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Abstract

This paper compares the potential of three countries Morocco, Chile, and Australia to export green
hydrogen to the European Union (EU). The three countries are ranked relative to each other based on
ten indicators:

e The estimated levelized cost of green hydrogen delivery over time
e The status of development of hydrogen projects

e Expectations for domestic demand for hydrogen

e The status of the renewable electricity sector

e Collaboration with EU countries and institutions

e Collaboration with non-EU countries and institutions

e The availability of maritime infrastructure

e Chemical handling and export capability

e The general business environment

e Political risks

Based on these indicators, the paper shows that Morocco, Chile, and Australia boast high-potential
options for hydrogen exports to the EU, whether in combination or individually. The paper also shows
that these three countries have complementary weaknesses and strengths. This paper also details the
different financing sources and mechanisms which are likely to fund the development of the green
hydrogen production sector in each of these countries.

Note

This paper is mostly based on the Author's thesis towards obtaining a Masters of Business
Administration (MBA) degree from WU Executive Academy in Vienna, Austria (Rikabi, 2023).

iii
The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.
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1. Introduction

Green hydrogen is expected to play an important role in EU’s goal to achieve 55% reduction in its
greenhouse gas (GHG) emissions by 2030 compared to 1990 levels (EC, 2020). Green hydrogen is
defined as that which is produced through the electrolysis of water using electricity stemming from
renewable sources with full-life-cycle GHG emissions of almost zero (EC, 2020; Ludwig, et al., 2021).
According to the Hydrogen Council and McKinsey & Company, green hydrogen has the potential to
avoid up to 80 gigatonnes of cumulative carbon dioxide (CO2) emissions globally and to contribute to
up to 20% of the total abatement needed by 2050 (Hydrogen Council, McKinsey & Company, 2021).

Hydrogen currently represents a small fraction of EU’s energy mix and is still largely produced from
fossil fuels, thereby resulting in the release of 70-100 megatonnes (MT) of CO2 annually in the EU (EC,
2020). The European Commission (EC) estimates that hydrogen’s share in the EU’s energy mix could
reach 13%-20% by 2050 (EC, 2022), and is therefore determined to scale up development of the
‘renewable’ (green) variant in order to eliminate the emissions resulting from use of the fossil-fuel-based
variant (EC, 2020).

The REPowerEU initiative sets out to increase the share of renewable energy in the EU’s final energy
consumption to 45% by 2030, and one of the milestones towards achieving this target is to reach 10
MT of EU green hydrogen production — from 65-80 gigawatts (GW) of electrolyser capacity (EC, 2022;
IEA, 2022) — plus another 10 MT of supply from non-EU imports by that year (EC, 2022).1 It is estimated
that for Europe to reach Net Zero by 2050, it would need to invest a total of $1.5 trillion in clean hydrogen
production facilities, including domestic and non-EU projects (van Gaal, 2023; WEF, 2022). Therefore,
the EC announced in March 2023 the establishment of a European Hydrogen Bank (EHB), the purpose
of which is to address the initial financial challenges to the creation of an emerging renewable hydrogen
market and to the development of production capability to enable imports to the EU (EC, 2023). Prior
to that, in May 2022, the EC made a joint declaration with electrolyser manufacturers that it would
support them through regulatory measures to increase the manufacturing of electrolysers in the EU ten-
fold, thereby reaching 17.5 GW of annual production capacity additions by 2025 to help enable
achieving the annual EU production target of 10 MT by 2030 (EC, 2022). The EU clearly deems this to
be of strategic importance given that China and the United States (US) are also ramping up their
electrolyser manufacturing capacities to levels which are on a par with the EU’s (IEA, 2023). Also in
2023, the EC announced that it would hold a fixed-premium pilot auction in November that year as part
of its Innovation Fund, which will begin allocating funds of up to 800 million euros to green hydrogen
production projects inside the EU (EC, 2023). Regarding infrastructure, the European Hydrogen
Backbone has called for 11,600 kilometers (km) of new and repurposed hydrogen pipelines to be ready
across the EU by 2030, with the target for 2040 being almost three times higher at 39,700 km (Jens,
Wang, van der Leun, Peters, & Buseman, 2021).

There are already industries which use hydrogen and thus have high potential to switch to green
hydrogen, including refining, ammonia, and methanol production (ETC, 2021). There are also other
sectors which could considerably add hydrogen demand in the future but currently do not use hydrogen
due to a combination of technical and economic feasibility limitations, and they include steel, shipping,
aviation, and power storage (ETC, 2021). For example, four automakers in the First Movers Coalition
have pledged that by 2030 they will source 10% of the steel they use from low-emission sources (IEA,
2022). Also, Maersk has ordered 12 methanol-powered vessels and has signed partnerships to procure
0.7 MT of low-emission methanol? in 2025 (IEA, 2022).

Estimates of future EU hydrogen demand vary considerably, however all five of the forecasts studied
by the Florence School of Regulation predict that by 2050 the bloc’s demand will have increased
significantly — ranging from 172% to 878% of recent levels of 10.7 MT (Dos Reis, 2021). Figure 1 shows
averages of projected figures of European hydrogen demand (including that of the UK) based on various

11t is worth noting that there is probably still a lot of work to do to improve the clarity of regulations around this initiative given
how quickly it had to be drawn up and approved.

2 It is worth noting that extraction of hydrogen from methanol upon import would necessitate the release of CO2 and thus the
additional installation of carbon capture & storage facilities to ensure that the hydrogen remains of the ‘low-emission’ category,
i.e. not an ideal solution (Patonia & Poudineh, 2022).

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.




forecasts by the European Hydrogen Observatory (part of the EC’s Clean Hydrogen Joint Undertaking).
It also shows that estimates of current demand figures vary as well, as the estimated European
hydrogen demand in 2022 according to Figure 1 was 8.2 MT. The European Hydrogen Observatory
also estimates that 57% of 2022 European demand came from oil refining, 24% from ammonia
production, 3% from methanol production, and 9% from production of other chemicals (Clean Hydrogen
JU, 2023).

Figure 1: Average of forecast European hydrogen demand based on various scenarios in 2030,
2040 and 2050
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Source: (Clean Hydrogen JU, 2023)

Figure 1 shows that European hydrogen demand in 2030 might exceed 12.35 MT/year. This is lower
than the prediction of 2030 demand from the EU-27 alone provided by Rocky Mountain Institute (RMI),
which stands at 12.96 MT/year (Tatarenko, Janzow, Rosas, & Homann, 2023). This signifies that even
if the EU were to reach its green hydrogen production target of 10 MT/year by 2030, this would still not
be enough to cover the bloc’s total predicted demand by that year2. In fact, the EU is unlikely to even
have sufficient renewable power generation capacity (necessary to power green hydrogen production
facilities) to produce all of the hydrogen demanded within the bloc by 2030, given the imperative of
using its current-plus-future installed capacity to electrify its power grids, buildings, and road transport
(Tatarenko, Janzow, Rosas, & Homann, 2023).

This explains why the EU has also set a 2030 green hydrogen import target of 10 MT per year from
non-EU countries by that year (EC, 2022)*. The success of projects which would be aimed at achieving
this target is defined in this paper by the following criteria:

e Support the EU in achieving its net zero target by 2050.
e Supply the EU with its energy needs.
e Minimize the risk of the EU becoming overly dependent on a single supplier.

The main objective of this paper is to compare the potential of three non-EU countries, Morocco, Chile
and Australia, to export green hydrogen to the EU. Those countries are ranked relative to each other
based on several indicators. The aim is to propose an approach that could be applied at a larger scale
to include additional countries. The analysis in this paper is split into three sections. Section 2 provides
a detailed comparison of the weaknesses and the strengths of the three countries and their potential to
emerge as long-term exporters of green hydrogen to EU Member States. Section 3 combines
information obtained from sources in the public domain with insights gained from interviews conducted

% Total demand in 2022 from the UK, Norway, and Switzerland (which at the time of writing are non-EU countries) was around
0.75 MT (Clean Hydrogen JU, 2023). By extrapolating this figure to 2030 based on the average total European forecast shown
in Figure 1, this would bring total demand from those three countries in 2030 to 1.13 MT per year. Subtracting this figure from
the average total European figure gives 11.22 MT per year, which is still higher than the EU production target of 10 MT per year
by 2030.

4 Nevertheless, RMI predicts total EU green hdyrogen imports from outside the bloc to be only 8.7 MT per year by 2030
(Tatarenko, Janzow, Rosas, & Homann, 2023).

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.
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with industry experts to explain how the financing of green hydrogen projects might be structured in
each of those countries. Section 4 provides a summary of key findings and conclusions.

2. Potential Sources of EU Imports of Hydrogen: The cases of Morocco, Chile
and Australia

Hydrogen trade is expected to be underpinned by bilateral agreements long before any possibility of
hydrogen or its derivatives becoming globally traded commodities (IEA, 2022). It is on the basis of this
bilateral trade that projects would, most likely, get sanctioned and receive the necessary funding from
investors (IEA, 2022). While global oil and gas supply has been historically dominated by a few
countries in the world, low-emission hydrogen (including green) has the potential to be exported by
many more countries in the future (IEA, 2022).

In this paper, the export potential of three countries, Morocco, Chile and Australia, is compared using
indicators which are deemed important for the success in developing green hydrogen projects as well
as providing secure hydrogen supply to EU countries. Those countries have then been ranked relative
to each other in terms of how promising their prospects are based on the following ten indicators:

e The estimated levelized cost of green hydrogen delivery over time
e The status of development of hydrogen projects

e Expectations for domestic demand for hydrogen

e The status of the renewable electricity sector

e Collaboration with EU countries and institutions

e Collaboration with non-EU countries and institutions

e The availability of maritime infrastructure

¢ Chemical handling and export capability

e The general business environment

e Political risks

These three countries have been chosen because they are among the most likely around the world to
be net exporters of hydrogen by 2050 according to the International Renewable Energy Agency
(IRENA) (IRENA, 2022). Moreover, these countries happen to be geographically distant from one
another, yet they all have strong trade ties with EU countries. Also, these three countries are different
in terms of their respective sizes, development levels, and credit ratings.

Morocco has been selected due to its geographic proximity to the EU and existing interconnections with
Spain (IEA, 2021), also for it having the most advanced renewable energy resources combined with the
least abundant hydrocarbon resources in North Africa (Franza, 2021). As for Chile, the country is
expected to export the greatest amount of hydrogen from Latin America by 2030, according to the IEA,
based on existing plans (IEA, 2022; 2023). Unlike its neighbours, all of Chile’s hydrogen exports are
expected to be ‘green’ given the scarcity of the country’s hydrocarbon resources (OT, 2021). Moreover,
Chile is the leading country in Latin America when it comes to partnership with EU countries on low-
carbon hydrogen projects, according to the World Energy Council (WEC) (WEC, 2022). Australia on
the other hand is expected to become the biggest exporting country of hydrogen — green and blue
combined — by 2030 (WEC, 2022; IEA, 2022). This is partly thanks to the country’s huge renewable
energy generation potential coming from the abundance of unused areas that can be used to add further
capacity in the future (IRENA, 2022). This combined with the country’s developed-economy and high-
income status (World Data, 2023) makes it a prime candidate for inclusion in any comparison of green
hydrogen exporting countries.

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
of the Oxford Institute for Energy Studies or any of its Members.




2.1 Estimated Levelized Cost of Green Hydrogen Delivery over Time

The two primary components of the Levelized Cost of Green Hydrogen Delivery (referred to here as
LCH2) are the levelized cost of production and the levelized cost of transport® to the end market.

The production cost of green hydrogen can be broadly broken down to the cost of renewable electricity,
electrolyser capital expenditure (CAPEX), other CAPEX, and operating expenditure (OPEX), as shown
in Figure 2. The European Hydrogen Observatory has provided an estimate of average levelized cost
of green hydrogen production in Europe in 2022 (Clean Hydrogen JU, 2023). According to its Net Zero
by 2050 Scenario, the IEA predicts worldwide green hydrogen production levelized cost figures to
decline significantly between now and 2050 (IEA, 2023; 2022), similar to PricewaterhouseCoopers’
(PwC’s) prediction (PwC, 2023). In addition, IRENA and the Energy Transitions Commission (ETC) both
predict similarly low costs by 2050 worldwide (IRENA, 2022; ETC, 2021). On the other hand, as a result
of increased geopolitical tensions, rising interest rates, supply chain bottlenecks, Boston Consulting
Group (BCG) has raised its projection for 2030 green hydrogen levelized cost of production in central
Europe in 2023 above that of the “consensus view” from 2021 (Burchardt, et al., 2023, pp. 2-3). These
estimates can be seen in the timeline plotted in Figure 3.

Figure 2: Breakdown of levelised cost of green hydrogen production

= Renewable Electricity = Electrolyzer CAPEX m Other CAPEX = OPEX
Source: Based on data from Australian Energy Council (Lovell, 2018), Strathgen (part of University of Strathclyde,
UK) (Grispiani, 2020), and Structures Insider (Pascal, 2023). This spilt is not exact and is intended to be indicative
only.

Figure 3: Timeline showing estimates by various sources of green hydrogen levelized cost of
production worldwide
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5 As mentioned further down, this includes storage costs.

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
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The levelized cost of transport on the other hand includes the costs of conversion to a derivative or
carrier (also called a pathway) prior to export (for shipping), storage pre-export, shipping, storage post-
import, and reconversion upon import (in the case of carriers only). The levelized cost estimates also
consider the likely capital investment and operating costs needed for each pathway. Export of hydrogen
as ammonia for example results in conversion losses as well as reconversion losses, the latter being
necessary for the extraction of hydrogen through ammonia ‘cracking’ unless ammonia is the imported
end-product rather than gaseous hydrogen (Liebreich, 2022; IEA, 2022).6

Figure 4 shows the IEA’s assessment for 2030 of the added levelized costs of hydrogen transport from
its conversion, storage pre-export, shipping, storage post-import, and reconversion, as a function of
transportation distance for each of the carriers (via ship): liquid ammonia, liquefied hydrogen, and liquid
organic hydrogen carriers (LOHC) (IEA, 2022). It also includes the added levelized costs of hydrogen
transport via a new or repurposed onshore pipeline (operating at 25-75% of design capacity during
5,000 full-load hours) depending on the pipeline’s dimensions, as well as the levelized cost of delivering
electricity (enough to generate 1 kg of green hydrogen) directly from its generation source via an
offshore High-Voltage Direct-Current (HVDC) cable to the electrolyser on the importing end (at 69%
efficiency) (IEA, 2022). Figure 5 shows IRENA’s assessment of hydrogen transport costs in 2050
assuming a constant annual hydrogen load of 1,500,000 tonnes/annum and depending on the pathway
(IRENA, 2022). The costs vary as a function of transportation distance (IRENA, 2022), meaning that it
is comparable to Figure 4 from the IEA (albeit the latter is set for 2030).

In this paper, the comparison of transport costs from each of the studied host countries to the EU will
be for the (liquid) ammonia shipping pathway only because it is considered to be the most effective
hydrogen carrier, with an optimum combination of low thermodynamic and conversion losses as well
as low direct costs (Gielen & Press, 2022; Liebreich, 2022; Patonia & Poudineh, 2022). This is also the
case when liquid ammonia is compared to methanol, given the CO2 emissions associated with
extracting hydrogen from the latter upon import (Patonia & Poudineh, 2022). In fact, at least early on,
most EU green hydrogen imports are expected to enter the bloc in the form of ammonia (Tatarenko,
Janzow, Rosas, & Homann, 2023). Moreover, both the pipeline and HVDC transport options are
considered to be unfeasible in this paper. While the reasons for this are obvious in the case of Chile
and Australia, the situation for Morocco deserves further explanation, and this is provided further down
in this section. It is also worth noting that at this stage there is considerable uncertainty in the estimates
shown in Figure 4 and Figure 5.

The estimates for green hydrogen production and transport (via the ammonia pathway) to the EU for
all three host countries examined in this paper are summarised for comparison in Table 1. There are
other important factors regarding the LCH2 such as water scarcity, especially in Morocco and Australia
(IRENA, 2022), as it remains to be seen whether technologies which enable the use of sea water in the
electrolysis process are successfully commercialised and deployed in the future (Gates, 2023;
Westenhaus, 2023). Another one is the cost of capital, which varies considerably depending on the host
country and would thus impact the global distribution of supplied quantities of hydrogen if it were to
equalise in the future (IRENA, 2022). On the other hand, the year 2022 saw higher inflation and interest
rates (thereby higher WACC) as well as higher labour costs, combined with higher renewable electricity
price assumptions (especially in Europe) relative to 2021, thereby resulting in a 9% year-on-year
increase in the capital cost of electrolysers worldwide (Roth, Dertinger, Lotz, & Schimmel, 2023; Hyatt,
2023). Moreover, the IEA predicts that the rise in WACC might have increased electrolyser installation
costs in 2023 by more than 25% compared to 2021 levels (IEA, 2023). Nevertheless, the assumption
in this paper is that these effects would be short-term in nature. The cost of capital for each of the three
countries examined in this paper is discussed in further detail in Section 3.

