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The presentFinal Reportis submittedto the Interamerican Development Bank (hereinafter
DB andthe Ministery of Energy of ChilK SNB A y I T (i SN9 & &c€edan@ Nidhed a
Terms of Reference and to the Technical Proposal of the consultaiitko§ 40H#AIRIB &
P003 Prefeasibility study for a synthetic fuel project in the Magallanes region based on green
hydrogere.

The general objective of the study is analyzethe prefeasibility ofthe synthetic liquid fuel
production in the Magallanes Region, based on green hydrogen from wind energy. It has the
following specific objectives

1 Review the different technologies afynthetic fuel production from hydrogen (including
technical, economic and regulatory aspects)

1 Identify key opportunities and challenges related to the production of synthetic liquid
fuels and their scaling ugrocesses

1  Produce keyinformation for private and public project developers to assess the viability
of a synthetic liquid fuel production plant

In the following sections we present the results of 8tedywhich describes the work plan, the
methodologies employed and the rdssiobtained for Activities 1 t&3.

Chapter 2 describes Activity, Which corresponds to the technical analysis of synthetic fuel
production. It identifies and analyzéise current international available production processes

and technologies for synthetiliquid fuel production originated from hydrogen andCQhe
description compares and assesses these processes and the associated technologies,
considering key characteristics such as maturity levels of the technologies, estimated
investments and opera&nal costs,equipment and facilities, transformation efficiencies,
security issues, among others.

The contents of this chapter are organizesifollows

9 Definition of synthetic fuels

9 Description of the produdbn routes for synttetic fuels (Methanol raite and Syngas
FischefTropsch route)

1 Definition of technical key performance indicators comparethe five fuels to be
analyzed (methanol, DMBimethyl Ethergasoline, kerosene and diesel)

1 Presentation ofindividual technology fact sheetbor each fiel, available in the
Appendix

9 Description of selected international pow¢o-liquid projects.

The key findings of the chapter can be summarized as followed:

1 The netwater consumptionfor all synfuelss similar, with Methanol slightly lower than
DME, gasoline, kerosene and diesel.

1 The emissionsrelated to all five PtL fuels are low, resulting in a&Qreduction
between 8590%compared to the corresponding fossil analogue fuels

I Safety related issues amerns explosion and toxicity issue$he selfignition
temperature ofmethanol and DMHE&re higher than gasoline or kerosene, which means
that the explosion risk is lower compared to the other fuels. case of soil and sea

10
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contamination, he water solullity of methanol can beconsideredan advantageas
comparedto gasoline, diesel and kerosene.

Regarding the combustion of each synfuel, methanol and DME cause lower soot and
particle emissions than the others; moreover, all synfuel reduce hazardousi@nsi&s
comparison to their fossil analogues due to less sulfur and nitrogen contents and a more
homogeneus fuel composition.

The methancbased fuels have a high&RLthan the kscherTropschfuels due to the
current low TRL of the syngas production R&/GS or celectrolysis. Since no fully
commercialized plants based on RWGS anelectrolysis are commissioned today,
every additional process step increases technical risks. Therefore, methanol can be seen
as most advanced technology, followed by DMH gasoline.

Methanol has the lowest gravimetric and volumeteicergydensity of all investigated
synfuels, followed by DME. Diesel and kerosene have the highest energy density, slightly
higher than for gasoline.

The production coss for the studiedsynfuels are higher than for the fossil onds.
methanolis the closest to its alternative fossil market prig@ughly two times more
expensive than naturajas based methanpl whereas the difference between-e
gasoline, aliesel or ekerosene versus their fe# alternatives, is five times as much.
Synfuels competwith biofuels on the market for lowearbon fuels (for example,-e
methanol competes with methanol from Biomass gasification & MeOH synthesis; the
same occurs between-lkerosene and kerosene plus Ahadto-Jet and between €
gasoline and bigasoline and bieethanol produced from wheat, maize or sugar cane).
On a longterm perspective, botte-fuels andbio-fuels will be required as fossil fuel
substitutes with afuture market share hard to predicfoday, biofuels are the less
expensive alternative to fossil fuels tharfuels. However, with cheap hydrogen from
renewable energiese-fuels can become the less expensivedtavbon alternative.

