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Figure 7. Methanol Production Pathways

CH ,OH

nr‘ athanol

Gasification/
refarming

Reoieywable

Electrolyss

2
Noti-Kenewitile c H o H
3
Carbon capture whEwatie Bl rmethanol
and storage
(CCS)
* Nan-srindnbie
Reforming

High carbob
ntonmity

Gasification p=f|  Syngas

Source: IRENA and Methanal Institute, 2021

B Fossil methanol

RENEWABLE METHANOL PRODUCTION FORECAST B Bio-methanol
B E-methanol
IRENA is projecting that global 600
methanol production would increase s
from 100 Mt currently to 500 Mt in € 500
2050 (Saygin and Gielen, forthcoming) -
based on the Transferming Energy .-9_- 200
Scenario. This increase would also g
need to be accompanied by a shift g 300
to renewabie methanol (Figure 47). a
In 2050, 250 Mt of e-methanel and e 200
135 ML of bic-methanol are estimated E
o
=

to be produced annually; this is an 100

ambitous yet realstic transformabion -
pathway built on renewable eneray
and steadily impraving energy

efficiency. Figure 47. Current and future methanol
production by source

2020 2050

ENDIRRSE 2030, Mision: Transicion Energética
Anexo F: Combustibles limpios para el transporte
1de13



Figure 1. Expected Availability of Alternative Marine Fuel Technologies - DNV Estimates
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Table 1 Seventeen aspects of the new energy landscape and potential impact on ports
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PUEBLA

Main locus

Maritime  Water-
transport  way and
IWT

Quays Terminals Storage Portarea  Hinterland

networks  conn
tions

eC-

A. Port
Al. Energy saving

A2. Decarbonisation port equipment

A3. Onshore power supply (OPS)

A4. Clean fuel bunkering

AS. On-site renewable power

Lighting, energy storage/recovery systems, smart
energy management technologies, energy
efficiency improvements in buildings (such as
upgrading insulation), and electrification of
mobile equipment

Electrification through retrofitting or replacement
of existing diesel port equipment with electric/
hybrid drives. In the future, complementary
1o batteries, low-to-zero carbon fuels such as
hydrogen (combined with a fuel cell or engine)

Seagoing vessels and inland barges are (partially)
supplied with electricity from shore. In the
future, also batterics on board ships could be
powered with OPS

LNG, liquid Hydrogen, Ammonia, and Methanol,
are currently foreseen as most likely maritime
fuels. Regardless of which fuel. or combina-
tion of fuels, is chosen. ports must plan now
(fuel availability, emission targets, safety and
handling requirements)

Localised encrgy generation from renewable
sources such as solar or wind. If linked with
Energy Storage Systems (ESS), on site renewa-
bles can mitigate peak rate tariffs and provide
ports with significant cost savings

X X

X X

X X X

X X

X X X
X X
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Table 1 (continued)

Main focus Maritime  Water- Quays Terminals Storage Portarea Hinterland
transport  way and networks connec-
IWT tions
B. Wider port arca
B1. Waste to energy and chemicals Incineration (combustion of waste with energy X X X X X X

recovery ) + waste-to-fuels + waste-to-chemicals,
New and emerging technologies can produce
energy from waste without direct combustion

B2. Offshore energy Energy generated offshore is to typically inte- X
grated into onshore power systems (via electric-
ity grid or gas). Two main challenges: (1) Dis-
tribution: expansion or upgrade of the current
onshore networks: and (2) Storage: land-side
energy storage facilities need to balance the
Sluctuaring supply and demand and connection
between offshore and onshore infrastructure

B3. Offshore industry Offshore wind farms (OWF): Europe has a total X X X X X X X
installed capacity of 25 GW. Targets: at least
60 GW by 2030. and 300 GW by 2050. The
fransformation of (excesy) wind power to hydro-
gen may lead to additional energy infrastructure
in ports, for example clectrolysers converting
power to hydrogen in the port, and pipelines
bringing hydrogen produced oftshore to the port
and further inland
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Table 1 (continued)
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Main focus