¢ Since the context of this paper is to do with hydrogen exports from non-EU host countries to EU demand centres, the
discussion will be structured around the main steps constituting the delivery of green hydrogen to the territory of an EU Member
State where a buyer is likely to have an off-take agreement with the project owner(s) in the host country. The cost of transport
within the EU is not included in this analysis and is assumed to be the same regardless of where the hydrogen is being
imported from (outside the EU) or where the buyer is located (within the EU). Also not discussed here is the cost of transporting
hydrogen from the electrolyser or Haber-Bosch ammonia facility to the point of export in the host country because no
assumptions have been made regarding the chosen means of doing so or the distances separating these two points for any
project.

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
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Figure 4: Levelized transport costs for hydrogen in 2030 by ship, onshore pipeline, and

offshore cable, as functions of transportation distance
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Figure 5: Levelized transport costs of hydrogen produced from a fixed project size of 1,500,000
tonnes/annum for different pathways in 2050 as a function of transportation distance
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(IRENA, 2022).

Note: Optimistic scenario for costs.

Morocco

According to data from PwC, Morocco’s green hydrogen production cost is estimated to be (PwC, 2023):

4.25-4.50 euros/kg ($4.55-4.95/kg) in 2020 (present day)
2.50-2.75 euros/kg ($2.70-3.05/kg) in 2030
1.00-1.25 euros/kg ($1.05-1.35/kg) in 2050

The contents of this paper are the author’s sole responsibility. They do not necessarily represent the views
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It is important to note that other studies point to wide-ranging estimates of present-day cost of
production in Morocco, from $2.50/kg to about $13.50/kg (Khouya, 2020; Touili, et al., 2022; Touili,
Merrouni, El Hassouani, Amrani, & Azouzoute, 2020). The upper half of this range would result in an
outcome where green hydrogen produced in other countries is more cost-competitive in the short term.
Meanwhile, Wouters of The Netherlands’ Association for the United Nations has predicted that a
levelized production cost of 1 euro/kg ($1.10/kg) could be achievable in Morocco by 2030 (Wouters,
2020). Moreover, IRENA predicts that the levelized cost of green hydrogen production in North Africa
will reach $0.65-1.25/kg by 2050 (IRENA, 2022).

It is assumed here that transport of hydrogen from Morocco to an EU buyer would be over a distance
of 3,100 km, given that the immediate demand centres are unlikely to be right on the North African
country’s doorstep. The aforementioned distance is roughly the same as that separating the port of
Casablanca in Morocco and the port of Rotterdam in The Netherlands (Ports, 2023). In their comparison
of the costs of importing green ammonia into The Netherlands from Morocco to the costs of producing
the ammonia (green or blue) in The Netherlands in 2030, Aurora Energy Research estimate that the
levelized transport cost, including the Haber-Bosch (prior to export) and ammonia cracking (upon
import) processes, to be 1.5 euros/kg ($1.65/kg) (Ganbold, Najjar, Borondo, & Hubert, 2022). Within
that, the cost of shipping is estimated to be 0.1 euros/kg ($0.11/kg), and this can be used to calculate
the shipping cost from Chile to the EU based on distance to derive a Moroccan levelized cost of
transport estimate for 2050. The calculated Chilean shipping estimate (of $0.61/kg) can then be
subtracted from the ‘long-term’ (assumed to be in 2050) total estimate for Chile-to-EU levelized cost of
transport of $2.20/kg provided by the International Finance Corporation (IFC) (IFC, 2022), giving
$1.59/kg. Then, by re-adding $0.11/kg (shipping cost from Morocco) to the result of the prior calculation,
this gives a total levelized transport cost estimate of $1.70/kg for Moroccan exports to the EU in 2050.
An alternative estimate for 2030 can be obtained based on IEA’s data plotted in Figure 4, giving a
levelized transport cost of $2.05/kg (for 3,100 km distance). As for 2050, an alternative estimate can be
obtained based on IRENA’s data plotted in Figure 5, giving a levelized transport cost of $0.65/kg (for
3,100 km distance).

There are three other options for export of green hydrogen from Morocco to the EU: via a repurposed
pipeline, via a new pipeline, or green electricity via a HVDC cable (new or existing). If Morocco were to
repurpose its section of the Maghreb-Europe natural gas pipeline (48-inch diameter and 45 km offshore
section length) connecting it to Spain for hydrogen transport by 2030, the capacity of that could be
greater than 2 MT/year (Blinda, 2023; IEA, 2022; Zahw, Peterse, Schimmel, & Cihlar, 2022), thereby
incurring only the lower end of the cost estimates shown in Figure 4 and Figure 5. However, an installed
electrolyser capacity of more than 25 GW would be needed to produce such an amount of green
hydrogen, and as discussed in Section 2.2 below Morocco has not yet announced export projects of
such size.

The other challenge is that Morocco is currently a long way away from having the ability to take
advantage of such an opportunity due to the lack of gas infrastructure within its borders
(OpensStreetMap, 2024), which would be crucial for enabling the transport of its green hydrogen (upon
repurposing of pipelines) towards the existing Maghreb-Europe pipeline or a brand new one (Anice,
2023). In addition, the production of green hydrogen close to the pipeline’s entry point using electricity
which is produced elsewhere in the kingdom is also not possible, as explained in Section 2.4 below.
Even Spain, which has a more developed domestic natural gas pipeline network than Morocco, has
moved towards shipping of ammonia for its green hydrogen exports to other EU Member States instead
of pipeline transport. This is indicated by the recent deal made by Norway’s Yara Clean Ammonia and
Spain’s CEPSA to establish a clean hydrogen corridor between the south of Spain and central Europe
via the port of Rotterdam (Yara, 2023). This would comprise a green ammonia shipping route as well
as pipelines which would be built/repurposed between the Dutch port and buyers in Belgium and
Germany (Yara, 2023). This move might be a reflection of the Iberian country’s existing pipeline
connections to its EU neighbours being limited, with only one natural gas interconnection between it
and France and two between it and Portugal currently available (IEA, 2021).
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As for the HVDC option, this is most likely to be economically feasible in the case of low energy transfer
amounts (Patonia, Lenivova, Poudineh, & Nolden, 2023).7 Given the EU’s hydrogen import target,
which is very large, the HVDC option is deemed to be far less consequential for the purposes of this
paper when compared to the shipping or pipeline options.8

Chile
According to PwC'’s data, Chile’s green hydrogen production cost is estimated to be (PwC, 2023):

e 3.50-3.75 euros/kg ($3.75-4.10/kg) in 2020 (present day)
e 2.00-2.25 euros/kg ($2.15-2.45/kg) in 2030
e 1.00-1.25 euros/kg ($1.10-1.40/kg) in 2050

The IFC estimates that Chile’s green hydrogen production levelized cost is currently at $2.30/kg in
Magallanes, Southern Chile; where wind power generation is high, and is $3.50/kg in the north; where
solar power generation capacity is high (IFC, 2022). In their techno-economic study of producing green
hydrogen from solar energy in the Atacama Desert, northern Chile, and from wind energy in the
Patagonia steppes, Argentina, Armijo & Philibert have estimated current levelized cost of green
hydrogen production at around $2.00/kg (Armijo & Philibert, 2020). The IFC expects green hydrogen
production to become cheaper by 2030, below $2.00/kg, and in the ‘long term’ (taken here to mean by
2050), below $1.50/kg (IFC, 2022). On the other hand, the IEA has predicted Chile’s levelized cost of
green hydrogen production, including storage costs, to be $2.00-2.45/kg depending on minimum load
factor (set based on an assumed downstream ammonia synthesis process) in 2030 (IEA, 2022). This
is very close to the PwC and IFC estimates for that year. Meanwhile, IRENA predicts that the levelized
cost of green hydrogen production in Chile will reach $0.65-1.15/kg by 2050 (IRENA, 2022).

As for the cost of transport to the EU, the distance via ship from Chile would be somewhere between
16,210 km (to Spain) and 18,450 km (to Germany) (Ports, 2023). For 2030, Frontier & the Austrian
Institute of Technology (AIT) estimate the cost of transporting ammonia to Austria from Chile excluding
cracking upon import to be around 2.00 euros/kg ($2.20/kg), with the latter adding a further 2.10
euros/kg ($2.30/kg) to the levelized cost of transport (Frontier & AIT, 2022). While the IEA’s data in
Figure 4 only shows transport cost estimates for distances between 100 and 8,000 km, the trends for
shipping costs are straight lines for all carriers. Therefore, since the levelized cost of transporting
ammonia 8,000 km is around $0.20/kg higher than that for 100 km, doubling this figure to $0.40/kg (for
16,000 km distance) would be appropriate for transport from Chile to Europe. This means that the cost
of transporting 180,000 tonnes annually from Chile to Europe would be $2.30/kg in 2030. As for 2050,
IRENA’s data in Figure 5 points to ammonia transport costing about $0.75/kg given the aforementioned
distances. On the other hand, IFC estimates that transporting hydrogen as ammonia via ship over a
distance equivalent to that from Chile to Western Europe would add $2.20/kg to the LCH2 in the ‘long
term’ (taken here to mean 2050) (IFC, 2022).

Australia

According to PwC’s data, Australia’s green hydrogen production cost is estimated to be (PwC, 2023):
e 4.50-4.75 euros/kg ($4.95-5.20/kg) in 2020 (present day)
e 2.50-2.75 euros/kg ($2.75-3.05/kg) in 2030
e 1.00-1.25 euros/kg ($1.10-1.40/kg) in 2050

7 According to these authors, pipelines have a larger capacity for transporting gaseous hydrogen than HVDC cables have for an
equivalent amount of electricity, thus the pipeline option (repurposed or new) is considered to be more cost-effective than the HVDC
option in most cases if the amounts are large. That said, converting electricity into hydrogen results in significant losses, which means
that it would be more efficient to transport the electricity if the generated amount is not very large (which would otherwise result in
produced hydrogen amounts which are too low to pay for the pipeline project).

8 Therefore, neither of the pipeline or HYDC options is considered when comparing Morocco to the other two host countries in this paper,
although this is not to negate the possibility of either of these options materialising for the North African country in the future.
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Australia has announced its ‘H2 under $2’ strategy for 2030, by which time it aims to bring down its
hydrogen levelized production cost to 2.00 Australian Dollars (AUD) per kg ($1.40/kg) (GH2, 2023;
IRENA, 2022). IRENA on the other hand predicts that if production costs were to go below $4.00/kg by
2030, this would be enough to make Australia a globally competitive supplier of green hydrogen
(IRENA, 2022). Moreover, IRENA predicts that the levelized cost of green hydrogen production in
Australia will reach $0.70-1.20/kg by 2050 (IRENA, 2022). This estimate could however increase by up
to 40% (to $1.70/kg) depending on the CAPEX for installing electrolysers, since Australia is a developed
economy which has seen high labour and installation costs for its renewables sector (IRENA, 2022).

As for the cost of transport to the EU, the distance from South Australia to either Germany or Spain
would be around 22,300 km (Ports, 2023), so around 1.3 times that from Chile to Western Europe.
While the IEA’s data in Figure 4 only show transport cost estimates for distances between 100 and
8,000 km, the trends for shipping costs are straight lines for all carriers. Therefore, since the levelized
cost of transporting ammonia 8,000 km is around $0.20/kg higher than that for 100 km, tripling this
figure to $0.60/kg would be appropriate for exports from Australia to Europe. This means that the cost
of transporting 180,000 tonnes annually from Australia to Europe would be $2.50/kg in 2030. By the
same logic, multiplying the Frontier & AIT 2030 estimate for shipping ammonia to Austria from Chile, of
0.3 euros/kg ($0.33/kg) (Frontier & AlT, 2022), by 1.3 gives $0.43/kg. Combining this figure with the
remainder of the Chilean levelized transport cost from Frontier & AIT ($4.17/kg) gives a total Australian
levelized transport cost of $4.60/kg in 2030. As for 2050 estimates, IRENA’s data in Figure 5 points to
Australian ammonia transport costing about $0.75/kg. On the other hand, using the IFC’s estimate of
$2.20/kg mentioned above for transporting hydrogen from Chile in 2050, combining that with the figure
from Aurora on transport from Morocco in 2030 ($0.11/kg), and using the Australia-to-Europe shipping
distance (giving a shipping cost of $0.80/kg), the equivalent for Australia-to-EU transport would be
almost $2.40/kg in 2050 (by adding the $0.80/kg to the aforementioned $1.59/kg calculated for Chile).

Comparison

Based on the figures in Table 1, Morocco ranks the highest in terms of the LCH2 indicator thanks to its
estimated costs being the lowest. This comes as no surprise given the country’s proximity to Europe.
However, this also comes with the caveat that LCH2 estimates for the present day put Morocco in a
challenged position on the global stage. If the North African country fails to bring down its production
costs during the next few years, it risks losing out to competitors who are further away geographically
from the EU. The LCH2 from Chile is predicted to be lower than that from Australia, given the longer
distance separating Australia and the EU as well as the higher labour costs in Australia.

Table 1: Estimates of levelized cost of production, transport, and total delivery (LCH2) to the
EU for each host country in the years 2030 and 2050

2030 2050
Country Production Transport LCH2 Production Transport LCH2
Morocco 1.10-3.05 1.65-2.05 2.75-5.10 0.65-1.35 0.65-1.70 1.30-3.05
Chile 2.00-2.45 2.30-4.50 4.30°-6.95 0.65-1.50 0.75-2.20 1.40-3.70
Australia 1.40-3.05 2.50-4.60 3.90-7.65 0.70-1.70 0.75-2.40 1.45-4.10

2.2 Pilot & Development Projects

This concerns the number and current status of green hydrogen projects, their prospects of completion
in time for the EU’s 2030 target, as well as their stated production capacities upon completion.
Moreover, this also includes indications of the level of progress made by the host governments to enable
the development of their respective green hydrogen production sectors so far. The idea here is that a
project which has been announced but has not reached Final Investment Decision (FID) yet, or even

9 According to RMI, Chile’s LCH2 would be even lower, at around $3.65/kg (Tatarenko, Janzow, Rosas, & Homann, 2023),
however they do not provide a breakdown of that figure. Nevertheless, this is still not as low as the low-end estimate for
Morocco in 2030.
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one which has reached FID but not been executed yet, always runs the risk of stalling at some point in
the future. The outcome of that would be that the supplies which have been earmarked for export to the
EU would simply not materialise.10

Morocco

Morocco created its National Hydrogen Commission in 2019 and then published a green hydrogen
roadmap in January 2021 for what is deemed to be a key growth sector in the national economy, and
to require $10 billion of investment to be realised (IRENA, 2022; WEC, 2022; Helmeci, 2023). In March
2021, the country launched its Green Hydrogen Cluster, which envisages an export market of 10
terawatt-hours (TWh) — mainly to Europe — and a local market of 4 TWh (IRENA, 2022; IFC, 2022;
Helmeci, 2023).

Several projects have been announced in Morocco, eight in total according to the IEA, all of which aim
to produce green ammonia (IEA, 2023). All of these continue to be at the Concept or Feasibility Study
stage, however, apart from one small-scale demonstration project by the country’s state-owned fertiliser
production company, OCP, which has received FID (IEA, 2023). The most significant of these projects
is the one which OCP announced in 2023 with an investment plan of $7 billion and with production
planned to increase from 0.2 MT of ammonia per year in 2026 to 1 MT by 2027 and then 3 MT by 2032
(Eljechtimi, 2023). In addition to these, Energy China International Construction Group announced a
Memorandum of Understanding (MoU) with Saudi Arabia’s Ajlan Bros and Morocco’s Gaia Energy in
2023 to build a green hydrogen project to produce 1.4 MT of ammonia per year, although the partners
are yet to announce a start-up date (Yihe, 2023). So far, according to the IEA, there have been no
hydrogen or ammonia export infrastructure projects announced in Morocco (IEA, 2023). All in all, the
IEA estimates that Morocco could have a total of less than 0.1 MT per year of hydrogen-equivalent
available for export by 2030 if all announced projects were realised (IEA, 2022).