Sixteen international synthetic projects in Europe, Canaigih China were presented
(ten are related to the production of -enethanol and the rest to &eroseng. The
technology of the electrolysers is both Alkaline and PEM. The preferreddbi€ze is
industrial, due to the cost considerations as compared to direct air capture.

Chapter 3 describes Activity, 2vhich corresponds to the commercial analysishef synthetic

fuel production. It identifies higkevel opportunities and challengesrfthe development of a
commercial synthetic liquid fuel production plant, including potential applications and demand
sources for the products, trends for the markets of the products, potential seroidronmental
barriers, potential human capitalvailablity, among others.

The contents of this chapter are organizsifollows:

= =4 —a -9

= =

Benchmark of synth fuel projects in Chile

Analysis of local and global markets for synth fuels

Analysis of local and global potential -¢déikers

Review ofthe potential players in the oil & gas sector and in the commodity traders
sector.

Analysis of existing infrastructure and logistics in Cabo Negro

Analysis of barriers (competition, economic, human resources, regulatory).

11
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The principal conclusions of thaapter are the following:

T

A growing number of green hydrogen projegisChilehave been announced since the
issuance of the National Strategy for Green Hydrog&tthough he biggest
development projectsare centered ingigascaleammonia production andndustrial
applicationsthere are als® synthetic fuel projects (with Haru Oni project as the most
advanced, having obtainedhanvironmental resolution approval)

The liquid fuel demands expected to grow until 2030, followed by a declihat will
depend on the O 2 dzy (chidinfiraet toward a low carbon economyEdiesel is
expected to represent thhighest demandin the long term followed by ekerosene and
e-gasolineThe reason is tha-diesel has more sectood applicationsguch as shipping,
heavyduty vehicles, and industriakctor) unlike gasolinéwhich has lightduty vehicles

as its mairapplications andn a direct competition with the growing market of battery
electric vehicledBEV)On the other handfor e-kerosenethe aviationsectorrepresents

an important demand for this fugtonsidering that it is more competitive than other
soluions such as biofels and electric aircradt

Regarding alliances and potential enablers for the creation of a synthetic fuel market, e
kerosene is the €uel with more enablers, or potential offikers, taking into
consideration international initiatives and goals to reduC@emissions in the aviation
sector. EMethanol and ediesel are the following two sectors with more initiatives to
leverage demand for these fuels, motivated mainlythgir capacity to be used ithe
shippingsector. However, implementingmethanolin the shipping sectowill require

the conversionof existinginfrastructure, where it could take more than 15 years to
changethe entire global float. In contrast,-diesel, ekerosene and gasoline will be
used in traditional infrastructure, facilitaitg the adoption of these fuels.

Mayor Oil & Gas companies, as well as other stakeholdexdraders, will have an
important role in the consolidation of thgynthetic fueimarket. Domestically, ENAP and
Methanex will play a crucial role to facilitate iaétructure or create joint ventures
where their experience and participation could optimizeansport and export
infrastructure investments.

An assessment of the main barriefer the synth fuelmarket was performedin
Magallanes CfOfeedstock will reqgire Direct Air Capture Systems (DAC) since CO
emission sourcesare reduced and are not concentrate®n the other hand, water
provision shall be assessed depending on the location of the prejbete continental

or coastal waterresources should be takento account (in the case of marine water a
desalinationplant must be considered).

Finally, there is still a regulatory gap to allow clear rules for the development of this
market, where the public and private sector are working jointlyaddress these
challenges. Still, a priorization of these kind of projects is identified, and the observance
of environmental requirements and appropiate approval timings, can facilitate the
implementation of green hydrogen projects in the region.

