
FACTSHEET

THE LOGISTICS OF 
HYDROGEN
One challenge numerous countries face 
in the transition towards a fully  renewable 
 energy system is that locations with 
 ideal preconditions for the production of 
 renewable electricity and locations with 
industrial centers with a high demand for 
energy or feedstock are far apart. Hydrogen 
and its derivatives are a means to bridge 
that gap but each path has its unique 
 advantages and disadvantages. 

Hydrogen Characteristics

Hydrogen is colourless in its pure form. Its density is 
ρ = 0.0899kg/m3at0°Cand1.013bar(normalstate).
This low density leads to a low volumetric energy density 
ofonly3 kWh(LHV)/m3 at atmospheric pressure which 
makescertaintransportmodesofhydrogeninefficient.
Compressedto700bar,theenergyrisesto1200kWh
(LHV)/m3. The chemical storage forms have an energy 
densityofupto9700kWh/m3.

There are numerous ideas for alternative ways of trans-
porting hydrogen like transporting hydrogen in its liquid 
form; storing it in ammonia or methanol or temporarily 
bindingitinso-calledLiquidOrganicHydrogenCarriers
(LOHC).

Eachoftheseoptionshasdifferentadvantagesand
disadvantagesdependingonthedistanceoftransport,
local  infrastructure and end-use. Modes of transport 
furthermorevaryregardingthetechnologyreadinesslevel,
economic feasibility and safety.

Pipeline transport

Transporting hydrogen via pipelines is the cheapest and 
mostenergyefficientmodeoftransportatscaleforshortto
medium transport distances. The comparatively low energy 
density of gaseous hydrogen is made up for by the higher 

flowvelocity,whichleadstosimilarenergytransportper
unit of time as natural gas. The operational pressure range 
forhydrogenpipelinesisusually50–200bar.

There are pure hydrogen pipelines in operation meaning 
thetechnologyisgenerallytestedanddeployed.Yet,these
pipelines operate solely on local or regional scale usually for 
connecting a producer with a consumer or a hub of con-
sumers. The hydrogen pipeline network on continental scale 
as envisioned in Europe and elsewhere does not exist yet.

The price of pipelines increases in proportion to the 
distance,butthecostspertransportedunitdecrease
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sharplythelargerthediameter,since,forexample,adouble
diameterresultsindoublecosts,butcantransportfour
times the quantity. This makes pipelines particularly useful 
fordistancesupto3000km,andevenupto8000kminthe
caseofretrofitsofexistingpipelines.

For transport modes in which the low energy density 
ofgaseoushydrogenmakesthetransportinefficient,
uneconomicalorlessuseful,hydrogencanbeconverted.
However,theseconversionstepsresultinalossofenergy.
The most relevant ones will be presented in the following.

Liquid Hydrogen

Liquefyinghydrogendrasticallyincreasesenergydensity
to2417kWh(LHV)/m3.However,therequiredtemperature
forliquefactionis–253°C.

Sinceliquidhydrogenisrarelyused,itisusuallyconverted
backintoitsgaseousform,whichmeansalossofenergy.
Therequiredenergyforliquefactionisabout12kWh/kg.
Thisprocesshasanoverallefficiencyof30%to33%.Fur-
thermore,liquidhydrogenisdemandingforthedeployed
materials,astheyhavetowithstandcryogenicconditions
at–253°C.

This makes liquid hydrogen interesting for short distances 
upto4000km,asalongerdistancewouldrequiremore
shipstomaintainaconstantflow.Sincepipelinesare
alreadymostefficientatthisdistance,liquidhydrogen
couldbecomerelevantwherepipelinesarenotpossible,
suchasonislandslikeJapan.Yet,besidesthelowenergy
efficiencyandthelowtechnologyreadinesslevelofliquid
hydrogentankers,theproblemofboil-offremains,as
currenttankshaveaboil-offrateof1–5%perday,mak-
ing large-scale deployment unlikely or dependent on 
 technological innovation.

LOHC

Liquidorganichydrogencarriers(LOHC)areanapproach
tohydrogentransportandstorage.LOHCrefertoorganic
compounds,whichcanstoreandreleasehydrogen.

Hydrogen is bonded to the hydrogen-poor molecule 
exothermically,i.e.,withthereleaseofenergy,ina
processcalledhydrogenation.Later,thehydrogencan
berecoveredendothermically,i.e.byaddingheat,ina
 process called dehydrogenation. 

TheadvantageofLOHCcomparedtopurehydrogenisthat
theyareeasytostore.Yet,mostLOHCarestillinthedevel-
opment phase. The disadvantages besides the low Tech-
nologyReadinessLevel(TRL)isthelowroundtripenergy
efficiencyof30–40%,whichcanbeincreasedifheatrecov-
eryisinplace.Furthermore,thehydrogen-poorpartofthe
LOHChastobetransportedbackmeaningthatthereisno
one-waytransport,butacyclemustbecreated,leadingto
economicinefficiencies.Theoptimaldistancecannotyet
bedeterminedduetothelowTRLandthereforeunclear
costestimates.Nevertheless,incomparisontopipeline
transport,LOHCwillmostlikelynotbecompetitive.Asa
result,LOHCapplicationisconsideredmoresuitablefor
ship-basedtransportoverdistancesexceeding3000km.

Ammonia

Ammonia(NH3)isahydrogen-richcompoundthatis
 particularly relevant for the production of fertilizers. For 
morethan100years,ithasbeenproducedusingthe
Haber-Boschprocess,makingitagloballytradedgoodand
resulting in established infrastructure.

Ammoniaisliquefiedat–33°Catatmosphericpressure,
butatapressureof9bartheliquefactiontemperature
is20°C.Themostcommontransportmethoddeploysa
combination of these two approaches.
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Liquidammoniahasasignificantlyhigherhydrogen
contentthanliquidhydrogen.Liquidammoniaat1barand 
–33°Ccontainsabout120kgH2/m

3 compared to about  
70kgH2/m

3forliquidhydrogenat1barand–253°C.

The disadvantages of ammonia are the toxicity and there-
forerequiredsafetylevelsfortransport,aswellasthelow
roundtripenergyefficiencyof13–34%.Yet,duetothehigh
TRLandlessdemandingproperties,ammoniaispromising
especially for long-distance transport.

Methanol

Methanol(CH4OH)isanotherwidelydiscussedcandidate
for transporting and storing hydrogen. Methanol is liquid 
at room temperature. The volumetric energy density of 
methanol4900kWh/m3. It is a widely traded good with 
infrastructureinplace.Theroundtripenergyefficiencyis
23–38%.

Besides the existing infrastructure and the liquefaction 
conditions,methanolisalsosignificantlylessharmfulthan
ammonia. The disadvantage of methanol is the required 
carbonatoms,whichifreleased,formthegreenhouse
gas CO2.Furthermore,thosecarbonatomsneedtobe
of renewable origin for the synthetic methanol to count 
asrenewable.Yet,theadvantageouspropertiessuggest
 applications for long-distance hydrogen transport.
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