Chile

From a regulatory perspective, the Chilean government’s Energy Efficiency Law 21 305, issued in
February 2021, gives green hydrogen and its derivatives legal recognition, and enables the creation
and implementation of regulations to integrate green hydrogen into the country’s energy mix (IFC, 2022;
WEC, 2022). Also, that year, the country launched its Ventana al Futuro (Window to the Future) initiative
to simplify the administrative procedures to allocate public land for projects to produce green hydrogen
with an operational capacity of at least 20 megawatts (MW) by 2025 (IEA, 2022). Moreover, since the
Chilean National Development Agency’s (Corfo’s) call in December 2021 to finance and leverage green
hydrogen projects, a total of $50 million has been awarded by Corfo to six green hydrogen initiatives in
the country, expected to be operational in 2025 and to produce 45 kilotonnes (KT) of hydrogen annually
(IEA, 2023).

According to the IEA, Chile already has six projects which are operational and another three which have
received FID (IEA, 2023). Most of these projects are very small, the exceptions being phase one of
Haru Oni (operational) producing 1 MW in the form of green methanol (750,000 litres/year) and e-fuels,
as well as Walmart’s Quilicura Distribution Center (operational) producing 56 tonnes of hydrogen (600
kilowatts) per year to power the company’s fuel cell forklift vehicle fleet (IEA, 2023; Walmart, 2023). On
top of that, there are 50 projects which are currently either at the Concept or Feasibility Study stage,
including major ones like HyEx, Haru Oni (phases two and three), HNH, Atacama Hydrogen Hub, Los
Amigos del Verano, and Magallanes (IEA, 2023). Chile’s government estimates that 126 GW of green
hydrogen could eventually be produced using wind energy from Magallanes (Bartlett, 2022). The HNH
and HyEXx projects already include (Concept stage) plans for associated ammonia storage capability for
export to be developed as well, with the latter project also including feasibility studies to build a
dedicated 150 km onshore pipeline (IEA, 2023). Another thing to note is that Chile’s announced projects
cover a wide range of hydrogen-based products (IEA, 2023). All in all, the IEA estimates that Chile
could have a total of up to 2.7 MT per year of hydrogen-equivalent available for export by 2030 if all

10 |n fact, the total amount of low-emission hydrogen to be traded by 2030 based on announced off-take agreements, according
to the IEA, is miniscule in comparison to host government stated goals and EU stated import targets (IEA, 2022; 2023).
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announced projects were realised, and this represents about 10% of the global total (IEA, 2023).
According to RMI, Chilean exports to the EU are expected to reach around 1.2 MT per year by 2030
(Tatarenko, Janzow, Rosas, & Homann, 2023).

Australia

Australia aims to be among the world’s top three exporters of hydrogen to Asian markets (Carey, 2021)
and its government has invested over $1 billion to stimulate the domestic hydrogen industry, including
co-sponsoring seven hydrogen hubs across the country (Government of Australia, 2021). Overall,
Australia is second only to Germany in terms of government financial support dedicated to green
hydrogen (IRENA, 2022).

According to the IEA, Australia already has nine projects which are operational and another 18 which
have received FID (IEA, 2023). The sizeable projects which are currently operational are Hydrogen
Park South Australia (1.25 MW) and Jemena’s H2toGo (500 kilowatts), which produce hydrogen for
blending into existing natural gas networks (IEA, 2023). The former has also received FID to become
capable of producing 250 MW of hydrogen for balancing the electricity grid, which is dependent on
variable renewable power generation (Parkinson, 2023; IEA, 2023). Another major project which has
received FID is Origin’s Hunter Valley hydrogen hub, at 55 MW, to be used to produce green ammonia
as well as hydrogen to power buses and trucks at the hub (Carroll, 2023; IEA, 2023). Moreover, the
Yara Pilbara green ammonia production (10 MW) and storage for export (3.7 MT/year) project is
currently under construction, along with the project to repurpose the Parmelia 43 km onshore gas
pipeline for hydrogen transport (IEA, 2023). In addition, the country has 102 production, 23 export and
shipping, and three new onshore pipeline projects which are either at the Concept, Feasibility Study, or
Design stage; including major producers like Murchison (3 GW), H2Perth (3.25 GW), H2-Hub Gladstone
(3 GW), HyEnergy Zero Carbon Hydrogen (8 GW), and Western Energy Hub along with its export
terminal (20 MT of ammonia per year). Australia’s announced projects cover a wide range of hydrogen-
based products (IEA, 2023).

In fact, the world’s first shipment of liquefied hydrogen (produced from coal) from Australia to Japan
took place in February 2022 onboard the Suiso Frontier, which has a maximum capacity of 1,250 cubic
meters — equivalent to 75 tonnes of liquified hydrogen per trip (IEA, 2022). In the area of technology
leadership, Australia has excelled on the global stage, developing hundreds of patented inventions
during 2010-2020, thereby enabling itself to have great influence on standards and operating
frameworks across the hydrogen value chain (IRENA, 2022). Since 2018, the country has increased
the share of hydrogen in its energy-related research, development and demonstration budget, reaching
25% of a total of $309 in 2021 (IEA, 2023). Moreover, the government of Australia has been proactive
in integrating green hydrogen into its energy regulation through a certification scheme (including for
ammonia) which it launched in 2021 (IRENA, 2022; IEA, 2022) and translated into regulation in 2023
by incorporating it into the country’s National Gas Law and National Energy Retail Law (IEA, 2023).

All in all, the IEA estimates that Australia could have a total of up to 6.0 MT per year of hydrogen-
equivalent available for export by 2030 if all announced projects were realised, and this represents
about 20% of the global total (IEA, 2023). IRENA predicts, according to its Optimistic Technology
scenario, that Australia will have the largest surplus of ammonia production in 2050 and will be the main
supplier to Asian countries (IRENA, 2022). According to RMI, Australian exports to the EU are expected
to reach around 1.6 MT per year by 2030 (Tatarenko, Janzow, Rosas, & Homann, 2023).

Comparison

Australia ranks the highest in terms of its green hydrogen pilot and development projects thanks to the
relatively high number of projects which are either operational or at advanced stages, high production
capacity which is expected to be online by 2030, and high amount of exports expected to be EU-bound
by 2030. Australia is currently also a global leader in technological aspects, and the level of support
provided by the government surpasses that of the other two host countries. Morocco on the other hand
ranks the lowest as it has the lowest amount of expected exports by 2030 and the fewest announced
projects overall (none of which are operational yet).
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2.3 Expectations for Domestic Demand

This indicator measures the likelihood of produced green hydrogen being used to supply the domestic
market of the host country and the potential for that to put pressure on supplies which would otherwise
be earmarked for export to the EU. It covers indications in the host country which would imply growing
future demand potential, such as pilot projects to convert significant domestic industrial applications to
use green hydrogen in the future. Given that off-take agreements are yet to be signed for the majority
of announced projects worldwide (IEA, 2022), it is fair to consider the situation to be fluid enough for
domestic demand to potentially take priority over exports if that is deemed to be most advantageous for
the host country’s project sponsors and domestic industry.

Morocco

Morocco does not have sufficient power generation to power its domestic market, and has therefore
been importing electricity from Spain through its two interconnectors with the EU country in growing
amounts since at least 1997 (record figure reached in 2022) (TRADING ECONOMICS, 2023). Morocco
plans to expand its existing interconnections and to add a third interconnector to Spain as well as its
first to Portugal (IEA, 2019). On the other hand, it is more likely than ever now that a project to develop
a giant undersea cable to transfer electricity between Morocco and the United Kingdom (UK) will be
executed since Conenergy, a German investor, has committed millions of pounds to the project in
partnership with Xlinks, the company developing the cable (Mavrokefalidis, 2022). The investor
consortium for this project now includes Abu Dhabi’'s TAQA, the UK’s Octopus Energy Group, and
France’s TotalEnergies SE (Petrova, 2023).11 Meanwhile, electricity access is virtually universal across
Morocco, connection costs are high, electricity prices for businesses have been increasing, and the
country still imports 93% of its energy needs (IFC, 2019). This means that the North African country’s
remaining renewable power generation potential is currently being competed for by projects to increase
its domestic grid power supply and those to generate electricity for export, in addition to its domestic
green hydrogen production projects.

As for green hydrogen itself, this is likely to find use in Morocco to produce ammonia to replace imports
for fertiliser production and to stabilize the grid as more power gets generated from variable renewables
(Wouters, 2020; WEC, 2022; Franza, 2021). According to Wouters, while an electricity grid which
receives 50% of its power from variable renewables should still be manageable through conventional
means, at 100% it would need up to 20% green hydrogen to keep it stabilised (Wouters, 2020).This
implies that if Morocco were to achieve its renewable electricity target of 52% by 2030 (IRENA, 2022)
then it would become increasingly (exponentially even) reliant on its green hydrogen stocks in the years
to follow (Wouters, 2020). Given OCP’s commitment to use domestically produced green ammonia to
produce the fertilisers which it exports coupled with the current lack of any announced export terminal
project for the kingdom’s green hydrogen via any pathway (IEA, 2023), this leads to the presumption
that Morocco’s primary objective during the current decade is to use its green hydrogen locally to
improve the competitiveness’? of its domestic fertiliser production industry — which itself is largely
export-oriented nonetheless.

Chile

Chile’s National Green Hydrogen Strategy of November 2020 anticipates that the first stage of green
hydrogen adoption, during the first half of the 2020s, will be mainly aimed at replacing existing grey
hydrogen demand in oil refineries as well as replacing ammonia imports which supply the domestic
market (IFC, 2022). Meanwhile, the country’s National Heat and Cold Strategy of 2021 aims for 80% of
household heating and cooling to be powered through ‘sustainable’ energy use, including electricity

11 Reference is given in this source to powering UK homes, meaning that the electricity which is earmarked for export from
Morocco does not seem to be for the purpose of generating hydrogen on the buyer’s end or for feeding into any of the
applications/processes for which hydrogen is (or will be) needed.

12 OCP believes that it could cut the overall cost of its existing fertiliser production processes (for existing trade deals) by
restructuring its ammonia supply chain, purchasing renewable electricity at a cheaper price, and streamlining its ammonia costs
by hedging against price fluctuations (Martin, 2023; Anice, 2023). This means that, separately, there would also be potential for
‘green fertiliser’ exports to the EU in the future, albeit these would be made at a premium.
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from renewable sources (REN21, 2022). Also in 2021, a new energy efficiency law was passed to
require hydrogen to be blended into natural gas grids at up to 10% concentration (WEC, 2022).
Nevertheless, private sponsors and investors see the economic value of these projects to be based on
exports (IFC, 2022; Barros, 2024), a view echoed by PwC (PwC, 2023) and the WEC (WEC, 2022). In
fact, Chile has only one cross-border electricity connection (net exporter to Argentina) and has therefore
invested heavily in generation capacity to satisfy growing domestic demand (IEA, 2018). As of 2023,
more than half of Chile’s planned hydrogen generation capacity, and just under half of all projects in the
country (mostly in the south), aim to export to overseas off-takers (BNamericas, 2023).

Other potential demand could come from forklifts and heavy-duty trucks for the domestic mining
industry, although there are still technological gaps as well as competition from other low-carbon
(electric) solutions for this sector (IFC, 2022). Nevertheless, Chilean authorities are keen to see
hydrogen replacing diesel to power 87% of the country’'s 1,390 haulage trucks in the mining sector by
2050, and there is currently a pilot project at Antofagasta PLC's Centinela copper mine to integrate
hydrogen into large mining equipment (Barich, 2022). This in fact is only one of more than 40 such
projects (at various phases) which have been indicated by the Chilean Energy Ministry (Acosta, et al.,
2022). On the other hand, while Chile’s local demand for fertiliser is likely to remain low the regional
demand is likely to be high, especially in Brazil (IFC, 2022), meaning that some of the green hydrogen
produced in Chile could end up being used as feed-in stock to produce fertiliser for export to the Latin
American country’s neighbours instead of being exported to the EU.

All in all, Chile boasts a combination of self-sufficiency in its electrical energy supplies and limited
potential domestic demand, during this decade at least, for the green hydrogen which it plans to
produce. Instead, the country’s strategy seems to prioritise exports as a driver for growing its domestic
green hydrogen sector. This makes it a promising host country as far as green hydrogen export potential
is concerned.

Australia

While low-carbon hydrogen is likely to be used in the decarbonisation of Australia’s ammonia and
methanol production, iron and steel production, and various refining applications, the country’s priority
is for this sector to be primarily export-driven (WEC, 2022). For example, e-fuels exports are expected
to become a key growth vehicle for this emerging industry — especially exports to East Asian markets
(Barros, 2024). Nevertheless, the country also wants to see low-carbon hydrogen powering its heavy-
duty transport; including heavy trucks, buses, and mining machinery, and is considering its use in power
generation and its potential to be blended with natural gas in existing residential appliances (WEC,
2022; IEA, 2022; IEA, 2023).

Studies suggest that it would make better economic sense to produce steel from green hydrogen in
Australia and then export it rather than exporting the green hydrogen, via some carrier, to a steel-
producing country which would then need to reconvert the hydrogen before using it for its processes
(IRENA, 2022). Alternatively, Hot Briquetted Iron (HBI) could be produced in Australia and then
exported to steel manufacturers worldwide, as is the case for Fortescue’s planned Christmas Creek
Green Iron Commercial Plant project (Fortescue, 2024). Australia today exports iron ore as opposed to
HBI or steel (IRENA, 2022). Moreover, Australia has started to promote the development of green
hydrogen refuelling networks, and in 2022 the New South Wales, Victoria, and Queensland regional
governments launched a hydrogen highways initiative aimed at developing a network along the
country’s eastern seaboard for heavy transport and logistics by 2026 (IEA, 2022). Meanwhile,
Australia’s Fortescue Metals Group is testing a hydrogen-powered haul truck for roll-out during 2025-
2030, and Hyzon Motors plans to imminently deliver five heavy fuel-cell electric trucks to transport zinc
concentrate and ingots along a short route which connects a port and a zinc refinery in Australia (IEA,
2022; CEFC, 2023).

All of the above signifies that Australia’s green hydrogen ambitions are mainly export-driven, albeit the
country also has big ambitions to use this product as part of its own domestic energy transition. This
does not come as a surprise given that Australia is a large and advanced economy with high energy
demand. That said, while the imperative for exports is clear, the drive behind the domestic energy
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transition tends to fluctuate depending on the political party governing it during any particular term
(Craen, 2023).

Comparison

Given the above, Chile ranks the highest in terms of its domestic demand for green hydrogen, which
would intuitively favour low expected demand in the host country to maximise export potential to the
EU. This is because the country combines impressive renewable electricity generation potential (like
Morocco does) with significant announced hydrogen production capacity (much more than Morocco
has) and self-sufficiency of its domestic power sector (unlike Morocco). Also, unlike Australia the Latin
American country has limited industrial applications for which it is likely to use the green hydrogen which
it produces — at least within the current decade. Morocco on the other hand ranks the lowest because
the country looks to be pursuing renewable electricity export projects to Europe alongside those for
domestic green hydrogen production, and is yet to achieve self-sufficiency in its domestic power market.
Moreover, most of the momentum related to green hydrogen seems to be in supplying the kingdom’s
domestic fertiliser production industry, at least for the time being.

2.4 Status of Renewable Electricity Sector

In this section, countries are compared in terms of the strength and development level of their domestic
renewables sectors, which is measured in terms of generation capacity, government support,
integration into the national grid, state of the national grid, regulation, and outlook for future capacity
additions. While it is understood that many green hydrogen projects are likely to have dedicated
renewable power generation facilities for producing the electrolytic product, it is insightful to look at each
country’s history and ambitions with regards to renewables as an indication of how their future
development and operation might pan out when they get put to use for producing hydrogen. This is
particularly important given that the largest component of the levelized cost of green hydrogen
production will come from renewable power generation (Patonia & Poudineh, 2022), and much of the
electricity supply might still come from the national grid (ETC, 2021). A host country with an
underdeveloped or troubled renewable power sector poses significant risk to the developer as well as
the operator of a green hydrogen production project which is dependent on ample supply of renewable
power.

Morocco

Morocco’s priority is to reduce the country’s dependence on energy imports, which included 17% of its
electricity needs in 2016 (IEA, 2023; Saifaddin, 2023), while also lowering the energy intensity of its
economy and fighting climate change (IFC, 2019). Therefore, the government has set a target to
achieve 52% installed renewable energy generation capacity relative to total by 2030 in its National
Energy Strategy, which was adopted in 2009 (IFC, 2019), and then 70% by 2040 and 80% by 2050
(Helmeci, 2023). In 2021, the government has provided $5.6 billion for major solar projects in the
country (REN21, 2022), and the country’s electricity imports have gone down during the past few years,
reaching just over 5% in 2021 (IEA, 2023; Saifaddin, 2023). On the other hand however, most of
Morocco’s electricity continues to be generated using coal (IEA, 2023), and the country’s coal power
plants have been upgraded in recent years to run until 2044 in line with extending the Power Purchase
Agreements (PPAs) which underpin them (Anice, 2023). This means that it would not be possible to
use the country’s grid network to produce green hydrogen close to its Maghreb-Europe natural gas
pipeline entry point any time soon.