Chapter 4ddescribes Activity 3which corresponds to the evaluation and comparison of synthetic
fuelsthrough amulti-criteria matrix. This tool and methodologyable to recommend specific
technological solution for a synthetic liquid fuel plant in Magallangseminar capacity sizing
estimate, a specific aegfor the plant and a high level plan for sequential sagte

Thekey resultis the selection of théuel to be produced by the synthetic fuel plant, which is a
major input for the following activitiesf the present study. In this regard and in compliance
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with the Terms of Reference of the study, the consultzeded on the results of the multicriteria
evaluation matrix, recommend® move forward to the following activitiesfocused on a
methanol production plant, synthetized from green hydrogen and Gfaptured by means of
DAC technology (Direct Air Capturédrthermore other mnsiderationssuch asnvironmental,
strategic, technical and commercial critexigere also considered in the aforementionéatl
selection This technology proposal presentdide highest scordetween the five evaluated
alternativesand the highest competitive advantage

Chapter 5 develops Activity 4, which corresponds to the identification and description of
commercially avitable technologies and service providers that could participate in the
development of the methanol plant, describing their participation or implementation in existing
projects globally.

The contents of this chapter are organized as follows:

1 Consideration taken for the sizing of the plant.

9 Electrolysis technoldgs (Alkaline, PEM, high temperature), key suppliers & projects

9 Direct Air Capture, main considerations, technology assessment, suppliers & projects.
1 Methanol process considerations, technology providers & projects.

The key findings of the chapter can be summarized as followed:

1 The electrolysisechnologies considered for the methanol plant are alkaline and PEM,
both compliant with the technical economical requirements. A list of 15 vendors from
Europe, North America and Asia was included.

1 The DAC technologies are categorized as absorption asor@tibn systems. A list of
seven vendors from Europe and North America was provided most of them are
companies incorporated since 2009.

1 The synthetic methanol technologies were presented, characterized by three principal
processes (compression sectiompp of reaction and purification section). Examples of
eleven emethanol plants were presented, including commercial operative plants and
announced plants.

1 Alist of companies involved in thengethanol plant’s supply chain was presented (three
plant integrators, four plant operators, nine catalyst manufacturers).

Chapter6 develops Activity 5, which corresponds to the description of major infrastructure,
installations, and equipment required for the methanol plant defined in Activity N°3. Also, an
analysis was presented to establish the required supplies of wind power, watef, SBfam,

natural gas, land requirements, among others. Special challenges were described and analyzed
regarding technical, environmental, social, regulatory and contractualgssue

The contents of this chapter are organized as follows:

9 Description of utilities and required services.
1 Presentation of a timeline with the tasks required for the project.
91 Analysis of principal challenges in terms of safety, environmental and permitting

The principal conclusions of the chapter are the following:

1 Theenvironmental evaluation is a critical activity which could take around two years if
the projected is presented as an Environmental Assessment Study (EIA), which is
recommended for the conipxity of the project.

13
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1 It is essential to permanently monitor the regulations and laws that can affect the
components of the project (operation of wind farms, water rights for desalinated water,
safety and security hydrogen regulations, among others)

Chapter 7 develops Activity 6, which corresponds to the definition of all the design variables
and values for the selected site in Cabo Negro, considering the expected operation of the
methanol plant and its related facilities. Also, @ngineering assessnieis provided with all the
hightlevel drawings, schematics, and diagrams necessary to carry out subsequent potential cost
assessments and procurement. The chapter imédnnexes contain block flow diagrams (BFD),
plot plans, process flow diagrams (PFI)iny & instrument diagrams (P&ID), heat and material
balance (H&MB), electrical online diagram, and general equipment arrangement drawings.

The contents of this chapter are organized as follows:

List of components for the main equipment.

Technical hgothesis for the design: operation loads, plant sizing, among others.
Production and consumption figures and effluents.

General arrangement drawings for the methanol plant and itsstdtems.

= =4 —a -

The principal conclusions of the chapter are the following:

1 Footprint of principal components is as follows (electrolysis plant: 4.88MAC plant:
5.000 n¥; methanolation plant: 7.000 A

1 The configuration of the subystems of the methanol plant is shown in the following
figure.

Figurel. Simplified Diagram of the components of The Plant

Source: EDF
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Chapter8 describes Activity7, whichconsists of the estimation of investment and operational
costs for the methanol plant defined in the previcativities, at a Class 5 estimation level as
defined by AACE

The contents of this chapter are organized as follows:

1 Presentation of CAPEX and OPEX costs.
1 Presentation of economic assumptions.

The principal conclusions of the chapter are the following:

1 CAPEX s estimated at 304,4 MUSD and OPEX at 6,3 MUSD per year, in the scenario that
includes all the components (wind farm, electrolyser installation, direct air capture unit,
oxy-combustion boiler, methanolation unit, and utilities).

