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WHAT DOES IT TAKE TO CARVE A PATH TO ZERO IN 20507?

According to current scenarios, Biomethanol and
Biomethane will not play a significant role before 2035

Scenario: Activating all critical levers and introducing a flat global carbon levy of USD 230/tCO,-eq
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- Biomethanol Biooils

Biomethane

XX Emissions in GtCO,-eq /year e-methanol [l e-ammonia

- e-methane - Blue ammonia

XX Energy demand in EJ/year

~1.3 ~1.3 ~1.0 ~0.8 ~0.5 ~0.3 ~0.1
~13.2 ~13.2 ~13.1 ~12.9 ~12.5 ~12.3 ~11.9
2020 2025 2030 2035 2040 2045 2050

Source: NavigaTE
Page 3 1 Read more about ammonia cost assumptions in Appendix A4.
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Ammonia may play a central role in meeting the
maritime industry’s overall energy demand
during the transition on a Path to Zero.
Ammonia’s share in the fuel composition could
steadily increase from ~16% in 2030 to just
more than half in 2050. This has two main
reasons — firstly, ammonia may be the cheapest
e-fuel (fuel cost and vessel TCO) and secondly,
ammonia may be the only relevant blue fuel.

Biofuels likely play a role as their production
throughput, technological maturation and
supply chains reach necessary scale:
bio-methane with a primary role from 2030s,
and bio-methanol and bio-oils impacting the
fleet mix from 2040s. Lastly, other e-fuels

(e.g., e-methanol) may not play a significant role
in early years of transition, because of lack of
cost-competitiveness?



Yearly development of LNG fuelled fleet

®|In operation ®On order * LNG ready

1000

229 229 229 229

= Methane as the fuel of
the transition is a
“"Ean. reality:
o ~400 ships fuelled by
o LNG are In operation or
iy 115 ! On order today
; _—mmmﬂﬁHHH”H
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Alternative Fuels Insight (dnv.com) Maersk Mc-Kinney Mgller Center
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https://afi.dnv.com/Statistics?repId=1
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But is this the right way to go?
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LNG as bunker fuel

— The bank shocked many with the

publication of a maritime decarbonisation
report in which it specifically recommended
that countries pull back from investing in
further LNG bunkering infrastructure

— MMMCZCS assesses that marine engines
may emit up to 7% methane (engine slip

and fugitive)
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https://splash247.com/world-bank-takes-its-anti-Ing-stance-to-the-imo/

World Bank takes its anti-LNG stance
to the IMO
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https://splash247.com/world-bank-urges-governments-to-stop-spending-on-lng-bunkering-infrastructure/

Page

apIxo1p uogied

°C
2.0

1.5

1.0

0.5

ﬁﬁi

? 0.0

. |
1
.

Anthropogenic methane emissions
1.0 have contributed to ~30% of

sppcrp nucins S
o
N

i £ 8 2258 8 § % 3% % .
g § 4 & gg,% 2 8 7 %‘g g observed global warming to date
g ) o *] IS g 5 & 2
¢ 8 238 ¢ % 0% gad
cQ Y
S
§ Maersk Mc-Kinney Mgller Center

for Zero Carbon Shipping

Contributions to 2010-2019 warming relative to 1850-1900 assessed from radiative forcing studies. https://www.ipcc.ch/report/ar6/wgl/downloads/report/IPCC_AR6_WGI_Full_Report.pdf



Biogas is an excellent vehicle of chemical building blocks

e-Hydrogen
(H,)

55% Methane

I (CH)
m 45% Biogenic
Biomass co,

— = _
LIC]UIﬂEd Storage
BioMethane
BioMethanol On-board
fuel combustion
Digestate Soil
amendment
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... but uncontrolled emissions may be everywhere

——

Open manure siorage
o mbong lank

Protreatment
har

Hygenzation and
homogenization tanks

Possble GHG emissions from

o leakages (screw conveyor when
dgestate filing level in the
fermenter 15 10 low, CM )

* open s0red substrates (CH,,
NH, NO)

o mixing periods (CH,)

Substrate storage and feeding Digestion. includng Processing and storage of Spreading of dgostate residuals. Bilogas utilization, ncludng

units, inclodng o digester, post dgester and digostate residuals roludng ncludng o combustion in CHP

o Cpmn BUIdSoRd MaNuM SIFage gastight covered digestate o openrol gashght camned o s0id fraction o DIOGES LpGradng 10 omethane

o miing tank slorage 1000 tark o Squid fraction and injection in the natural

o SCrow Convayer * miscelaneous gas-bearng plant | gougaquid separation o N0t SOPArated FAcon 908 grid
COMOONents e Gas Dipes

* o bofiler

o Flare (f operated)

Possible GHG emissions from:

* leakages (e.g fodl roof, gas
pipes, oic. CHy)

* Oparabional and Sme-vasat
emissions from PRV (CH)

* diffusion through blogas storage
foil (CHL)

o 10 the bofiter conducted
emission from pretreatment of
bio-wante (CH_, NH_ NO)

Open/not gastight covered
GQestate sicrage

Possible GHG amissions fom

* open dg GO e 10 rescual
G potential and do-rirficabon in

surface crusts (CH,. NH_ N.O)

o heaps when insufficently aerated (CH,

NH_N;O)

* operation of a separator (CH,)
o open storage of sokd fraction (CH, NH_
N.O)

Possible GHG emissions.

o off-gas (CH. sip. N.O)

o loakages nside the CHP
contaneriroom (CH.) conducted

Uy e venbilaton system

=05

Poasbie GHG emissions from
o $preading due 10 residual gas
potential and de-/nitrification and not

professional incubason (CHy, NH,,
NO)

Possble GHG emissions from

o CO-off-gas (CH_sip)

o leakages inside the containes/
room (CH,_) conducted by the
vertilation syshem

o operabonal and Lme-variant
oemissions from PRV (gas
comgressor, CHY)
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There may be more:

~N

Barn
operations
* Deep litter

management
* Aeration

Insufficient technical
solutions

* Lack of temporary
storage for rejected gas
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https://www.ieabioenergy.com/wp-content/uploads/2018/01/Methane-Emission_web_end_small.pdf
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Our purpose here today

* Understanding the industry and the supply
chain
* Are emissions an individual
responsibility ?
 Measurement methods — accuracy,
reliability, affordability. Are they forward
looking?

 Remedies and best practices. How good are
the best in class?

* |sthere more we need to consider?

o
i

Maersk Mc-Kinney Mgaller Center
for Zero Carbon Shipping



Mazersk Mc-Kinney Mgller Center

for Zero Carbon Shipping

£
(@]
(@]
(eT0]
c
o 3
c 2=
nlh
Qg5
(eT0]
Cmm
©
(@]
....mMo
rlr
o S8
o 5%
QO @ ¢
(a7 8
©
it
| -
(]
o]
(@]
—