The leading state-owned enterprises responsible for Morocco’s energy infrastructure are ONEE for
electricity (including transmission) and water supply, and MASEN for renewable energy, and the
expansion of renewables in the North African country has been a largely state-led and centralised
undertaking (IFC, 2019; Hydrogen Central, 2022). During the 1990s, Morocco carried out reforms to
allow private participation in its power sector and to achieve universal access to electricity, with the
national average rate increasing from 18% in 1995 to 98.9% in 2018 (IFC, 2019). Meanwhile, the partial
liberalization of the generation segment has allowed private Independent Power Producers (IPPs) to
participate in the market through concession contracts, and this is the main reason for the total electricity
supply produced by ONEE going down from 95% to below 30% of the country’s total during the same
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period (IFC, 2019). The country has established a competitive IPP auction programme, which has seen
corporate PPAs give onshore wind development a boost while the state drove the expansion of solar
photovoltaic (PV) and green hydrogen projects (IEA, 2023). On the other hand, MASEN has continued
to off-take electricity at a loss while the power sector continued to lack an independent regulator (IFC,
2019). As a result, IPPs currently face too much uncertainty and have too little clarity regarding the
integration of renewable energy into Morocco’s grid, and these issues would need to be addressed in
order for the country to attract more private investment (IFC, 2019; Hydrogen Central, 2022).

Total renewable power generation in Morocco; comprising wind, solar and hydro, stood at 8,140
gigawatt-hours (GWh) in 2021 (IEA data for 2022 unavailable at the time of writing), and made up
roughly 19% of the country’s overall power generation (IEA, 2023). The Ministry of Energy expects to
see an additional 14 GW of renewable energy added to the grid in Morocco by 2027 (Helmeci, 2023)
on top of the current capacity of 3.7 GW (Statista, 2023). However, while Morocco’s government has
been instrumental in facilitating private investment in the country’s infrastructure projects through hybrid
financing which combines project finance with public funding and state guarantees (IFC, 2019; Baker
& Benoit, 2022), this may not be sustainable in the future given the country’s limited fiscal space (IFC,
2019). Moreover, the expansion of the grid which accompanied the increase of the country’s installed
generation capacity has also been accompanied by an increase in network losses to %13.4, a high
figure when compared to countries like Egypt (11%) and Saudi Arabia (7%) for example (IFC, 2019). In
fact, the IEA predicts only 4.4 GW of renewable capacity to be added in Morocco by 2027, with roughly
10% of that to be dedicated to green hydrogen production (IEA, 2023). Realistically, Morocco would
need to multiply its current capacity several times before it could produce green hydrogen in meaningful
guantities for export (Anice, 2023).

Chile

This country aims for renewable power to make up 80% of its national electricity mix by 2030
(Buchsbaum, 2023). Thus, as part of Chile‘s Net-Zero strategy, the country has set a carbon tax since
2017 and has set a retirement schedule for its coal power plants (IEA, 2021; IEA, 2023), with two thirds
of these set to be closed by 2025 (IEA, 2023), thereby devising a concessional finance mechanism to
monetise avoided carbon emissions (IEA, 2021). The country’s investment in renewable energy
development has ranged from $1 billion to $5 billion annually during 2013-2020, which is very large
relative to other developing economies (IRENA, 2023). Chile has also not pursued a subsidised
approach in developing its renewable energy market, relying instead on long-term competitive tenders
for PPAs, a strategy which has led electricity prices to decrease significantly during 2013-2017 (IFC,
2022). This has been in combination with the state expanding its role in energy planning in order to help
boost project development in the country (IEA, 2023). Another good example of this is in the country’s
electricity transmission, which has been interconnected since 2017 under one system (IEA, 2023), and
has issued one of the two largest Emerging Market & Developing Economy (EMDE) country project
bonds (at $1 billion) of 2021 (Baker & Benoit, 2022). To develop its interstate transmission lines, much
like other Latin American countries, Chile has allowed private companies to finance, build, and operate
the lines under long-term contracts before transferring them over to the government once the contracts
have expired (IEA, 2021). In March 2022, Chile became the first country worldwide to issue a
sustainability-linked bond in local currency, the aim of which is for the issuer to achieve set GHG targets
and produce at least 60% of its energy from renewable sources by 2032 (Madeira & Pérez, 2023).

Total renewable power generation in Chile; comprising wind, solar, hydro, and geothermal, reached
44,231 GWh in 2022, and has risen to make up roughly 50% of the country’s overall power generation
(IEA, 2023). This might explain why 10 of Chile’s announced green hydrogen production projects, all of
them slated for start-up during this decade, plan to source their electricity at least partially from the grid
(IEA, 2023). On the other hand, the increase in variable renewable power generation is increasingly
challenging the country’s ability to balance its national grid, which has suffered from inadequate power
transmission infrastructure leading to frequent curtailment (IFC, 2022). Moreover, the Chilean public’s
resistance to the development of additional hydropower generation capacity could further limit the
country’s ability to balance its national grid as it becomes increasingly reliant on variable renewable
power generation (IFC, 2022). Thus, this could result in some of Chile’s produced green hydrogen being
used to help balance the country’s grid. According to the IEA, it is expected that Chile’s renewable
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energy capacity will more than double by 2027, reaching 45 GW, with most of this coming from onshore
wind and half of it going towards green hydrogen and ammonia production (IEA, 2023). On the other
hand, according to IRENA the combination of Chile’s existing 12.5 GW of renewable generation
capacity at the end of 2021, 4.3 GW from wind and solar projects expected to come online by 2024,
and more than 10 GW of future capacity additions which have received environmental approval so far,
adds up to only 26.8 GW (IRENA, 2022).

Australia

Having achieved its federal target for renewable energy (LRET) in 2019, Australia is currently targeting
43% reduction of its carbon emissions by 2030 compared to 2005 levels through the build-out of
renewables (IEA, 2023), which should get them to an 82% share of the national electricity mix by that
year (IEA, 2023). Renewable power penetration in Australia is currently greater than demand (IEA,
2023), especially given the geographic unevenness of this penetration, such as solar power’s highest
concentration being in South Australia (IEA, 2018). On the utility scale, the IEA predicts that Australia’s
renewable power capacity will increase more than 85% by 2027, encouraged by state-level auctions
and incentives as well as strong corporate power purchase activity, adding nearly 40 GW of capacity
mainly from solar PV through dedicated renewable energy zones (IEA, 2023). However, this will only
add to the existing challenges of intermittency and high transmission costs caused by bottleneck
interconnectors between Australia’s states, which is why the federal government has been
implementing reforms in recent years on the retail, system operation, planning, and market design fronts
to secure supplies (IEA, 2018; IEA, 2023).

Total renewable power generation in Australia; comprising wind, solar and hydro, stood at 80,806 GWh
in 2022, and made up roughly 30% of the country’s overall power generation (IEA, 2023). Seven of
Australia’s existing and future green hydrogen production projects, with announced start-up dates which
are within this decade, use (or will use) grid electricity (IEA, 2023). This is not only fewer than in the
case of Chile, but also none of these projects are at the same order of magnitude as the Chilean ones
— two of which are at 2,000 MW capacity (IEA, 2023). This might be a reflection of Australia’s current
percentage of grid electricity generated from renewables being much lower than in Chile. Nevertheless,
the IEA predicts that Australia will be second only to China in the amount of renewable generation
capacity which it plans to add until 2027 purely for green hydrogen production (17% of the country’s
total renewable deployment), with the predicted world total addition in that forecast being 50 GW (IEA,
2023).

Comparison

Based on the above, both Chile and Australia seem to have highly developed and integrated renewable
power sectors which are incentivised by the government, developed and funded mostly by the private
sector, and integrated into national-level deregulated markets. While Australia is the host country with
higher current and future generation capacity, Chile is the one where renewables currently contribute a
higher share of electricity generation. On the other hand, Chile will likely need to replace its generation
capacity from hydropower in the future as that infrastructure ages and becomes less popular with the
public. Nevertheless, given the greater progress made so far by Chile towards enabling its national grid
to integrate future green hydrogen projects, the Latin American country ranks the highest on this
indicator. Morocco on the other hand, while also boasting a strong and highly integrated renewable
power sector, is at a disadvantage compared to the other two host countries, and therefore ranks the
lowest. This is because the penetration of renewables into its electricity mix is lower, its total renewable
generation capacity is lower, its future capacity additions are expected to be lower, and its regulatory
uncertainty remains higher.

2.5 Common Initiatives with EU Countries and Institutions

In this section, each country is examined in terms of its existing trade, partnership, and collaboration
agreements on green hydrogen with EU Member States, institutions within those Member states, and
EU-wide government and financial institutions. The aim is to evaluate how the host countries compare
in terms of the likelihood of their green hydrogen developers to strike supply agreements with EU
buyers. The deeper and more numerous the commitments between the host country and EU countries,
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the higher it ranks on this indicator as this translates into higher potential to supply the EU and to
increase this supply in the future.

Morocco

When Morocco’s government published its green hydrogen roadmap in 2021, this was soon followed
by a bilateral trade agreement with Germany (MEM, 2021). The North African kingdom is currently
collaborating, either bilaterally or through other channels, with EU Member States including Germany,
The Netherlands, Portugal, and Spain on green hydrogen development, trade, transportation, and
usage (Fraunhofer, 2019; IEA, 2022; IRENA, 2022; IFC, 2022; WEC, 2022; Green Hysland, 2023; IEA,
2023). More recently, France has shown interest at the industrial and presidential levels in collaborating
with Morocco as well (Blinda, 2023). In addition, the North African country is collaborating with the EU
as a whole to ensure that there is alignment between its green hydrogen ambitions and those of the
EU, including on the Africa Green Hydrogen Alliance (launched on the same day as the EU’s
REPowerEU plan) and a Green Partnership (the first ever signed by the EU with a partner country)
(Kneebone & Piebalgs, 2022; DG NEAR, 2022).

Chile

Chile is currently collaborating, either bilaterally or through other channels, with EU Member States
including Germany, Belgium, The Netherlands, Spain, and France on green hydrogen development,
trade, transportation, and usage (WEC, 2022; IEA, 2022; 2021; 2023; IRENA, 2022). During COP26 in
Glasgow in November 2021, the ports of Antwerp and Zeebrugge signed an agreement with the Chilean
Ministry of Energy to supply green hydrogen to Europe at prices which could be as low as 1.10 euros
per kg ($1.20/kg) (RN, 2021). In addition, the Haru Oni project has already secured off-take for its entire
current production of e-gasoline (130,000 litres a year) from Germany’s Porsche (Porsche, 2023), and
the HNH project partnership now includes Denmark’s Copenhagen Infrastructure Partners (CIP) as part
of the private equity firm’s Energy Transition Fund alongside the project’'s developer, AustriaEnergy
(CIP, 2023; AustriaEnergy, 2023). Moreover, the EIB and Germany’s KfW have agreed to provide up
to 100 million euros ($110 million) each to finance Chile’s green hydrogen production projects, in
addition to a grant of €16.5 million ($18.2 million) from the EU Latin America and Caribbean Investment
Facility for the same purpose (Possenti, 2023).

Australia

Australia’s supplies of green hydrogen to German companies, totalling 5.1 MT/year, are targeted to
commence by 2030 according to MoUs currently in place (Macdonald-Smith & Eyers, 2022; IEA, 2022).
Moreover, the governments of the two countries have committed $90 million to support joint research
on all aspects of the green hydrogen value chain (IEA, 2022), and this is part of the broader German-
Australian Hydrogen Alliance headed by the German-Australian Chamber of Industry and Commerce
and including Deutsche Bank (AHK, 2023; Deutsche Bank, 2021). The Netherlands has also agreed,
through the Port of Rotterdam, to purchase Australian low-carbon hydrogen (IRENA, 2022; GLOBE
NEWSWIRE, 2022), and more recently there are plans for Danish investment to go into several
Australian green hydrogen projects via the Nordic country’s private equity firm, CIP (Vorrath, 2023),
including the Murchison project which forms part of the Danish firm’s Energy Transition Fund (CIP,
2023).

As for the EU as a whole, a broad framework agreement was signed between Australia and the bloc in
August 2017 and then came into force in October 2022, with areas of cooperation including ‘Sustainable
development, energy, and transport’ (CEU & EC, 2022). This is highly likely to expand the scope of
green hydrogen cooperation and trade given the precedent set by Australian-German bilateral relations.

Comparison

Despite its geographic proximity to Europe and the numerous collaboration avenues established
between it and EU Member States, as well as the EU as a bloc, Morocco does not seem to have signed
any significant firm supply agreement with an EU buyer yet. Meanwhile, Chile is the only one of the
three host countries to have secured a firm supply agreement with EU buyers so far. Australia on the
other hand has signed two MoUs with EU buyers to supply amounts which are much greater than those
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of Chile’s firm orders. Also, while Morocco has been a big recipient of EU funding towards its
infrastructure development, Chile is set to receive EU funds which target its green hydrogen sector
specifically. While Australia would likely not be a recipient of any EU development fund support given
its advanced economy status, it has secured a bilateral alliance with Germany on the development of
the green hydrogen value chain. Thus, Australia ranks the highest when it comes to this indicator and
Morocco ranks the lowest.

2.6 Common Initiatives with Non-EU Countries and Institutions

In this section, each host country is examined in terms of its existing trade, partnership and collaboration
agreements with other non-EU countries, their institutions, and global financial institutions which are
not exclusive to the EU. The aim is to evaluate how the host countries compare in terms of the likelihood
of their green hydrogen developers to strike supply agreements with non-EU buyers in the future. The
deeper and more numerous the commitments made between the host country and such countries, the
higher the competition for its green hydrogen supply capacity is likely to be, which means lower
likelihood of the host country being able to ramp up its supply to the EU in the future. Therefore, while
global cooperation would rightly be seen as a good thing for a host country’s green hydrogen sector
overall, here it is deemed to lower the country’s ranking as far as its potential to supply the EU is
concerned.

Morocco

Outside the EU, Morocco has a bilateral partnership with Singapore (WEC, 2022) and is collaborating
with firms in China and Saudi Arabia to develop green ammonia production (Yihe, 2023) as well as with
UK firms (Ghilotti, 2022). Meanwhile, the biggest importers of Moroccan fertilisers are non-EU countries
(OEC, 2024), meaning that the kingdom would need to attract new buyers in EU Member States, or
expand its trade with the existing ones, if it were to turn its fertilisers into a significant EU export pathway
for its produced green hydrogen in the future. Moreover, the United Nations Industrial Development
Organization (UNIDO) is partnering with Morocco’s government on the development of the country’s
green hydrogen sector through various mechanisms, including the Green Climate Fund (UNIDO, 2022).

Chile

Chile has bilateral partnerships with Colombia, Singapore, the UK, South Korea, and Australia; the latter
being on demand-side technology and involving Japanese and French corporations (WEC, 2022; IEA,
2022; Jamasmie, 2021). In addition, the World Bank (WB) is actively supporting Chile’s development
of its green hydrogen sector through a combination of finance, certification, and carbon pricing (Kane
& Gil, 2022), and has agreed to provide $150 million in loans to help develop the Latin American
country’s green hydrogen sector (Yamashita & Luco, 2023).

Australia

Australia currently has bilateral partnerships on green hydrogen with South Korea (IEA, 2022), the UK
(IEA, 2023), India (IEA, 2023), and Japan (WEC, 2022), with the latter’s imports expected to grow to 9
MT per year by 2050 and to come mainly from Australia (IRENA, 2022). In 2023, an Australian-South
Korean consortium made a preliminary land deal with the regional government of Western Australia to
develop, in the latter’s state, a green hydrogen and ammonia project which aims to start exporting to
South Korea by 2027 (Parkes, 2023). Then there is China, who has high demand for steel and is under
pressure to decarbonise its industry, which means that Australian steel manufacturers might seize the
opportunity to use green hydrogen to make low-carbon steel and sell it to the East Asian giant (IRENA,
2022; GT, 2023). Another source of competition to future supplies to the EU comes from the Sun Cable
project, which aims to develop a 5,000 km long HVDC cable which transmits Australia’s renewable
electricity domestically to Darwin and internationally to Singapore (Sun Cable, 2023).

Comparison

With the industrialised economies of the Asia-Pacific region being the biggest competitors to the EU for
future green hydrogen supplies (Toyama, 2022), it is clear from the discussion above that they have
focused most of their investment and efforts on the up-and-coming producer which is geographically
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closest to that region — Australia. Also, there seems to be more involvement of the high-demand centres
of Asia-Pacific, and even from the Australian government, in Chile’s green hydrogen projects than in
those of Morocco. This may be a reflection of the varied levels of progress made so far by each of these
host countries in developing their respective renewable power generation and green hydrogen
production capabilities. While several companies based in non-EU countries have plans to develop
green hydrogen projects in Morocco, these are not necessarily indicators of future bilateral trade
between those countries and Morocco of the product. Thus, Morocco ranks the highest on this indicator
because it looks to be the country with the least non-EU competition for its future green hydrogen
supplies while Australia ranks the lowest.