1 If the wind farm isnot considered as part of the plant, the CAPEX is reduced to 222
MUSD and OPEX to 3,7 MUSD

Chapter9 develops Activity 8 which corresponds to a synthesis of the main ideas obtained in
the context of interviews conducted for the study.

The contents ofhis chapter are organized as follows:

i Validate assumptions and hypotheses.
1 Adjustments to the business model.
1 Validate barriers and challenges.

Themainconclusions of the chapter are the following:

1 Assumptionsbout the location, barriers, and potentimarketareg A § KAy GKS &G { SK?2
expectations with a notableinterest in synthetic fuel, considering Chile as an attractive
country for the development of this type of project.
1 For the international market, maritime applications would beearly adopter of green
methanol. For domestic demand, blending with gasoline or diesel could help create pilot
projects, and the decarbonization of the chemical industry could increase its demand.
1 Universitiesand Research & Development (R&D) institutes contribute with their local
knowledge to the analysis, evaluation, and developnamiew projectsand will be crucial
for training and workforce development programs needed for this emerging market

Chapter10 develops Activity 9 which corresponds tthe calculation ofthe levelized cost of
methanolbased on the CAPEX and OPEX values from Activity 7 and other variables such as
discount rate and project commercial lifetime based on existing projects in Chile and worldwide.

The contents of this chapter @organized as follows:

 Calculation of LCOM.
1 Economic results analysis.

Themainconclusions of the chapter are the following:
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1 Considering a CAPEX o#3tMUSD and OPEX of 6,3 MUSD per year for the thtgsigned
previously (refer tochapter 8, including major turnarounds every 3 to 5 yeatke
calculation of the Levelized Cost of Methanol (LCOM) resultalires betweer?.367 and
2.720USD/ton which are almostfour to five times higher than the avega cost of grey
methanol.

i Considering the scenarios where backup power generation is required:

0 For emergency shutdown (1 MVA), the supplementary cost of 0,3 MUSD CAPEX
and 0,12 MUSD OPEX (total in 25 years) for capacity required and estimated
previously (sechapter § results on a LCOM of 2.369 USD/ton.

o For emergency shutdown and to maintain the equipment on stiypanode (8
MVA) the supplementary cost of 2,6 MUSD CAPEX and 0,9 MUSD OPEX (total in
25 years) for the capacity required and estimated previpiiseechapter §
results on a LCOM of 2.386 USD/ton.

o It is worth noting that the fuel consumption for the backup energy (potentially
gas, or diesel) has not being considered in those calculations. The fuel storage
has neither been taken into account as tboscenarios contemplate a
connection to the gas pipeline. These aspects have to be evaluated on the next
stages and feasibility studies for the synthetic fuel plant.

1  Thisresult isin the upper side of thestimations and studies of IRENvhich indicatethat
the production cost for green-methanol fromDirect Air CaptureldAQ sources would be
in the range of 1.120 t0.280 USD/ton.

1  The current price gap between grey and green methanol is projected to decrease with the
technologicalimprovement of greenhydrogen (l2) and carbon dioxide (GDcapture
technologies and the reduction of their prices

1 Due to their significantly lower GQootprint, and to strengthen the worldwide fuel
decarbonization efforts, a price premium for greefuels is needed.

Chapter 11 develops Activity 10 which correspondsotthe estimation of theworkforce that

would be generated by a project such as the one studied. It also provides considefatities
creation of these jobs. In addition, an analysis of tkervices required by the project is
presented, as well as the potential of companies that can provide these services. Finally,
recommendationsregardingthe first approach to the community anils engagementare
provided

The contents of this chapter amrganized as follows:

1  Workforce estimation.

1 Consideration for the generation of effective employment.
1  Services required.

1 First approach and engagement with the community.

Themainconclusions of the chapter are the following:

I There is a potential to devah 339 new jobs in the construction and installation phase, 46
in the operation and maintenance stage, and 253 in indirect jobs in Magallanes Region.
| RRAGAZ2yFftex GKS a! YyYASSNBARIR RS al3rtftlys,
laboratory, forecastig a generation of 8 jobs.