Maritime  Water-
transport  way and
IWT

Hinterland
connec-
tions

B4. Industry decarbonisation

BS. Sustainable urban energy

B6. Energy conversion

B7. Energy storage hubs

Decarbonization of energy-intensive industries

like refineries, steam crackers, (gray) hydrogen
and ammonia producers, chemical and plastics
industry, iron, steel and cement industry
through electrification, improved heat integra-
tion, using renewable or bio-based fuels and
feedstocks, make use of residual heat and/or
adding Carbon Capture, Utilisation and Storage
(CCUS, for example CO2 as a feedstock to
producesynthetic fuels)

Ports as energy hubs for the urban distribution of

renewable electricity (wind and solar), renew-
able fuels (e.g., hvdrogen, bio-based fuels),
renewable and/or residual heat and cooling

The conversion between electrons and fuels,

through power-to-gas and gas-to-power
technologies for a reliable and flexible energy
system and to provide carbon neutral fuels and
feedstock. The comversion of hvdrogen to zero/
fow carbon fuels also lead to the deployment of
energy conversion infrastructure

(liquid) storage will play a key role in the energy

transition, Fuels that may be transported in
ships and impact ports: LNG, Hvdrogen in pure
form (GH2 and LH2), Hydrogen carried in
other liquids (liquid organic hydrogen carrier
or LOHC), and in derived forms (Ammonia and
Methanol)

X X

Quays Terminals Storage Port area
networks
X X
X
X X X
X X b X

X

ENDIRRSE 2030, Mision: Transicion Energética
Anexo F: Combustibles limpios para el transporte

6de13




Table 1 (continued)
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Main focus Maritime

transport

Water- Quays Terminals
way and
IWT

Storage Port area Hinterland
networks connec-
tions

B8. CCUS

C. Economy & community

C1. Zero-/low emission fuel supply

chains

CCUS is currently one of few solutions available

to tackle emissions from heavy or energy-
intensive industries, the so-called hard-to-
abatesectors, including those typically within or
surrounding porl arcas. For the start-up phase
of large-scale hydrogen, it is expected that blue
hydrogen combined with CCS will play a major
part

Zero/low carbon fuels can be used in industry as  x

a feedstock or fuel, as a fuel for transportation,
or as a heat source. The most frequently men-
tiomed fuels are green hydrogen, green ammo-
nia, green methanol and biofuels. Ports could
play an active role as as facilitator, import/
export, bunkering, storage, production, transit
of zeroflow carbon fuels and carbon capture of
fossil fuels and/or blue hydrogen

C2. Zero-flow emission electron supply Renewable power generation, mainly by means

chains

of solar and wind, requires the availability of a
back-up system of conventional power plants.
Seasonal energy siorage in the form of hvdro-
gen could help to decarbonise dispatchable
power through gas turbines or fuel cells

X X X
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Table 1 (continued)

Region Sur Sureste
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Main focus Maritime Water- Quays Terminals Storage Portarea Hinterland
transport  way and networks  connec-
IWT tions
C3. Circular economy In a full circular economy materials and resources x X X X X X X
will be used in closed loop systems which can
still range over multiple countries. Bio-based
materials such as wood and bioplastics and
plant-based products will be increasingly used
as a fuel, feedstock or material
C4. Decarbonisation of transport In this transition there are three important devel- X X X

opments: electrification:, zero/low carbon fuels
(most promising are bio-based and synthetic
Juely including hyvdrogen), modal shift

Source own compilation based on findings Royal Haskoning (2022)

ENDIRRSE 2030, Mision: Transicion Energética

Anexo F: Combustibles limpios para el transporte

8de13




| > F i % 1
\ /Y D
A )