2.7 Maritime Infrastructure Availability

A key element of a host country’s ability to export its green hydrogen via the ammonia, methanol, e-
fuel, liquified hydrogen, or LOHC pathways is the availability of maritime infrastructure. This is also an
important indicator of the quality of a host country’s supply chains in general and will thus have a direct
impact on the costs of developing and operating its green hydrogen production infrastructure. Hydrogen
processing, storage, and shipping will require a combination of new infrastructure development,
upgrade of existing infrastructure, and technological advancement anywhere in the world. While the
status of port infrastructure upgrade projects for green hydrogen export in each host country has been
discussed in Section 2.2 above, the discussion here is about all available ports in each country.

Morocco has a total of 22 ports on its coast (Ports, 2023) and a land surface area of 446,550 km2 (World
Data, 2023). In comparison, Chile has 74 ports (Ports, 2023); more than three times the number of ports
that Morocco has, and only roughly 60% larger land surface area; at 756,700 km2 (World Data, 2023).
This does not only mean that Chile has more numerous shipping outlets and inlets for its green
hydrogen production projects, but also that a facility hosted in the Latin American country is likely to be
closer to the nearest port than in the case of Morocco — thus lower domestic land transportation costs.
Australia on the other hand has 221 ports (Ports, 2023); about three times as many as Chile, and a
surface area of 7,741,220 km? (World Data, 2023); more than 10 times that of Chile. This means that a
green hydrogen producer in Australia is likely to be further away from the nearest port than one located
in Chile. This makes sense considering that Chile, unlike Australia or Morocco, stretches a long way
from north to south along its coast (on the Pacific Ocean) and extends very narrowly inland (World Data,
2023).

Since Chile has the highest number of ports relative to its land surface area and enjoys the advantage
of having a long coastline relative to its surface area, the country ranks the highest on this indicator.
Australia on the other hand has the lowest number of ports relative to its land surface area. The
combination of that with the country’s relatively high wages will likely result in its green hydrogen supply
chains incurring relatively high costs. For this reason, the Oceanic country ranks the lowest on this
indicator.

2.8 Chemicals Handling and Export Capability

An important factor for a country’s domestic green hydrogen production sector to pick up at a high pace
is the availability of infrastructure and capability to handle and export chemicals. Since most of Europe’s
demand for hydrogen currently goes towards oil refining, ammonia production (mostly for fertilisers),
and methanol production, these are the sectors which are compared here for the three host countries.

While oil-derived products are used widely around the world, some countries possess the capability to
extract these from crude oil on a large scale while others need to import them in large amounts to fulfil
their domestic demand. The refining of crude oil requires the input of hydrogen to remove sulphur from
the output products (Mohammadi, 2022). Morocco has an oil refinery which had been operational since
1959 but is currently idle as of 2015 (Menas Associates, 2022). Chile on the other hand has three
operational oil refineries (APERC, 2019), the first having come into service in 1954 (DEVAID, 2023).
Australia has two remaining oil refineries which are operational after having had two others close down
in 2021, before being converted into import terminals (F&L Asia, 2022). The country’s first oil refinery
came into service in 1949 (Laidlaw, 2020).
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Regarding ammonia, this is produced using hydrogen and is considered to be a carrier for hydrogen
transport (IEA, 2022; Royal Society, 2024). Morocco is one of the world’s biggest importers of ammonia
(OEC, 2024), however it has been using this chemical to produce fertilisers domestically via two
phosphate processing facilities, the first of which started up in 1965 (OCP, 2024), and is a major
exporter of these worldwide (Statista, 2023). This includes exports to the EU worth 100s of million US
dollars (OEC, 2024). Meanwhile, Chile imports ammonia in large amounts and re-exports some of it
(not to the EU) in very small amounts (OEC, 2023), and the rest is used to produce ammonium nitrate
domestically (Rouwenhorst, 2023), with some of the latter being exported to buyers in EU Member
States (Volza, 2023). On the other hand, Australia has produced ammonia since 1967 (EPA, 2023) and
is the 15th largest exporter of it worldwide (OEC, 2024). The country also uses some of its ammonia to
produce ammonium nitrate and fertilisers (EPA, 2023; Fertilizer Australia, 2024) and has been an
exporter of these for decades (TRADING ECONOMICS, 2024).

As for methanol, this is conventionally produced by steam-reforming of natural gas (AFDC, 2024),
although an alternative is to combine green hydrogen with captured CO2 (Patonia & Poudineh, 2022).
While methanol could also serve as a hydrogen carrier, this is not considered to be optimum as
discussed in Section 2.1 above. Morocco currently does not produce or export this chemical. Chile on
the other hand has been producing methanol since 1988 (Methanex, 2016), currently from two plants
since another two went idle in 2014 (Methanex, 2014), and has been an exporter of this chemical for
decades (CEIC Data, 2024) - mostly to buyers in Latin America and Asia Pacific (Methanex, 2024).
Australia used to produce methanol between 1994 and 2016, when its only methanol production plant
closed down (Smith, 2017).

In summary, Morocco does not have domestic oil refining operations anymore, whereas Chile and
Australia still do. Moreover, while all three countries produce and export various types of fertilisers,
Australia is the only country which also produces and exports the ammonia which is mainly used in
producing the former. As for methanol, Morocco does not have a domestic production sector whereas
Chile does, and it continues to export this chemical. Meanwhile, Australia used to have an operational
methanol production plant but not anymore. Thus, while all three countries continue to have strong
chemicals handling and export industries, it is Chile which is currently domestically involved in all of the
aforementioned sectors. On the other hand, Australia is the one which currently has domestic ammonia
production facilities and operations, and it is this chemical which is considered to be the most important
pathway for growing the green hydrogen sector worldwide.

2.9 Business Environment and Political Risk

Here, countries are compared in terms of ease of doing business, macroeconomic indicators, and how
developed their economies are. The idea is that once long-term green hydrogen development and off-
take contracts have been signed involving a host country, its internal business environment will be a
key determinant of the trajectory which the execution and fulfiiment of these contracts will take, which
in turn will ultimately determine their level of success from all stakeholders’ perspectives. This is
particularly important for green hydrogen, which will involve a network of complex operations and supply
chains that are yet to be streamlined anywhere in the world. According to the IEA, the level of financial
system development in a country is a strong determinant of its potential to fund clean energy projects
(IEA, 2021).

In addition, political unrest in a host country, its involvement in conflict with any of its neighbours, or the
introduction of policies which are unfavourable towards green hydrogen production/export, could result
in major disruptions to the continuity of the supply of hydrogen from that country to the EU if they were
to occur in the future. While the likelihood of such events is usually not very high, the expected long
durations of green hydrogen contracts do leave everyone involved exposed to the risk of any such event
occurring at some point during a project’s lifetime.

Morocco

According to Atradius, Morocco is a country of ‘moderate’ overall risk (Atradius, 2023), and the WB
ranks the country 53" out of 190 countries worldwide in terms of ‘ease of doing business’ (WB, 2020).
Moreover, as of 2022 the country is ranked 94th out of 180 countries in terms of a Corruption Perception
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Index by Transparency International (Tl, 2023). Similar to other Middle East & North Africa countries,
the government’s strategy has historically been to maintain the status-quo by providing its population
with social security through subsidized goods such as energy, a practice which became so difficult to
abandon without risking significant political unrest (Shaar & Leal-Arcas, 2022). Regarding the private
sector, although a number of public-private equity funds have been established in Morocco during the
2010s through public initiatives (ADB, EBRD & EIB, 2021), it is likely that the public sector will play a
big role in the future development of Morocco’s infrastructure as it has done in the past (IFC, 2019).
Yet, the future investments needed are high and meeting them will require less reliance on public
spending and public guarantees (IFC, 2019).

During the past few decades, Morocco has had mostly positive GDP and private consumption growth
(Atradius, 2021); at 1.3% and -0.7% in 2022, respectively (WB, 2023). The GDP per capita was $3,495
in 2022 (WB, 2023) and has increased by 70% in real terms during 2000-2019 (Atradius, 2021). The
country had traditionally been a leading producer of agricultural products and phosphates, and has
more recently diversified its economy through structural reforms which have resulted in the development
of industrial manufacturing, including export-driven sectors such as cars, aeronautics, and electronics
(Atradius, 2021). Another important asset for Morocco is its geographic proximity to Europe which, along
with low unit labour costs and a slightly undervalued currency, makes the region its main export market
and allows the kingdom to be a strategic trade and investment hub connecting Europe and Africa
together (Atradius, 2021).

Morocco has been a stable monarchy for decades now, with its current king continuing to hold most of
the power and the state’s powers being limited (Atradius, 2021). While the king is popular with the
people and there is no immediate threat to the monarchy, protests have been taking place periodically
due to ongoing economic problems and corruption (Atradius, 2021). From a regional perspective,
Morocco has claimed sovereignty over the Western Sahara for decades, while fighting has broken out
again since 2020 between the kingdom and the independence-seeking Polisario Front after a 29-year-
long ceasefire (Atradius, 2021). Moreover, Morocco’s relationship with its neighbour, Algeria, has
deteriorated in the last three years (Euractiv, 2022; Vasques, 2023) as part of an ongoing rivalry
between the two nations, which has also been going on for decades (Dworkin, 2022).

Chile

According to Atradius, Chile is a country of ‘moderate-low’ overall risk (Atradius, 2023), and the country
is ranked by the WB 59t out of 190 countries worldwide in terms of ‘ease of doing business’ (WB, 2020).
The latter (relatively low) ranking is reflected, for example, in the long time which it takes just to get an
environmental permit for an infrastructure project in Chile — around two years (Barros, 2024). Moreover,
as of 2022 the country is ranked 27th out of 180 countries in terms of a Corruption Perception Index by
Transparency International (Tl, 2023). Chile joined the Organisation for Economic Co-operation and
Development (OECD) in 2010, having become the first country in Latin America to reach high-income
status (IFC, 2022). The country has established a robust regulatory framework which has successfully
promoted competition and competent institutions while also keeping corruption levels low (IFC, 2022;
Atradius, 2021). These reforms were initiated during the late 1970s and early 1980s, with private sector
support and price deregulation at their heart, and together with sustained commodity demand from
China have resulted in rapid economic growth ever since (IFC, 2022). Chile has 29 free trade
agreements with over 65 countries covering 88% of the global market by size (GOV.UK, 2023). The
challenge for Chile now is meeting the expectations of its population, whose standard of living is much
higher on average than it had been one or two generations prior, and this is not easy given that
economic growth has slowed down since the mid-2000s (IFC, 2022).

Chile’s GDP per capita of $15,356 in 2022 (WB, 2023) has grown 10-fold since the mid-1980s (WB,
2023), and its GDP growth of 2.4% and private consumption growth of 2.9% in 2022 (WB, 2023) have
both remained mostly positive during 2008-2021 (Atradius, 2021). Copper exports have historically
been a mainstay of Chile’s economy, and they continue to account for more than 40% of the country’s
export earnings; more than 30% of which come from China, and 10% of its GDP (Atradius, 2021). The
latter figure has decreased however compared to when it was more than 25% a decade ago (Atradius,
2021). The country was also the world’s second largest lithium producer in 2022, and unlike copper
production this sector is currently in the hands of private companies (Dempsey & White, 2023).
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Moreover, Chile’s service sector currently accounts for more than 60% of its GDP and the country is
highly integrated into the global financial markets (Atradius, 2021). The flipside to Chile’s relatively high
level of economic development is that concessional finance is now more difficult for it to obtain than it
used to be (IFC, 2022).

While this Latin American country has managed to maintain stability domestically for decades, during a
time when others in the region were plagued by war, organised crime, and/or political instability, there
are signs that the tide might be turning against Chile now (Miranda, 2023). Large social riots broke out
in October 2019 as a result of unhappiness caused by economic issues as well as the Pinochet-era
constitution (Atradius, 2021). As a result, the government had been trying to introduce a new
constitution since March 2022, however this did not go smoothly (Miranda, 2023; Buschschliiter, 2023)
and voters have rejected two proposed drafts (Cooney, 2023). Thus, political uncertainty is currently a
concern in Chile. Moreover, two challenges which are likely to have a direct impact on future green
hydrogen projects are left-leaning politics and environmental activism. For example, the current
president has stated in April 2023 that the state needs to increase its hold on Chile’s lithium industry
significantly, raising fears of outright nationalization in the future (Miranda, 2023; Dempsey & White,
2023). On the environmental front, 2014 saw protestors forcing the HydroAysén dam development to
be blocked on environmental grounds, even though the project had been approved in 2012 (IEA, 2021).
More recently, a 38-square-kilometer wind farm north of Punta Arenas slated for power generation to
produce green hydrogen got withdrawn from Chile’s environmental evaluation system (Bartlett, 2022).
Finally, while not directly related to the green hydrogen sector, Chile continues to experience recurring
flare-ups of violence and unrest resulting from long-standing grievances from its indigenous groups,
especially in the Araucania region (GOV.UK, 2023).

Australia

According to Atradius, Australia is a country of ‘low’ overall risk (Atradius, 2023), and the country is
ranked by the WB 14t out of 190 countries worldwide in terms of ‘ease of doing business’ (WB, 2020).
Moreover, as of 2022 the country is ranked 13th out of 180 countries in terms of a Corruption Perception
Index by Transparency International (TI, 2023). While historically this Anglo country had been reliant
on foreign investment and vulnerable to world markets, its governments have usually shown themselves
to be ready and able to intervene in the economy when necessary (Britannica, 2023). Nevertheless,
foreign interests have tended to play a significant role in this country’s affairs; starting with the UK,
followed by the US, and most recently by giant multi-national corporations (Britannica, 2023). In general,
the country has become increasingly involved in the Asia-Pacific region and has increasingly accepted
the inevitability of its comprehensive trade activity with that region, as well as of domestic deregulation
(Britannica, 2023). Most of Australia’s economic growth during the last few decades has been in the
services sector; including finance, transport, and trade, and this currently contributes about four fifths
of the country’s GDP while also employing three quarters of its labour force (Britannica, 2023). Over
the decades, Australia’s banking system has seen the federal and state governments gradually
relinquish their involvement in it (Britannica, 2023). Interestingly, the country’s liberal credit policy seems
to have resulted in some businesses falling increasingly short of their invoice settlement due dates in
recent years (Atradius, 2022).

In Australia, GDP ($1.69 trillion in 2022) and GDP per capita ($65,100 in 2022) have increased
dramatically; the former almost four-fold and the latter almost three-fold, during the 20 years from 2003
until 2022 (WB, 2023). Moreover, Australia’s current account balance has been positive since 2019,
unlike Chile’s or Morocco’s which have been negative for many years now (WB, 2023). Another
important industry in Australia is its highly advanced mining sector, including coal, iron ore, nickel, and
lignite (Britannica, 2023). The country holds one quarter of the world’s known low-cost uranium
reserves, however limited demand plus environmentalist objections have kept extraction rates
intermittent and low on average (Britannica, 2023). Moreover, Australia has the world’s largest
recoverable reserves of zinc and lead, as well as very large bauxite reserves, and has had a long history
of producing all of these in significant quantities (Britannica, 2023). Gold is another highly valuable
mineral of which Australia is a major producer worldwide (Britannica, 2023). Iron and steel
manufacturing are also very important — especially given that they are virtually monopolised by an
Australian-based multi-national company, BHP Billiton (Britannica, 2023).
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Given its geographical place in the world and its deep political and military ties to powerful Western
countries such as the US, Australia has hardly seen any armed conflict on its own soil since the dawn
of the 20t century (Britannica, 2023). Moreover, for just as long the country has been internally stable
politically (Britannica, 2023). Although the looming threat of a war in Taiwan would almost certainly
involve Australia in one way or another, thus bringing armed conflict pretty close to its doorstep, this
would most likely remain a localised conflict and not endanger Australia’s own sovereignty — albeit its
hydrogen shipments to the rest of the world would very likely come under threat in such an event (Hurst,
2023; Needham, 2023). As for internal politics, Australia’s energy policies remain a heated topic of
debate in a country which produces a lot of fossil fuels and yet has set itself ambitious decarbonisation
targets (Green, 2022). For example, the government rejected the development of the Asian Renewable
Energy Hub project in June 2021 on environmental grounds (Smyth, 2021). This is understandable in
a country in which 85% of the population lives in coastal areas, where infrastructure — including that
which will be used in the green hydrogen value chain — is vulnerable to the recurring extreme weather
events which have been taking place in recent years as well as sea level rise over time (IEA, 2018).