1Lwob! 3 aSiKly2t Ly&aidAGdziS aLyy20FGA2y hdzit22] wSyS
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1 Itis important to consider the participation of women. For this purpose, it is possible to
participate in plans such as "Energy + Women" or in the NCh-3262 Chilean standard.

1 871 large and mediurized companies with the pential to participate in the hydrogen
industry were identified. However, none of the companies are in the region of Magallanes.
This opens an opportunity for smaller companies vaiftresence in the region.

1 A community engagement plan should be made based or@wede for the participatory
development of energy projects(Ministry of Energy, 2019)in addition, relationships
should be establishetletween the private sectowith universities of the region, which
have the capacities to support developers in the preparation of social, environmental, and
territorial studies, specialized energy analyaisd citizen participation plans.

Chapter 12 describes Activity 11which consistof an analysis of the rolef the different
stakeholders in the development of the project. Moreover, an analysis was performed to
identify the markets where -enethanol producerscould participate, and the viability gap
involved in the project.

The contens of this chapter are organized as follows:

1 Project structure
1 Off-takers
1 Breakeven price analysis

Themainconclusions of the chapter are the following:

¢ .LaSR 2y G(G2RIF&Qa 3INBSYy KeRNR3ISy LINR2SOGaxz |
which operatesand develops part of the value chain (electricity utilities, chemical
industries, or O&G companies), a technology provider interested in the implementation
and testing of its technology, or even an-tdker that plans b ensure the provision of the
greencommaodity in the longerm.

1 Renewable methanol will play a key role in supporting the low carbon transition for hard
to-electrify applications, such as heagwty vehiclesJong-haul trucksor maritime vessels
Moreover, due to itdigh-octane rating, methanol is a versatile fuel that can be employed
in internal combustion engines (gasoline or diesel), hybrid systems, fuel cells, cookstoves,
and boilerIRENA & Methanol Institute, 2021)

1 The maritiméransport sector is an interesting market for methanol adoption sineéidhs
with its decarbonization goal&en though the high cost of greerneethanol, associated
with CQ capture, this efuel has advantages compared to its other competitors in the
shipping sector that could compete with them in the long teFor examplecompared to
its competitors green ammonia and Liquified Natural Gageen emethanol has
advantages ranging from lower emissions, low infrastructure costs, and easy to handle

1  The chemical industry is also a potential market for green methdrotlate it has shown
an intention to reach zero emissions in the long term and is one of the sectors that demand
most of the methanol produced worldwide today.

1 The green methanol advantage that it could be converted into other fuels such as e
gasoline, diesel, and &erosene, allowing it to be a pivotal step to reach markets where
net-zero targets have been set.

1 Potential early adoptersf emethanolcould be theAsian, Europan, andSouth America
markets

1 The high Levelized Cost of Methanol (LCOM) is a challenge for its development since off
takers will notprocurethe product despite its clean attributes until the gap of prices is
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substantially reducedr-or the studied project, evewith a reduction of the CGand GH2
priceg, the LCOMresultant would be914 USHBonMeOH. Even in this scenaridhe
obtained LCOM is still two times higher than the fossil methanol pritkerefore,
complementary instrumentsvould be requiredto reduce the price gap of the project
among theseare theoptimization of the configuration of the project (for example, using a
CCU system instead of a DAC system), ube of carbon market instrumentsjsing
concessional finance instruments;, the implenmentation of stronger regulations.

If the project relies on carbon markets to close the viability gap, a certificate pric8Q@d 1
USD/tonC®would help to reduce the gaporeover,subsides to shorten the gap would
require to subsid®5% of theCAPEX téully close the gap, close to 285 MMUSD, which is
far from the 50 MMUSD awarded to 6 GH2 Chilean projects in .Z0Rérefore, o
implement the Planta combination of efforts from the carbon market, concessional finance
and offtakers will be required toully close the viability gap, along with new configuration
of the project or technology cost reduction that could help to lower LCOM of the
commodity.

