benafts.

LNG with wings

In 1943, 3 Rumbn hallcoptar damon-
s¥atnd he first Jrbome potanttal for
LNG. In onucry 1989, following It
malden fight on Mydrogen n Aprl
1963, he Tupdiev Tu-155 became an
arbome NG "Bbortory”, making 2
1o of 70 Evropecn Mights In ks
Motima. Its anga was 2600 km.
Sihaa the tum of he 215t cantury other
LNG Jrbome concepts have boon
emesionad by reipactad con pen ks
and instiutions such 25 Boeing, he
US Natonal Aemrautics and Spece

AdminEtztion (NASA) 3nd he Russian
Space Agancy, Roscosmos.

ING-fusliod 3r tarsport could be 2
commercal malty but not In the noor
Atue. When LNG In the other trars.-
portion sacions achiowss the sotus
of 3"Tudl MSmawe” and not just an
St Ul 3nd the Sty
realies and parcapBons 2 resoived
In 3 reguistony famawork, here
should not be techaical barriers to
s¢ing commeancially valabie LNG-
fuoliad JrTaft In the meantime, LNG
ST technology roadmaps 2 on
e radar scRen of some gawarmmants
and Jroaft industries.

NG policy drivers

The EU propasad its frst (0. ogu-
Etions for heavy-duty wahickes In
M2y 2018, with amibisous targets for
2025 3nd 2030. Tha naw seguition,
which ampioys 3 Glosason tool 1o
decre (0, and fsel consumption,
& Ty %0 boost the doploymant of
2l solusions that cn educe (0,
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embgons fom ucks, nduding
ratumlgas

Voivo woicomes he new loghdon.
"Hegwy-duty Tucks ocount for roughly
5% of C0: emisions In Ewrope. This
will naed 1o be RduRd FMe EU B 0
meet s Amate goal of reducng
geenhou gas emission: from
trarsport by 30% by 2020 [compand
10 2005 lovais)” Martenson, looking %o
his ond-usors, sttes 1wl make it
aasier for our austomarns 10 salact 3
fsclafident vehicka with lower (0"

NGWA Europe Is working with s
mambars and Europaan perners 1o
undering the Importana of natural
and renawabia g2 2 viable solutions
et an ma an mnedates
confribution 1o decarbonisation and
mprove overall ar quaity. Whike the
N3l (0. emissions regutation
proposi considered only aaxtoust
embsions, NGW Ewope s 3k0
obbiving for the mplementation of 3
specic mathodology %0 account o
the banafis of enawabie fuels, which

T viows 35 3 pRgTatic, tanspant
confribution 102 'Wal-1o-Whaa! (WTW)
appeosch qther than just masswing
axhcus emistons. This moss holistic
approach 3k tands 10 highight the
potantal contritiution of enewali
mettone, somathing Tt neads
grector vishilty.

From Emenson’s panspective, one of
the chalienges to aapanding LNG 253
wahide fual has bean logal metrology,
dnce he composition and, thus, the
enargy content i veriabie. Mathods to
o0uxtsly measse quantties that cn
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b trusted by both parties n any
tarsaction am esentsl for confidence
n the markat phca. This naed for Tust
DOCOmes aver grester 35 the markat
Qrows D eNcompaas Mo and moR
partiopant and transactons of il
siros. Emarson’s Conolls Sow matars
offer he ldaal solution for matering
ING bocuse thay can messure mass
dsactly and scourataly 3t cryogenic
Smpactunes. Pars of meters e
wad 10 Maasss Dot e Iguid LNG
s0id 3nd the ING vapour mtumed to
the 9rsiam.

Logal matrology standands CoMBnue
10 be dovsloped gotally to address
point-of s2ie k503 12.g. e Intr-
rasonal Organisation of Legal Mato-
ogy (OINL) s 2dding an annex on LNG
10 13 ecommandation for dyramic
measuring Systams for dquics othar
than water R-117).

Despita 2l the posithe davalop-
ments, chalienges remain. LNG Snds
10 ba comidared 35 3 Dridge el rathar
than 2 long-%rm solution 1o deGrbon-
52 he tansport actor The viabiity of
2 large transtion to RNewabe gas
this soctor neads to be made mome
visbie, particuarly with sagands 1o
economics and Dedstock avaibbilty,
but 2o the reiated emtsonmantl and
sodal banefis of this “tirculbr economy
option” compared to oMher "deen
mobiRy” soblsons.

Tha Nay 2006 Industry mport ‘Game
(hanger: Next Gareration Heawy-Duty
Natural Gas Engines Fualiod by
Renowabio Notural Gas* by Gladsin,
Neandross and Associates nots that

whike tha potanal for ronewabis gas &
Rrge, tham re sl Sgnificant bariors
0 ovexome. A combination of Incan-
Swas, public and pevate vestments,
and rew of amandad reguiations will
be needad 1o matarally Incoase he
250 of oegRnic Wask sTuams 10 pro-
duce the Brge volumes of enewabia
gas fuel neoded In the tansport secioc

Lockscg observes that despino this
Bk of darity on tha long-term
riavance of LNG and Dio-ING 35 3
vehick fugl, the number of Europesn
wsors who baliows and vast In this
solution kaeps Inceasing.

In 30dion %0 the need for 2 WTW
approach, NGVA Europe's Posama ako
Mnds e uncersinty 2uockind with
s duty among EU countries to be
a2 dotarmont to markat growth. One
Ewropaan country INCressd auce
duty on LNG rocantly without waming.
Formit fanding for LNG Infrastructuss
deploymant should 3o become mom
sbaamined, he 30ds

s of natural gas 253 sl Ao
% patroieum.
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"Today, LNG & 2n effecthve and
kbl partner In hhe drive toward
deanar mobillty. Tomonow's poss-
billtes Jre axtraordinany,” savs Bandon
Geote, Chalrman of ha Board for NGV
Giotsl and Temportation Narket
Maragar 2t Swageiot. "The abundance
of natural gas, the rising tide of
snewsbie natural gas and the con-
tnwed technoiogical 30vanmments
that furthar improwe e Jssady
posdtve anvironmantzl barefts a0
helping to sat LNG apert 25 3 market
Eader In tansportation el wse for
the futun.

NGV Giobal admowiodges 2l
Eadars of growth In this nosasingly
dhwanra Industry. The continuad
mestmants nfo the worlds LNG
niEstrucss and achnology 2%
piwotal In growing the fsturo
downstream demand for ING3s 2
trarsportation el For 38 Industry
staieholders - DENS, suppliers of
SQuipment or g5 and and-Lmars -
now & 3 graat Sme 1o be vohed
n the natursl g Industy”

Grote concludas.

Dr Jettey Setsier, CEO of Cleon Fueks
Consuiting & sesponsbie oy NGV
Glodals infemational reguiadorny
Sctvides of the LIN Economic
Commision b Exrope. Dovid Pesry s
NGV Globaf's Business Manager and
Nows Editor. NGV Glodal Shanits Is
POSOrT ond memmbers who bowe
contributad fo h armicke. For Rarther
Information, confact admingngvglodal
oy or vt mewngwglobalong