Comparison

In terms of GDP and GDP per capita, Australia has the largest economy and Morocco has the smallest
of the three host countries. Moreover, Australia and Chile look to have the most deregulated industries
while Morocco continues to retain a high degree of government involvement and market entry barriers.
Nevertheless, it's Chile which seems to have the least developed manufacturing sector. In addition,
Chile seems to be the most bureaucratic of the three while Australia looks to be the easiest to do
business in. Regarding corruption, Morocco is perceived to have the most of it while Australia is
perceived to have the least. In conclusion, Australia ranks the highest on the Business Environment
indicator and Morocco ranks the lowest. Regarding the Political Risk indicator, the virtual absence of
both armed conflict and political instability for more than a century inside Australia makes it rank the
highest. As for Morocco and Chile, the former is the one with higher geopolitical risk while the latter has
the higher risk of rising domestic turmoil and political uncertainty. While Morocco’s regional tensions
still show little sign of significant escalation in the near future, Chile’s internal turmoil has already had a
profound impact on the country. For these reasons, Chile is ranked the lowest on this indicator.

2.10 Comparison Roll-up

Taking the rankings of all ten indicators discussed above and rolling them up together yields the matrix
shown in Figure 6. While only three countries have been compared in this paper, and a diversified
investment portfolio would most likely include many more countries, the selection evaluated here makes
for a good example of how green hydrogen host country risks can be managed effectively through
diversification. The analysis shows that these three host countries complement each other’s strengths
and weaknesses in a manner which is well balanced.

Figure 6: Country rankings per indicator

Cotfntry/ Co§t of Project tatus Domestic Renewables 41] Non-EU Maritime Chemical Business Political Risk
Indicator Delivery

Demand Sector Collaboration | Collaboration | Infrastructure Sectors Environment

Note: Green is for highest rank, yellow is for middle rank, and red is for lowest rank. This is according to the Author’s
own assessment.
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3. Financing Hydrogen Projects

Given the scale, longevity, and fixed nature of hydrogen projects, many of them will most likely be
financed through the ‘project finance’ framework!3. Moreover, hydrogen projects in themselves are
unlikely to be economic on a stand-alone basis and would thus rely on incentives to take off (Craen,
2023).

Historically, ‘project finance’ has been used to fund the development of large-scale infrastructure
projects in emerging economies and has been characterised by a high proportion of debt in its financing;
more than 60% (Eiteman, Stonehill, & Moffett, 2020). On a global level, according to IRENA, project
finance made up most funding for renewable energy projects during 2013-2016 (59-67%) (IRENA,
2023). During 2017-2020 however, balance sheet financing has taken the lead instead (54-68%), with
ever increasing proportions of corporate debt, while project-level equity saw a decrease in its share of
the annual totals compared to the prior years (IRENA, 2023). Thus, the IEA predicts that off-balance-
sheet (project) financing of clean energy projects in EMDESs would only constitute 30-35% of the total
according to the Agency’s climate-driven scenarios (IEA, 2021). The contribution of off-balance-sheet
financing to green hydrogen projects would be even lower, at around 14% (IEA, 2021).

Offshore wind projects provide a useful precedent to green hydrogen projects around the world, and
thus it is likely that initial project financing for the latter will be highly leveraged, with debt making up 60-
65% of total investment, and terms will be limited to around 15-16 years to begin with before increased
confidence results in longer loan terms and even higher proportions of debt — 70-80% of total investment
(Craen, 2023). Historically, leverage (the relative level of debt in total financing) for greenfield offshore
wind power projects has increased from around 60% in 2006-2007 to around 80% during the 2010s, a
level similar to that seen historically in thermal power projects (PFI, 2021). According to IRENA, the
proportion of debt in financing renewable energy projects around the world has increased from around
23% in 2013 to around 57% in 2020 after peaking in 2017 at around 61% (IRENA, 2023). This resulted
largely from the introduction of significant amounts of corporate balance sheet debt, starting in 2015
(IRENA, 2023). Interestingly, while private investors contributed around double the amount of funds
provided by public investors during 2013-2020, with corporations providing around $1.13 trillion in total,
debt made up 75% of overall public investors’ financing as opposed to the 44% which made up the
overall financing from private investors (IRENA, 2023). Moreover, corporations provided 58-77% of
annual private investment in renewable energy projects worldwide between 2013 and 2018, before their
leading position was taken over by commercial financial institutions, who contributed 43% of financing
during 2019-2020 (IRENA, 2023).

Also according to IRENA, the cumulative number of agreements announced (including supply
commitments, feasibility studies, and memoranda of co-operation) for hydrogen trade around the world
has increased from only three in January 2018 to 90 in February 2022, with 43 of these being between
private entities (on both the buying end and the selling end), 24 between public entities, and the
remaining 23 between private and public entities (IRENA, 2022).

Long-term bilateral contracts with either clear pricing mechanisms or fixed prices are currently
underpinning the development of the green hydrogen sector because the developers and the
governments supporting them are assuming high risk given the lack of a hydrogen market (and thus
price) as well as the capital-intensive nature of such projects (IEA, 2022; IRENA, 2022). A common
provision, which gives added income certainty to sellers and helps developers reach project FID, is the

18 This section draws on interviews conducted with industry professionals who are knowledgeable about each of the countries,
and examples from publications and news articles which support the opinions of the interviewees. The interviewees are:

° Othmane Anice, a Lawyer who is based in Morocco and has extensive experience working on infrastructure projects in the
kingdom (Anice, 2023).

° Stephen Craen, an Energy Transition and Hydrogen Finance Specialist who is based in New Zealand and is a Visiting
Research Fellow at the Oxford Institute for Energy Studies with extensive knowledge of the Australian energy sector
(Craen, 2023).

° Helmut Kantner, General Manager at AustriaEnergy who is based in Austria and is involved in Chilean green hydrogen
projects (Kantner, 2023).

° Maria Ignacia Varela Barros, Head of Corporate and Project Finance at HIF Global who is based in Chile and is involved
in both Chilean and Australian green hydrogen projects (Barros, 2024).
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‘take-or-pay‘ framework (IEA, 2022); in which the buyer must either off-take the volumes agreed or pay
the seller in lieu (Eiteman, Stonehill, & Moffett, 2020). Once there is enough confidence in the green
hydrogen sector and market mechanisms have become more developed, future growth of this sector
could be underpinned by more flexible arrangements, whereby buyers could be exempt from destination
clauses for example and thus able to adapt to changing supply needs or market prices (IEA, 2022).

Another key consideration will be the allocation of risks. For example, lenders to Liquified Natural Gas
(LNG) projects have often received completion guarantees from project sponsors, whereas this has
often not been the case for offshore wind, such as the Dogger Bank offshore wind project in the UK in
which the lender group accepted the pre-completion risk (Craen, 2023).

3.1 Morocco

Historically, more than half of public infrastructure investment in Morocco has come from state-owned
enterprises, who have sourced a sizable amount of their funds from state-guaranteed long-term foreign
currency concessional loans and state-guaranteed domestic loans, altogether amounting to 15% of the
country’s GDP as of end-2017 (IFC, 2019). The state’s strategy however is for green hydrogen
production to be led by the private sector, same as for the dedicated (off-grid) renewable power
generation necessary for it (Anice, 2023). Indeed, all projects announced so far are intended to have
their own dedicated power generation (IEA, 2023). Moreover, the trade in green hydrogen between
producers in Morocco and buyers abroad is also predicated to be conducted by the private sector, with
off-take agreements having durations of 15-20 years (Anice, 2023). That said, the most important driver
for the green hydrogen business to take off anywhere in the world will be the availability of a large-scale
buyer (Anice, 2023). Box 1 explains how this is currently taking shape in Morocco.

Green hydrogen investment in Morocco will likely assume the project finance model and be comprised
of much off-balance-sheet financing for future projects (Anice, 2023). This is largely thanks to Morocco’s
relatively low country risk — for an EMDE country — and long experience with project finance, but also
due to its exceptional potential for green hydrogen production resulting from its excellent wind and solar
resources (Anice, 2023). Morocco has a long history of project finance transactions, the first of these
being 1997’s Jorf Lasfar 600-MW coal-fired power plant (IFC, 2019). Since then, more than $12 billion
of project finance investment, mostly since 2012, has been secured by private investors to fund more
than 20 large-scale greenfield infrastructure projects (IFC, 2019). The kingdom’s local commercial
banks have great experience in project finance, for both local and West African projects, whereby they
formed syndicates which comprised other local banks as well as international ones (Anice, 2023). In
fact, 5% of the total credit extended by local Moroccan banks in 2019 went towards the energy and
water sectors, and local public-private equity funds have been established during the previous decade
to target industries such as agriculture and green energy (ADB, EBRD & EIB, 2021).

International banks which would likely provide debt include JBIC, like in the example mentioned in Box
2. As for European banks, the European Investment Bank (EIB) has mobilised a total of €2.5 billion
($2.75 billion) during 2017-2022 in Morocco’s economy, with 20% of that going towards renewable
energy (EIB, 2023). Moreover, the European Bank for Reconstruction and Development (EBRD) has
agreed to provide senior debt worth 44 million euros ($48 million) to the Koudia Al Badia Energy
company, which operates a wind farm in Morocco and is owned by the country’s Agency for Sustainable
Energy (MASEN), along with other international and Moroccan banks (Zgheib, 2022). In addition, the
EBRD has provided a total of 200 million euros ($220 million) in debt to Morocco’s Société Nador West
Med (NWM) to support the development of the country’s Nador West Med (NWM) port, and has
extended a further package worth 1 million euros ($1.1 million) to support NWM in becoming the
operator of the port and assessing its role in the hydrogen value chain (Zgheib, 2022). Another example
is Morocco’s Noor Ouarzazate solar PV project, to which Germany’s KfW and France’s Agence
Francaise de Développement have provided a large part of the 2 billion euros ($2.2 billion) of investment
needed; alongside the WB, the German government, and the EU; the latter in the form of subsidies
(Ristau, 2021; WB, 2023).
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Box 1: Morocco's OCP's investment in green ammonia production facilities

OCP, a state-owned enterprise, currently imports around 2 MT of ammonia from abroad to produce
fertilisers, a key export of the kingdom’s economy (MEM, 2021; Anice, 2023). Buying locally
produced ammonia at a fixed price (less than $700/tonne) would enable OCP to hedge its future
ammonia costs given the market volatility in recent years, especially for natural gas markets, which
has resulted in large fluctuations ($300-1,200/tonne since 2020) in the price of ammonia (Martin,
2023). Thus, locally sourced ammonia would effectively bring down OCP’s fertiliser production costs
through de-risking its ammonia supply chain while also helping to decarbonise its business (MEM,
2021; OCP, 2022). This is why OCP has recently announced an investment, all equity-funded (Anice,
2023), of $7 billion in a green ammonia production project in Morocco (IEA, 2023). OCP’s investment
is in the entire production process, including power generation (Anice, 2023). Thus, one of OCP’s
aims is to achieve a levelized cost of renewable electricity which is lower than the price which it has
historically paid to Nareva Holding (Anice, 2023). Once the green ammonia supply chain has been
established, it is possible that it would serve as a catalyst for the creation of a Moroccan ecosystem,
from which future projects aimed at exporting to EU off-takers would eventually emerge (Anice,
2023).This project serves as an example of the IEA’s aforementioned prediction for project financing
to underpin only a minority of green hydrogen projects in EMDE countries. It also seems to follow a
similar pattern to the aforementioned historical one for most renewable energy projects worldwide,
whereby the bulk of financing initially came in the form of equity from corporations before debt from
commercial financial institutions took a larger share later on. According to IRENA, 65% of all North
African renewable energy investment in 2020 came from private actors after having increased from
11% in 2013 (IRENA, 2023). While the expectation is that the bulk of financing in Morocco’s green
hydrogen sector will be private (Anice, 2023), state-owned OCP’s project suggests a similar pattern
to that for North African projects during 2013-2020, with perhaps a public-private model becoming
established later on in the future (MEM, 2021).

Within Morocco’s project finance framework, other investors including banks; both commercial and
multi-lateral, Export Credit Agencies (ECAs), and local bonds would also contribute funds (Anice, 2023).
In fact, during the period between 1999 and 2019 ECAs played an important role in adding valuable
debt capacity and some risk mitigation to clean energy projects in the Middle East and North Africa
either by lending in parallel with uncovered bank debt or guaranteeing the bank debt (Baker & Benaoit,
2022). Usually, ECAs have a high tolerance for political risk and a low tolerance for credit risk (Craen,
2023). Box 2 provides two examples of project financing structures which have underpinned Moroccan
infrastructure projects.

Box 2: Project financing examples in Morocco

An example of an investment structure can be found in the Agadir desalination plant project, which
received total funding of $457 million in the form of debt (about 40% of total) from a commercial
bank, BMCE (Bank of Africa), and in the form of equity (the remainder) (Anice, 2023). The equity
funding came partly from the state (about 45% of total) and partly from Spain’s Abengoa (about
15% of total) (Anice, 2023). Abengoa formed a consortium with Morocco’s state-owned financial
institution, CDG, to operate the plant (GIHub, 2019). The equity holders also established the
Special Purpose Vehicle (SPV) through which funding was channelled to that project, with SPV
ownership split 51/49 between Abengoa and the Moroccan state, respectively (Anice, 2023).
Another example is the Safi coal-fired power plant, the debt for which was provided by Japan Bank
for International Cooperation (JBIC) (PT, 2014). The equity for this project was split roughly equally
between Japan’s Mitsui, France’s GDF Suez, and Morocco’s Nareva (Mitsui, 2014).

As for the project sponsors, these will likely be the developers of green hydrogen production
infrastructure, and in the case of Morocco they are likely to be international renewable energy
companies, such as the aforementioned Abengoa (Anice, 2023). So far, the only major oil & gas
company to publicly show interest in Morocco’s green hydrogen potential has been TotalEnergies,
which took over the renewables company, Total Eren, in 2023 (Kar-Gupta, 2023) after the latter had
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announced plans to invest 9.4 billion euros ($10.3 billion) in Morocco’s sector, including ammonia
production facilities (REN21, 2022; Biogradlija, 2022). Other equity investors will likely be private equity
firms and sovereign wealth funds, such as the Mohammed VI fund (Anice, 2023). Corporate (senior)
debt on the other hand is more likely to come from commercial banks than from energy companies,
with further debt funding likely coming from multi-lateral banks and ECAs (Anice, 2023).

Given the risks associated with green hydrogen technology coupled with Morocco’s ‘non-investment-
grade’ credit ratings (Countryeconomy.com, 2024), such projects would be expected to require a
tailored project finance framework, the WACC of which would be higher than that which a major
corporation would be able to secure for projects which are included in its balance sheet (Anice, 2023;
Craen, 2023). Moreover, the WACC for green hydrogen projects around the world will likely be higher
initially than that for renewable power projects because lenders are likely to demand a higher cost of
debt until they become more comfortable with the technology the way they eventually did with
renewable power (Barros, 2024). On the other hand, green hydrogen projects of which the off-taker is
based in an ‘investment-grade’ country and of which the revenues are in hard currency would likely
attract capital at lower costs, if correctly structured, than renewable power projects of which the
(domestic) off-taker is based in a non-investment-grade country and of which the revenues are in local
(EMDE) currency (Craen, 2023). This is especially valid for projects hosted in Morocco and aimed for
exports to the EU. Again, the current global macroeconomic landscape has resulted in higher cost of
capital for projects worldwide since the turn of the 2020s (IEA, 2023).

Being an EMDE country which is smaller in terms of GDP per capita than Brazil, Mexico, South Africa
and Indonesia (but larger than India) (WPR, 2023), yet having credit ratings which are comparable to
those countries’ (higher than those of Brazil and South Africa) (Countryeconomy.com, 2024), it is
reasonable to expect Morocco’s WACC to be close to that which is achievable in those countries —
although there are also project-specific factors which would influence this figure. According to the IEA,
100 MW solar PV projects financed in India, Brazil, Mexico, South Africa and Indonesia in 2019, 2021,
and 2022 have achieved WACCs (nominal post tax) ranging from 5.0% to 18.3% (IEA, 2023). Indeed,
the median for projects in Brazil and South Africa has been higher than that in the other three countries
(apart from South Africa’s being equal to Mexico’s in 2022), and has ranged from 10.3% to 13.0% (IEA,
2023). This appears to be in line with the lower credit ratings of Brazil and South Africa compared to
the other three countries. In Morocco, similar projects have achieved cost of debt within the range of
6.5-7.5% (Anice, 2023). This is about double that which has been realised for similar projects in Spain
(Anice, 2023). This has resulted in a significantly lower levelized cost of electricity in Spain, an outcome
which is likely to repeat itself for the two countries’ green hydrogen projects (Anice, 2023), especially if
CAPEX costs turn out to be higher than expected (IRENA, 2022). It comes as no surprise, for example,
that Morocco’s current renewable power generation capacity sits at around 5% that of Spain, which is
about 70 GW (IRENA, 2023).