Due to the high CAPEX investment for this project, a potential developer could be a major
energy companysuch as O&G, interested in investing in a synthetic fuel projeat
company that could accept a shagrm economic disadvantage, with the expectation to
gain an advantageous position in the mid and long term.

Chapterl3describes Activity 12which conssts of recommendations for the Ministry of Energy
of Chile and other public institutions to facilitate and promote investment in projects such as
the Plant defined in this study.

Therecommendation®f this chapter are organized as follows:

1
1
1
1

Technical
Ecomomical
Strategic
Regulatory

Themainconclusions of the chapter are the following:

1

Undertaking additional studies to optimize the concept of the plant considering location,
feedstock availability, and access to shared infrastructi@ealuating the possilty of
changing the location to other areas of the country with more industries nearby may be
beneficial to obtain an industrial source fenavoidableCQ that avoid using a DASystem
(which represents 40% of the overall CAPE®ther alternative to evaluate is the
implementation of CCU in unavoidable sources and transporting it to the productign site
instead of using a DAC systeldence, to develop a synthetic fuel industry, it is crucial to
identify unavoidable C{sources, create an environmentmducive to collaboration, and
joint development for developers to use those sources before evaluating using DAC
systemsPrioritize unavoidableCQ sources for the development of synthetic fuel industry
would improve the competitiveness offael initiatives. Moreover, the creation of a service
provider to capture and transport unavoidable O®ay be encouraged. This would help
decreasing the development cost of synthetic fuels projects.

2 Considering a B2 priceof 1.5 USD/kg, GQprice equal to 100 USD/t, and aliscount rateof 5%
(optimistic scenario)
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1 Encourage the development of professionals in Chile feyrdghetic fuel industryin the
Magallanes regianldentify the work force gap for the development of synthetic fuel
projects For example, laboratory technicians specialized in synthetic fuels or wind turbine
specialists, who can patrticipate in the syntiedtiels industry, specialized in different parts
of the value chainfFurthermore international cooperation should be encouraged to share
knowledge and create jobs. Partnerships between new developers and universities should
also be encouraged.

1 Generateguidelines for safe operation and incorporation of greemethanol as fuel for
use in vehicles or electricity generatioMethanolis corrosive to some metals, and a
technical standard considering safety requirements to use grearetanol in vehicles
engines or guidelines about how to modify vehicles engines, could accelerate the process
of vehicles adaptation(Methanol Institute, 2021) Additionally, encouraging the
deployment of renewable fuels through a quota system wdalglitate price incentives to
provide stability for sustained growth and investment.

1 Development of environmental studies to determine the impact of synthetic fuels on
ecosystems3uch as the possible cumulative effects of plant construction in a gikem a
the impact of wind farms on birds, or the impacts of desalination plants on the coastal
ecosystem.

i Assess the implementation of pridesed approaches for market enhancement (a
Contractfor-Difference scheme)Pricebased mechanisms aim to provide a stable and
predictable source of revenue for clean energy investments to achieve a specific installed
capacity.

1  The maritimetransportsectoris a potential markefor synthetic fuelgdue to its hareto-
electrify claracteristic.Thanks to the comparative advantages tigaeen emethanol has
in front of other sustainablguelsand the willingnes$o pay a green premium by shipping
companiesshippingis a relevant niche fahe adoption ofe-methanol at internationaand
national levelandshould beconsideredas a key product téacilitate the adaptation of this
sectoroffering a competitive duel that meets international standards

1 Encourage agreements with Asian countri@sia already has experience in workinighw
fossil fuels and is a large consumer of methanol. Therefore, a strategy to generate
agreements withAsian countries would help facilitate the demand for synthetic fuels,
especially green-methanol. These agreements open the possibilitcoflaboratirgin GH2
derivatives, such agreenmethanol. It should also be considered that there are already
methanol export routegrom Chile to Asian cities, such as Tokyo, Seoul, Beijing, Shanghai,
and Hong Kong, from Punta Arenas.