. Region Sur Sureste

,\,‘v'n" ESTRATEGIA DE DESARROLLO

CAMPECHE
u QUINTANA ROOD

CHIAPAS GUERRERCO
TABASCO

OAXACA
VERACRUZ

PUEBLA
YUCATAN

( Renewable qumﬁed hydrogen (LH2) supply chain
EnErgy i ) e ™ 1 e un TR
oroduction H .n:;t:t;ﬁ;)m :l‘;:::’nc u';;u: g nwing ;}::;vg Shp emdre N o ' R r-ushdee
[} —
i+ ' ) sasea i
: Compnssed hydrogen {CH2) supply chain
'kt':\ { e o o o W2 p
§ Covpremes Ship oaseg Shivping Ship :riceding Carpeeean
‘ 0 Fre Compminns NG 1o b0 wpatar Fow 350 s 13 T b
= * s e
g'een ----------------
hydrogen Ammonia (NH3) supply chain
=3 il i W3 WS hKE G ' [T Y -‘
[ —‘L-‘ Cnm\':z« e Frasar nu' ¢ 701 koan) 2’;“':' fog ke Pasansigdst Gockrg 2 F = pehslerrracs
15941 Vi X0 Ow DA w3 e Homge 47 3 %
K BE CD B e @ D N ar
LOHC supply chain P
. = shisiadaions o Crmes s e | essessennienieiaians, .
Fadugntcn Syrige T Shypig Shpuisatey Oyasge  Debrgwess? f H2 end user
: Fownr
& b} - 5 ! Ind.sstry
5 Haass (1] W s rampor |

Fig. 1 Most considered supply chain solutions for the import of green hydrogen produced overseas. Note
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Fig.2 Key requirements for ports to serve as green hydrogen hubs. Source own compilation
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Table 2 Key recent policy initiatives affecting green hydrogen adoption in the ports of the Rhine-Scheldt
Delta (Belgium and the Netherlands)

Key national policies

The Netherlands: National transport network for hydrogen

In the Summer of 2022, the Dutch Ministry for Climate and Energy presented the final plans for the
construction of a national transport network for hydrogen. Gasunie (a natural gas transport and
distribution network) will be installing the hydrogen network in the Netherlands and will then
also assume the role of its manager. The hydrogen network will connect seaports with the large
industrial clusters and with hydrogen storage locations. Connections with Germany (Ruhr area
and Hamburg) and Belgium are also being planned. In developing the hydrogen network. existing
pipelines are intended to be used, as they become available due to the lower demand for natural
gas transport in the coming years. Approximately 85% of the national network will consist of
reused natural gas pipelines

Belgium: Hydrogen strategy of the federal government

In late October 2021, the Belgian federal government approved its first hydrogen strategy. On Octo-
ber 12, 2022, the government approved an update of this strategy to reflect the state of its imple-
mentation. Additional measures were announced in light of recent developments in the sector.
The federal hydrogen strategy aims to use hydrogen and renewable molecules. especially in cases
where electrification is not economically viable or technically feasible. This mainly concerns
industry and freight transport. The strategy consists of four pillars for which several concrete
measures have been identified in which seaports play a key role (FOD Economie 2022):

o Pillar 1—Positioning of Belgium as a hub for the import and transit of renewable molecules in
Europe

o Pillar 2—Strengthening the Belgian leadership in hydrogen technologies

e Pillar 3—Creating a robust hydrogen market

o Pillar 4—Investing in collaboration for a successful implementation
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Table3 Key recent industry initiatives affecting green hydrogen adoption in the ports of the Rhine-

Scheldt Delta (Belgium and the Netherlands)

Key port-related projects and initiatives

Port of Antwerp-Bruges (Belgium)

Plug Power

Hyoffwind

MoU with Chile

Hydrogen Import Coalition

H2 Global Foundation

Plug Power intends to build an electrolysis plant for the
production of green hydrogen with a capacity of 100
megawatts in the Nextgen district of the Antwerp port
area. The facility will produce up to 12,500 tons of lig-
uid and gaseous green hydrogen per year for the Euro-
pean market. The first production of green hydrogen is
expected at the end of 2024

Partnership between Virya Energy, Parkwind, Eoly
Energy and Fluxys to build a power-to-gas installation
to convert renewable electricity into green hydrogen.
Hyoffwind, will have an electrolyser of 25 megawatts,
which can be scaled up to 100 megawatts in the long-
run. A Zeebrugge facility will act as an energy hub

In November 2021, the ports of Antwerp and Zeebrugge
(now port of Antwerp-Bruges) signed a Memorandum
of Understanding (MoU) with the government of Chile
to set up a corridor to speed up green hydrogen flows
between South America and Western Europe. The sign-
ing parties will collaborate on a regular basis in order to
exchange knowledge. experiences and other information
to further strengthen their cooperation