The Moroccan state has historically only provided sovereign guarantees in relation to what it deemed
to be critical infrastructure and is therefore unlikely to cover green hydrogen project completion or debt
servicing risks (Anice, 2023). The former risk would likely be borne by the project sponsor(s) along with
the associated Engineering, Procurement, and Construction (EPC) company(ies) to begin with, before
the sector becomes more mature and lenders become comfortable guaranteeing this risk themselves
(Anice, 2023; Craen, 2023). The latter risk, that of lenders not receiving debt servicing payments for
whatever reason, would likely be underwritten by insurance which is arranged by the project sponsor(s)
(Anice, 2023), possibly through a company like Munich RE given its precedent of involvement in the
kingdom via Nareva (Mohanty, 2010).

3.2 Chile

Export of green hydrogen from Chile is likely to be via the ammonia pathway, with most projects which
are geared for export being designed for that, although methanol and e-fuels offer other possibilities
(BNamericas, 2023). For example, US-headquartered HIF Global is sponsoring the Haru Oni and Cabo
Negro projects (HIF Global, 2023), the former of which has already secured off-take agreements for its
e-gasoline from Germany’s Porsche (also a partner in the project) and the Ministry of Transport for
Baden-Wirttemberg in Germany (Raveau & Diaz, 2022; Collins, 2023). Nevertheless, the IEA predicts
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that traded amounts of e-fuels will be much lower than those of green ammonia, both from Chile and
worldwide (IEA, 2023). Moreover, global prices of ammonia have fluctuated significantly during the past
three years, between $300 and $1,300 per tonne in the US and Europe (Business Analytiq, 2023),
mainly as a result of fluctuations in global natural gas prices (Kantner, 2023). This has made the case
for green ammonia more compelling for AustriaEnergy for example (Kantner, 2023). On the other hand,
the greater clarity of EU regulations covering e-fuels compared to those for green ammonia has driven
HIF Global to prioritise the production of the former for export to EU buyers (Barros, 2024). That said,
EU demand for e-gasoline is unlikely to be as high as that for Sustainable Aviation Fuels (SAF) or e-
methanol given the drive to expand the use of electric vehicles in the bloc (Barros, 2024).

The financing of green hydrogen projects in Chile will likely be in the form of project finance, mainly due
to the technology risks, and major developers are unlikely to fund such projects from their own balance
sheets at this stage (Kantner, 2023; Barros, 2024). The aforementioned Cabo Negro project for example
plans to receive 70% of its funds through project financing and the rest from debt and equity markets
(BNamericas, 2023). According to Kantner, commercial banks offered debt interest rates as low as 4%
for a long time in Chile until the geopolitical events of the past couple of years took place and resulted
in worldwide inflation and interest rate hikes (Kantner, 2023).

In 2022, IRENA predicted that Chilean green hydrogen projects would benefit from a relatively low cost
of capital in the near term, at 5.2%, with this advantage eroding if other countries were to reduce theirs
in the long term (IRENA, 2022). Nevertheless, the combination of relatively low WACC and rich
renewable resources makes Chile resilient to the risk of high future renewable power generation costs
worldwide, according to IRENA (IRENA, 2022). Given that Chile’s credit ratings are at investment
(‘'upper medium’) grade and are even higher than those of some EU Member States
(Countryeconomy.com, 2024), it is reasonable to expect a cost of debt for Chilean green hydrogen
projects which is pretty close to that of EU-hosted projects. On the other hand, when IRENA made its
prediction, the Secured Overnight Financing Rate (SOFR)!4, based on which the cost of debt would be
calculated (Barros, 2024; CFI Team, 2024), was roughly 10 times lower than its current levels — sitting
at around 5.3% since August 2023 (NewYorkFed, 2024). The cost of equity will likely be 9.0-9.5% for
‘preferred’ equity holders and 13.0-14.0% for ‘common’ equity holders (Barros, 2024). While preferred
equity holders will get priority over their common counterparts when receiving project net cash flows
(top priority going to lenders of course), most preferred stocks are redeemable by the issuer at a
predetermined price or date (Barros, 2024; Drinkard, 2023). In some cases, preferred stocks have the
option to be converted into common stocks at a predetermined date or milestone (Barros, 2024;
Drinkard, 2023).

Regarding the relative amounts of debt and equity, funding of renewable energy projects has historically
been mostly (60-85%) from debt, a range which is likely to be similar for green hydrogen projects
(Kantner, 2023; Barros, 2024). That said, it is expected for green hydrogen project financing to
constitute 60-70% debt to begin with before lenders can gain confidence in this technology and agree
to provide up to 85% in debt financing at later stages or for future projects (Kantner, 2023; Barros,
2024). Indeed, lenders are currently being conservative when providing funds to green hydrogen
projects, and are thus demanding Debt Service Coverage Ratios (DSCRs) of 1.4-1.5 for Chilean
projects — meaning that net operating income must be at least one-and-a-half times total debt
obligations (Barros, 2024). This is higher than the investment-grade DSCR threshold for solar PV (1.2)
and for wind (1.3)*® projects seen around the world during the 2010s, according to Fitch Ratings (Fitch
Ratings, 2020). It is important to clarify here that this comparison is predicated on all projects being
underpinned by long-term fixed-price off-take agreements of the same duration. For example, European
lenders to green hydrogen projects currently seem unwilling to fix the off-take price for more than 10-
15 years because they are betting on there being a (variable and potentially more lucrative) market
price for hydrogen beyond that timeframe (Craen, 2023).

14 This is not directly comparable to the WACC (Craen, 2023) as the latter is calculated using the after-tax cost of debt
(Hawawini & Viallet, 2019).

15 Wind power projects tend to demand slightly higher DSCRs than their solar counterparts, all else equal, due to the former's
higher costs of maintenance over the lifetime of a project (Craen, 2023).
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The sponsors and equity holders are likely to be international private companies (Kantner, 2023). As
mentioned above, Denmark’s private equity firm, CIP, is already a partner in the HNH project as part of
its Energy Transition Fund. In addition, HIF Global has secured a total of $260 million in equity
investment into its green hydrogen projects, including those in Chile, from investors such as Germany’s
Porsche AG and the US-headquartered institutional investor, EIG (Aleina, 2022). Much of the
investment will likely come from US companies, including banks, since US companies are deeply
involved in Chile’s energy sector (Kantner, 2023). In the future, these could possibly include the
aforementioned HIF Global as well as AES, which is the second largest power producer in the Latin
American country (ITA, 2023).

While it would be most cost-effective to secure all of the debt from commercial banks, Chilean projects
which have a capital cost of more than $2 billion are unlikely to receive all of the debt which they need
from banks only, hence the need for additional funding from ECAs and/or development banks (Barros,
2024). ECAs would typically either require that specific equipment manufactured in their respective
countries is used in a project, or that the exported product’s end-destination is that of their respective
countries (Kantner, 2023; Barros, 2024). US-based suppliers have provided 5-7% of all electrical
equipment imported by Chile in recent years (ITA, 2023), meaning that the ECA of the world’s largest
economy could also get involved in Chile’s green hydrogen investments. Meanwhile, European ECAs
will also likely provide funding if equipment for the projects is sourced from European manufacturers
(Kantner, 2023; Barros, 2024). In the case of HIF Global’s projects for example, electrolysis and product
synthesis equipment is coming from EU manufacturers (Barros, 2024). Chilean commercial banks on
the other hand have indicated that they would finance such projects only after off-take agreements have
been signed, providing the public-private partnership model for financing Chile’s highway construction
projects as an example (BNamericas, 2023).

The government in Chile will likely not be an investor in green hydrogen projects (Kantner, 2023; Barros,
2024). That said, the Chilean government has been providing significant support to developers of such
projects, such as Corfo’s $50 million award mentioned in Section 2.2. Moreover, the state’s oil & gas
company, ENAP, has agreed to collaborate with HIF Global on their Cabo Negro project by repurposing
their nearby oil & gas terminal and associated infrastructure in Magallanes for the purpose of exporting
e-fuels from that project (BNAmericas, 2023). ENAP has also signed an MoU with HIF Global to
purchase renewable electricity from the US company (Barros, 2024).

Since Chile became a member of the OECD, the role of development banks in the country has steadily
diminished as the country is no longer deemed to be in need of their funding (Kantner, 2023).
Nevertheless, given the novelty of green hydrogen technology, these banks could make an exception
for these projects (Kantner, 2023). As mentioned in Section 2.6 above, the WB seems to have already
made such an exception in the case of Chile. Moreover, as mentioned in Section 2.5 above the EU,
EIB, and Germany’s KfW have already agreed to provide funds to help develop Chile’s green hydrogen
production sector. The country will nonetheless need to continue to find innovative ways to access
climate-related funds to help grow its green energy sector (IFC, 2022). Moreover, regarding the
possibility to refinance projects during the expected lifespan of their off-take agreements (15-20 years),
thereby seeking more favourable terms once confidence in a project has been increased, this is unlikely
to happen (Kantner, 2023) given the scale of green hydrogen projects relative to Chile’s banks’ liquidity
and the limitations typically set by ECAs and development banks (Barros, 2024). These limitations
typically include the requirement for a debt agreement to have a tenor which matches the duration of
the off-take agreement (Barros, 2024). Meanwhile, the Chilean bonds which are mentioned in Section
2.4 above are too small to make a significant contribution to the financing of the country’s green
hydrogen projects (Kantner, 2023).

In many cases all stages of the production process will likely be financed as one single project, from
renewable electricity generation to ammonia production (Kantner, 2023; Barros, 2024). That said, the
creation of separate SPVs for upstream and downstream processes with different financing structures
and terms, thereby minimising the WACC of the overall project, is also a possibility (Barros, 2024). For
example, HIF Global's Haru Oni project has an SPV set up with Italy’s Enel for the renewable electricity
generation and hydrogen production (electrolysis) processes, and this is separate from the downstream
processes for which the US company is the only sponsor (Barros, 2024). However, due to the
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remoteness of the Magallanes region where this project is located, it has not been possible to separate
the project risks, or the financing structures, of the upstream and downstream processes from each
other since failure of any stage would result in the others becoming stranded assets (Barros, 2024).
Thus, the separation of financing structures would only be possible in a future scenario in which there
is a local green hydrogen ecosystem which could offer options for any stage of a project to connect to
facilities from other neighbouring projects in case failure were to occur in one or more of its other stages.

Generally, while lenders might take on some project risk, especially multi-lateral banks (BNamericas,
2023), the distribution of risk will not be even and most of it will fall onto the project sponsors (Kantner,
2023). While every project will have its own dedicated renewable power generation, the ones in the
north and centre of the country will benefit from being able to connect to the grid, whereas the ones in
the south of the country will not have that benefit (Kantner, 2023; Barros, 2024). So far, all projects
which have received FID have their own dedicated power generation, apart from one which will also
receive grid electricity, albeit most of these are very small (IEA, 2023). Moreover, the northern projects
will be mostly powered by solar while the southern ones mostly by wind (BNamericas, 2023). In either
case, curtailment risk is not a concern for such projects (Kantner, 2023). In the Magallanes region, lack
of access to the national grid is compensated for by the high — 70% (Njovu, 2023) — capacity factor
achieved by wind power generation (Barros, 2024).

3.3 Australia

Australia’s green hydrogen projects will probably be exporting ammonia, however most of the amounts
of this commodity are produced where they are consumed, while the amounts which are traded globally
are currently low (Craen, 2023). This contributes to the volatility of the market price of ammonia, which
creates a risk for off-take agreements (Craen, 2023). Moreover, as mentioned above, the greater clarity
of EU regulations covering e-fuels compared to those for green ammonia has driven HIF Global to
prioritise the production of the former for export to EU buyers (Barros, 2024). In addition, much of
Australia’s exports are destined for Japanese buyers who have high demand for e-gasoline, which is
intended to help decarbonise the East Asian country’s transportation sector (Barros, 2024). This is
evidenced by the announcement made by Japan’s Ministry of Economy, Trade and Industry (METI) in
2023 of the country's revised target of commercializing e-fuels over 2030-2034, ahead of the previously
announced target of 2040 (Kumagai, 2023). This comes in parallel with Japan’s efforts to coordinate
the establishment of a joint supply network for green ammonia with South Korea, through which the two
East Asian countries will negotiate prices and volumes and facilitate raising funds for projects overseas
(Sugiyama & Golubkova, 2023). Another highly promising way to utilise Australian green hydrogen
could be in the domestic production of green HBI or green steel, which is further discussed in Box 3.

The debt portion of total funding for substantially contracted'® renewable projects in Australia has
generally gone up over time, sitting at around 70-80% nowadays, and similar proportions can be
expected for green hydrogen projects — assuming long-term and fixed-price off-take (Craen, 2023). On
the other hand, it is likely that debt levels would be lower initially, at 60-70%, before increasing gradually
towards 80-85% at a later stage (Barros, 2024). A precedent to this can be found in an LNG project
developed in Darwin in Western Australia, Ichthys, for which the proportion of debt relative to total
funding when it was first financed was only 59%?7, with some of the debt coming from ECAs and some
of it from commercial banks — and some of the latter being covered by ECAs (Pooler, 2013). On the
other hand, if domestically produced HBI or steel were to be a pathway of choice for Australia’s green
hydrogen production, then an example of how this could play out is provided in Box 3. As mentioned
above, lenders are currently demanding relatively high DSCRs for green hydrogen projects, with
Australian ones also being set at 1.4-1.5 (Barros, 2024) — again, as mentioned above, this notion is
predicated on projects being underpinned by long-term fixed-price off-take agreements.

The cost of capital of a green hydrogen project will likely be higher to begin with since, given the relative
novelty of the technology and in the absence of completion guarantees from the sponsors, lenders

16 Projects with a larger merchant (market-based and variable pricing) component have seen lower debt proportions, at around
50-60% (Craen, 2023).
7 This project was fully exposed to variable LNG market price risk, which is linked to the oil price risk (Craen, 2023).
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would want to have some equity from the onset (Craen, 2023). This could be subsequently divested as
investors get more comfortable with the project’'s performance (Craen, 2023). Given that Australia’s
credit ratings are at investment (‘prime’) grade (Countryeconomy.com, 2024), it is reasonable to expect
the country’s cost of debt to be lower than it would be for the vast majority of other countries around the
world. In 2022, IRENA predicted that Australian green hydrogen projects were expected to benefit from
a relatively low cost of capital in the near term, 3.7-4.6%, with this advantage eroding if other countries
were to reduce theirs in the long term (IRENA, 2022). Nevertheless, the combination of relatively low
WACC and rich renewable resources would make Australia resilient to the risk of high future renewable
power generation costs worldwide, according to IRENA (IRENA, 2022). On the other hand, as
mentioned above, when IRENA made its prediction the SOFR, based on which the cost of debt would
be calculated (Barros, 2024; CFl Team, 2024), was roughly 10 times lower than its current levels (since
August 2023) (NewYorkFed, 2024). Moreover, as is the case for Chile, the cost of equity will likely be
much higher at 9.0-9.5% for preferred equity holders and 13.0-14.0% for common equity holders
(Barros, 2024).

Box 3: Green steel or HBI financing prospects in Australia

Green HBI and green steel are produced using green hydrogen that feeds the Direct Reduced Iron
(DRI) process and green electricity that feeds the electric arc furnace process (for the latter) (AFRY,
2024). One advantage of using steel/HBI as a pathway for green hydrogen trade is that it would be
much cheaper to transport steel/HBI as a finished product than it would be to transport ammonia,
and then crack it, if the aim is to supply hydrogen as a feedstock for a steel/HBI production process
in the importing country (Craen, 2023). Another advantage is that it would simplify the terms of
trade — the steel/HBI manufacturer would have sole responsibility to sell the product to a buyer in
order to generate the revenues which pay for the overall project (Craen, 2023). Fortescue looks to
be a likely equity holder in such projects in Australia, since the company has announced that it
would invest in a green iron pilot project in Christmas Creek, Western Australia, along with green
hydrogen production facilities, and that it aims to hold a 25-50% stake in these projects (Burton &
Akhand, 2023). Meanwhile, a study which has received government funding is currently being
carried out by Australia’s Calix Limited to design a potential demonstration-scale hydrogen DRI
production plant in the country (ARENA, 2022). Sweden’s H2 Green Steel project serves as a useful
precedent for how financing might be structured for such projects. This project has attracted 4.2
billion euros ($4.6 billion) in debt and 2.1 billion euros ($2.3 billion) in equity (H2 Green Steel, 2024),
so the debt makes up slightly more than 65% of total funding.

International private equity firms, such as Denmark’s CIP with its aforementioned partnership on the
Murchison project, will likely get involved in Australia’s projects (Barros, 2024). Indeed, smaller
developers will likely team up with equity and debt investors from the start of a project, similar to
Australia’s Edify Energy who teamed up with Luxembourg’s Generali Investments for their battery
storage project at the Renewable Energy Zone of Victoria, Australia (Colthorpe, 2023). Equity investors
have in fact been showing interest in co-investing alongside the major developers of Australia’s green
hydrogen projects, with Siemens equity reported to have already committed some funds for example
(Macdonald-Smith & Eyers, 2022). In addition, HIF Global has secured a total of $260 million in equity
investment into its green hydrogen projects, including the Australian Tasmania eFuels facility (HIF,
2023), from investors such as Germany’s Porsche AG and the US-headquartered institutional investor,
EIG (Aleina, 2022). On the other hand, major developers like Fortescue Future Industries and BP might
decide to go all-in with their own (corporate) equity funding to begin with instead, thereby eliminating
the red tape and interference which banks typically impose on their lendees, and then subsequently
seek out loans from banks post project completion (Craen, 2023).

Lenders in Australia — mostly commercial banks — usually have a large appetite for investing in
renewable energy projects (Macdonald-Smith & Eyers, 2022), and project finance is the framework
which will likely dominate investment in green hydrogen projects (Craen, 2023; Barros, 2024) like it has
done for offshore wind for example, with about 80% of such projects around the world having been
project-financed (Craen, 2023). European, US, and especially Japanese commercial banks have a
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strong presence in Australia (Barros, 2024). For example lenders DNB, Commonwealth Bank, and BNP
Paribas provided the long-term syndicated debt facility for Edify Energy’s battery storage project
mentioned above (Colthorpe, 2023). Indeed, given their high liquidity, Australia’s commercial banks
could potentially provide all the necessary debt for green hydrogen projects in the country without the
need for other sources of debt (Barros, 2024). Banks in Australia have in fact been showing great
interest in investing in the country’s green hydrogen projects thanks to their high tolerance to technology
risks (Macdonald-Smith & Eyers, 2022).

In the case of Australia, given the country’s highly liberalised economy, the government is unlikely to
have any equity in the green hydrogen projects which the country will host (Craen, 2023; Barros, 2024).
Instead, its support has been and will be mostly in the form of policies which include tax breaks and
selective subsidies (Craen, 2023). Given the relative strength of Australia’s economy, the government
will be able to provide more support to the country’s green hydrogen projects than the Chilean
government can (Barros, 2024). Indeed, the Australian government has been providing significant
support to green hydrogen project developers (IEA, 2023). For example, it has approved grants to
multiple projects, including $47.5 million for the development of an electrolyser powered by solar PV
generation in Karratha, Western Australia (ARENA, 2022), $69.2 million for developing the Central
Queensland Hydrogen Hub in Gladstone (DCEEW, 2023), and $34 million to develop the wind-powered
renewable hydrogen plant in Wodonga, Victoria state (McKeith, 2023). Moreover, Australia’s CEFC; the
world’s largest government-owned green bank (IEA, 2023), aims to invest up to $300 million to support
the growth of the country’s hydrogen industry through either debt or equity, especially in projects for
which the state or territory government is also providing financial support (CEFC, 2023). Altogether, the
Australian government has put aside $500 million for its Regional Hydrogen Hubs program to develop
its national green hydrogen sector (DCCEEW, 2023).

As for green hydrogen project sponsors, these might be relatively diverse given that renewable power
developers are unlikely to take on the combination of electrolyser and ammonia plant project risks
(Craen, 2023). Oil & gas majors on the other hand have experience in developing and operating Haber-
Bosch ammonia facilities, however they do not have experience with steel-making facilities, for example
(Craen, 2023). Fortescue looks to be a likely equity holder in such projects in Australia, as mentioned
in Box 3. Thus, itis possible to envisage a commercial agreement being drawn up between the sponsors
of the various parts of the overall project, and for the agreement to include a framework where the
sponsors of the higher-performing part of the project receive a higher share of what remains of its
revenues after paying for its operational and financial costs (Craen, 2023). Moreover, the creation of
separate SPVs for upstream and downstream processes, with different financing structures and terms
so as to minimise the overall project’'s WACC, is another possibility (Barros, 2024). In the case of HIF
Global’s project, this has been done indirectly by the company receiving the renewable electricity which
the project requires via a PPA which it has with the owner of a nearby power generation facility instead
of developing one itself (Barros, 2024). Nonetheless, as mentioned above, the separation of financing
structures in a deliberate manner would only be possible in a future scenario in which there is a local
green hydrogen ecosystem which could offer options for any stage of a project to connect to facilities
from other neighbouring projects in case failure were to occur in one or more of its other stages.

As mentioned above, the Ichthys project also attracted funding and debt cover from international ECAs,
and this included several Japanese ones (Inpex, 2012; Pooler, 2013). As was the case with this project,
an ECA would likely provide funding for a green hydrogen project if the equipment which is used in the
project is supplied by manufacturers who are based in the home country of that ECA (Craen, 2023;
Barros, 2024). An example of this is the Australian-South Korean consortium mentioned above in
Section 2.6. The equipment for this project is expected to come from German and US suppliers (Parkes,
2023), meaning that the ECAs of these countries could potentially be involved. On the other hand, since
the off-take will be in South Korea, the ECAs of the East Asian country might also be involved. In fact,
the consortium for this project includes South Korea’s Samsung and the country’s state-owned utility,
Korean Midland Power Co (Parkes, 2023). Generally though, since Australia is a developed economy,
ECAs will likely play a lesser role in funding its green hydrogen projects when compared to projects in
EMDEs (Craen, 2023; Barros, 2024). Nevertheless, the involvement of a foreign ECA in an Australian
project would in turn encourage the banks of that country to get involved as well (Craen, 2023). Indeed,
some ECAs have already shown interest in Australia’s green hydrogen projects, and are keen to support
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the involved banks’ financial products and to provide additional credit cover (Macdonald-Smith & Eyers,
2022).

During the construction phase of a green hydrogen project, bond markets are unlikely to get involved,
however long-term bonds with low yields may very well be issued post construction (Craen, 2023). That
said, it is not possible to refinance a bond, which limits their attractiveness in this case (Craen, 2023).
In Australia especially, refinancing of major infrastructure projects during their lifetime is quite common
(Craen, 2023; Barros, 2024). This will likely be the case for green hydrogen projects during the expected
lifespan of their off-take agreements of 15-20 years (Barros, 2024). Thus, priority is often given to the
flexibility to refinance a project over the long-term predictability of financing cost afforded by project
bonds (Craen, 2023).

The green hydrogen trade deals which Australian producers will strike will very likely be private-private
agreements (Craen, 2023). Any government support would be for purposes other than revenue
generation or hydrogen supply, such as local job creation and technological development (Craen,
2023). For example, the government of South Australia announced in October 2023 the potential
partners in the consortium which will see the construction of its landmark green hydrogen facilities, and
this forms part of the Hydrogen Jobs Plan, which the state is funding with $593 million (Parkinson,
2023). On the other hand, EU Member State governments might get more involved in the future, such
as the German government with its H2 Global Initiative (Craen, 2023) — especially given the strong
bilateral collaboration between Germany and Australia on green hydrogen mentioned above in Section
2.5. For example, Germany’s E.ON has an MoU with Australia’s Fortescue Future Industries for the
latter to supply up to 5 MT of green hydrogen per year to the former by 2030 (IEA, 2022).

3.4 Comparison Roll-up

In short, there is a wide variety of possibilities which are yet to be realised in each of Morocco, Chile
and Australia given the early stages of development of the green hydrogen sector. In all three countries,
the expectation is for highly leveraged project finance frameworks to be adopted, for commercial banks
to provide significant funding, and for investment and trade to be carried out for the most part by the
private sector. In addition, off-take agreements in all three countries are likely to have long durations
(15-20 years) and fixed prices given the current lack of a hydrogen market. Another thing is the absence
of foreign currency risk from export projects in all three host countries due to the off-take agreements
being performed in hard currency (with EU buyers for example). As for the key differences between the
three host countries’ likely financing structures, Figure 7 provides a qualitative illustration of these at a
high level.1®

Regarding the number of pathways, green ammonia production currently looks to be the one which is
taking off in Morocco — especially for domestic fertiliser production. Chile on the other hand looks very
likely to become a key green ammonia exporter on the world stage by 2030 and is also on track to
become an exporter of e-fuels as well as other products. Australia is similar to Chile that way but is also
pursuing the use of green hydrogen to decarbonise its domestic steel and/or HBI production sectors.
Regarding financing frameworks, Chile is likely to have the most projects which are project-financed
since it does not seem to have a corporate finance (on-balance-sheet) precedent like that of OCP’s
project (all equity) in Morocco or a company like Fortescue (could possibly go all-equity) in Australia.
As for the WACC, while this is expected to decrease over time for green hydrogen projects worldwide
as confidence in the technology increases, itis likely that Moroccan projects will incur the highest WACC
of the three host countries while Australian projects incur the lowest.

While investment in Chile and Australia is expected to be fully private, public entities and those linked
to the monarchy in Morocco are likely to have a stake in the country’s projects. Moreover, it looks like
projects in Chile and Australia are likely to have a higher debt proportion (50-60%), during this decade
at least, when compared to those in Morocco (0-40%). Much of the debt to Moroccan and Chilean
projects is likely to come from commercial banks, ECAs, and development banks, whereas Australia is

18 Note that the scores shown are not necessarily synonymous with 'better' or 'worse'.
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unlikely to have access to the latter given its developed economy status.!® As for sources of equity,
while Morocco will likely have access to funds from private equity firms, energy companies (including
project developers), and public entities (such as OCP), Chile and Australia are unlikely to have access
to the latter given their more liberalised and privatised economies. Regarding direct state support,
Australian projects seem to have received the most support, both from federal and regional
governments, through a variety of schemes, whereas the Moroccan state seems to have provided the
least direct support out of the three host countries.

Figure 7: Radar chart to illustrate the Author’s view of the high-level differences between the
three host countries regarding their likely green hydrogen production project financing

structures
Number of Pathways

State Support Project Vs. Corporate Finance
Sources of Equity WACC
Sources of Debt Private Vs. Public Investment

Debt Proportion

‘ —Morocco —Chile —Australia

4. Summary of Findings and Conclusions

Based on ten indicators, the paper shows that Morocco, Chile, and Australia boast high-potential
options for hydrogen exports to the EU, whether in combination or individually. The paper also shows
that these three countries have complementary weaknesses and strengths.

Morocco has the advantage of geographic proximity to EU Member States and is very likely to have a
lower LCH2 (shipped as green ammonia) compared to Chile and Australia by 2030 and by 2050.
However, while Morocco has announced a national green hydrogen roadmap in 2021 as well as several
production projects, none of the latter has reached FID at the time of writing. Meanwhile, Morocco’s
growth in demand for electricity has outpaced both its renewable and total power generation capacity
growth, meaning that the North African country has been reliant on (mostly coal) imports for its power
sector and has frequently been importing electricity via its interconnection with Spain in recent years.
This also means that it will take a long time before grid electricity can be used to produce Morocco’s
green hydrogen. Thus, it is no surprise that none of the collaborations which have been announced
between the kingdom and the EU has translated into a significant firm supply agreement as of yet.

While there is an expectation for the private sector to lead the development of Morocco’s green
hydrogen sector using project finance structures to supply private international off-takers, it is telling
that most of the momentum is currently in state-owned OCP’s $7 billion equity (on-balance-sheet)
investment in green ammonia production facilities. This comes as no surprise given North African,
EMDE, and global trends observed for renewable energy investment in the past. Nevertheless, Morocco
has had a long history of project finance with significant private debt underpinning the development of
its infrastructure projects.

19 This is not to say that Australia would have less access to debt however, as banks over there actually have higher liquidity
than in the other two host countries.
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Given Chile’s geographic location in South America, its LCH2 is likely to be higher than Morocco’s due
to the added transport (shipped as green ammonia) cost. This is partly compensated for however by
Chile’s low production cost estimates, which are on a par with those of Morocco and could possibly turn
out to be lower. In addition, Chile has many more announced projects than Morocco does, including six
which are currently operational and another three which have received FID. These include multiple
pathways such as e-methanol and e-fuels. Moreover, Chile’s domestic demand for green hydrogen is
likely to be low. This in combination with the country’s renewables-heavy (50% of overall power
generation in 2022) power network, which unlike Morocco’s is also self-sufficient, explains why Chile is

considered by the Author to be the most export-oriented out of the three countries when it comes to
green hydrogen production.

Chile is currently collaborating closely with the EU in developing its green hydrogen projects and is the
only one of the three countries with announced firm off-take agreements with EU buyers. The country
is also collaborating with non-EU partners. Moreover, Chile has the highest number of seaports along
its coast relative to its land surface area out of the three host countries, and the distances to these ports
from anywhere in the country are relatively short thanks to its unique geography. This is an important
advantage because it means that the supply chains within Chile which are related to green hydrogen
production and export are likely to have relatively low costs. In addition, three seaport upgrade projects
have been announced in Chile so far. While Chile does not produce ammonia, it does import it to
produce (and then export) ammonium nitrate domestically in significant quantities, has three operational
oil refineries, and is also a major producer and exporter of methanol worldwide. This combines well with
the country’s advanced financial sector and strong liberalised economy, which has earned the Latin
American country membership of the OECD.

Being a highly liberalised economy with an advanced financial sector, Chile is likely to attract significant
private debt for its green hydrogen projects within project finance frameworks. Due to the limited liquidity
of commercial banks in Chile, projects hosted in the country which have a capital cost of more than $2
billion will need to secure additional financing from ECAs and/or development banks. Indeed, the
involvement of these will limit the long-term flexibility of the financing arrangements for Chilean projects.
The government on the other hand will most likely not be an investor in such projects, however it has
made efforts to support the development of the domestic green hydrogen sector, including through
grants to multiple initiatives.

Due to Australia’s geographic distance from the European continent, its LCH2 (shipped as green
ammonia) is estimated to be the highest of the three host countries. There is also a higher risk of
increased CAPEX costs due to higher labour costs. On the other hand, Australia has the highest number
of announced projects out of the three countries, including nine which are operational and another 18
which have received FID. The Australian government has provided the most support out of the three
countries, and there are many green hydrogen pathways being pursued, including blending into gas
networks (operational), balancing of the electricity grid, and green ammonia. The development of
Australia’s green hydrogen production sector is being driven primarily by the desire to export the product
in its various forms overseas, albeit the country’s energy-intensive industries such as ammonia and
methanol production, oil refining, heavy-duty transport, and mining, will likely necessitate significant
domestic off-take as well. On the other hand, Australia is predicted to add more renewable power
generation capacity purely for green hydrogen production than the other two countries by 2027.

Australia seems to have the most extensive collaboration with the EU on its green hydrogen production
capability out of the three host countries, especially with Germany given the existing MoUs for it to
supply a total of 5.1 MT/year to the EU Member State by 2030. On the other hand, Australia seems to
also have the most extensive collaboration with non-EU states, especially those in East Asia which are
geographically closer to it than Europe is. Like the other two host countries, Australia has many seaports
which it can use for its green hydrogen project supply chains and could use to export various green
hydrogen products. It has in fact announced 24 seaport upgrade projects, one of which is already under
construction (Yara Pilbara ammonia storage). In addition, Australia has significant experience in
handling and exporting chemicals. The country boasts an advanced and highly liberalised economy —
largest of the three host countries — with a world-class banking system and strong mining and iron/steel
manufacturing sectors.
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Much like Chile, Australia is likely to attract significant private debt for its green hydrogen sector. On the
other hand, Australia has a significant advantage over the Latin American country (and Morocco) when
it comes to liquidity of its commercial banks (local as well as international). This in combination with
Australia’s advanced economy status means that development banks are unlikely to play a role in
financing its green hydrogen projects. ECAs on the other hand will likely get involved, by providing either
loans or debt cover, and are likely to include those from Japan, South Korea, the US, and the EU. Their
involvement will nonetheless be more limited than in Chile or Morocco, meaning that Australian projects
are likely to benefit from some flexibility in their financing arrangements. Like in Chile, the Australian
government will most likely not be an investor in such projects, however it has made more significant
efforts than the government of the former to support the development of its domestic green hydrogen
sector. These include grants to multiple projects and investment from the CEFC; the world’s largest
government-owned green bank. With credit ratings which are at investment (prime) grade, Australia’s
green hydrogen projects are expected to secure very low cost of debt compared to the vast majority of
countries around the world.
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