The Hydrogen Import Coalition includes the port of
Antwerp-Bruges, the dredging company Deme, shipping
company Exmar, grid operator Fluxys, energy supplier
Engie and the Waterstofnet organization. The coalition
sustains that Belgium must import renewable energy
in the form of hydrogen on a large scale if the country
wants to be carbon neutral by 2050. Domestic renew-
able energy production alone would not be sufficient to
achieve this target. Zeebrugge is the designated point to
bring the energy ashore. Not only because of the LNG
terminal there, but also because a lot of offshore energy
comes "onshore’ in the coastal region. The port area
of Antwerp comes into the picture as a potential major
buyer of this energy because of the energy needs of the
petrochemical industry. The Belgian pipeline network
is then the connecting link. In the search for locations
where the "renewables’ are more easily available and in
larger volumes, the role of the affiliated ports of Acu.
Cotonou and Dugm is also being examined

In 2022. the port was part of a first H2 Global Foundation
tender for the import of green ammonia, methanol and
e-kerosine. thereby kickstarting the first import value
chain projects on three key hydrogen carriers
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Table 3 (continued)

Key port-related projects and initiatives

North Sea Port (Belgium/The Netherlands)

SeaH2Land Orsted together with the major industrial companies in
the North Sea Port cluster, have presented a vision for a
gigawatt-scale project, to reduce carbon emissions in the
Dutch-Flemish industrial cluster, via renewable hydro-
gen, An 1 GW electrolyser and an offshore wind farm
will be developed by @rsted. The electrolyser will link
to 2 GW of new offshore wind capacity. ArcelorMittal,
Yara, Dow Benelux and Zeeland Refinery support the
development of the required regional infrastructure to
enable sustainubly produced steel, ammonia, ethylene
and fuels in the future. About 45 km of regional hydro-
gen pipelines, between the Netherlands and Belgium,
will be developed to exchange hydrogen between the
industrial players in the region

Open access hydrogen infrastructure In May 2022, it was announced that Gasunie, Fluxys and
North Sea Port have joined forces to develop the first
regional cross-border open-access hydrogen pipeline
infrastructure in Europe by 2026

Dow-—Yara Exchange of hydrogen (by-product) via a pipeline between
Dow and Yara (completed in 2018)

ELYGator A project of Air Liquide for 200 MW clectrolysis in
Terneuzen

H2ero Development of a 150 MW electrolyser in Viissingen on-
site at Zeeland Refinery (TotalEnergies -Lukoil)

Haddock Project for a 100 MW electrolyser on-site at Yara Sluiskil
with @rsted

Port of Rotterdam (The Netherlands)

Holland Hydrogen | In July 2022, Shell announced the construction start of
Holland Hydrogen I, which will be Europe’s largest
renewable hydrogen plant once operational in 2025, The
200 MW electrolyser will be constructed on the Tweede
Maasvlakte terminal and will produce up to 60,000 kg
of renewable hydrogen per day. The renewable power
for the electrolyser will come from the oftshore wind
farm Hollandse Kust (noord), which is partly owned by
Shell. The renewable hydrogen produced will supply the
Shell Energy and Chemicals Park Rotterdam, by way of
the HyTransPort pipeline. where it will replace some of
the grey hydrogen usage in the refinery

ACE terminal for imported green ammonia  In April 2022, Gasunie, HES International (HES) and
Vopak announced their intention to work together to
develop an import terminal for green ammonia as a
hydrogen carrier. The terminal will operate on the
Maasvlakte under the name ACE Terminal, and will be
operational as of 2026
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Key port-related projects

and initiatives

OCI

Port of Amsterdam (The
Project H2era

Nouryon and Tata Steel

In June 2022, OCI announced the first phase of its ammo-
nia import terminal expansion project in the port of
Rotterdam. The investment will increase the throughput
capacity from the current ¢.400 ktpa to up to 1.2 million
metric tons per year. with completion expected in 2023.
In a later second phase, capacity would increase to
above 3 million tons per annum

Netherlands)

Hydrogen company HyCC launched its plans for the
construction of Project H2era, a 500-megawatl green
hydrogen plant at the Port of Amsterdam

Exploring the construction of a 100 MW hydrogen plant
with Nouryon and Tata Steel. This could produce
15,000 tonnes of green hydrogen per year

Source own compilation based on press releases and government and port websites
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