I Facilitate and encourage sectooupling.This means the reuse of existing infrastructure as
pipelinesand transportor the complementary use of portBor examplea good alternative
to face the elevated cost of DAC is to generataethanolfrom the CQ obtained from a
bio-methanol plant. Therefore, if one project considers the production of-hiethanol,
this project could be coupled with a greeareethanol project in the same locatigiRENA
& Methanol Institute, 2021)

1 Magallanes already has regulaganstruments that favour investments in the region, such
as Law 19.606 (Austral), Law Navarino for Tierra de Fuego (duty and VAT exemptions) and
the economical conditions of Free Zone. However, additional instruments could be studied
by the authorities & promote green hydrogen investmerits Magallanes and the rest of

Sur
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the country, with special tax or incentive regimes as others implemented recently in the
region by other countrie’s

Chapter 14 describes Activity B, which considered the realization od final Wokshop to
present the results of the study. The Workshop was held in Mafabf 2022.

A total of 121 peoplavere invited to the event from 32 institutions and companies. The
asistants totalled®5 persons, from 26 institution and companiesthsut counting the speakers

at the event. The institutions and companies that assisted were the folloWBg§Chile, AME,
Asesorias Enersur Ltda, Asociacion de H2 Chile, Axens, BP, Colbun, Copec,N\GORINE)E

GHD, Glz, Gore Magallanes, HIF, Ifpdethanex, Ministerio de Energia, Seremi de Energia,
Siemens, Sowitec, Total Eren, Universidad Autdnoma, Universidad Catélica, Universidad de
Magallanes, World Bank Group.

3 Colombia approved Law 2099 in 202y which investments, goods, equipments and machinery used
for the production, storageconditioning and distribution of hydrogen will benefit from the deduction of
income tax, VAT and duties exemption, and accelerated depreciation
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In Activity 1, the most common production routies five synthetic liquid fuels (methanol, DME
dimethyl ether,gasoline, kerosenand diesel) from hydrogen and G@ere described and
analyzed, focusing not only on methanol and its derivatives, but also on FiBapsch fuels.
The initial key performance indicato(gPIs}o be used were the required process steps, the
simplified mass and energy balances as wethasTechnology Readiness Levels (TRL) of each
production processAdditionalindicators regarding environmental aspettsre also used

The nain information that was provided for each synthetic fuel process/technology included:
w Short description of ezh synthesis route

Simplified mass and energy balances of each production route

Net water demand

CQeq avoied emissions

€ €& €& ¢

Estimated production costs of each fuel in US$/t for Magallanes
w Transformation efficiency from power to kb liquid fuel

Theanalysis presented iActivity 1 was based on previous work within the EDF group as well as
publicly available information fra European projects, authorities and industrial and scientific
associationsFurthermore, some of the most advanced Poweiiquid projects at industrial

and commercial scale from Europe were described in bFied. results wersummarizedn the

form oftechnology fact sheets for each procesel fuel (the details are presented in the Annex)

The resultof Activity 1provide the input for theanalysis andecommendatiois of Activity 3 as
well as for the more detailed analysifthe followingActivities5, 6 and 9.

2.1 Definition of synthetic fuels

Synthetic fuelshereinaftersynfuels) are liquid fuels that differ from conventional fuels (diesel,
gasoline, kerosendh both the production process and the replacement of crude oibaaw
material source.Therefore gaseous fuels (hydrogen, methane, ammopraduced from other
feedstock than crude oil or natural gasl products from unconventional raw material sources
(oil sandshale oi) andsomeothers areoften counted as synthetic fuebss well Somesynthetic
fuels are onlyused for specialapplicationssuch as rockepropulsion (hydrazine, syntin),
whereas the saalled XtL fuelg¢'X-to-liquid") are considered as transportation fuel for cars,
maritime and aviation sector.

Thesefuels are liquiddrop-in fuels with similar properties and compositidn relation to
conventional petroleumbasedfuels thus, theycan directly replacehe latter in common
combustion enginedistributed via the existing infrastructures well as fagthte their market
introduction. XtL fuels broaden theaw material source®y conversion osolids or ga®s into
carboncontainingliquid fuels(e.g. using natural gas (GtL) or coal (CtL) as raw majeiNaist
recently, climateneutral synfuels from bimass (BtL) or lowwarbon power and CQPtL, efuels)
gained increasing interest.
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XtL fuels can be produced by various technologies, which can be summarized into two main
routes baed on their intermediate productéhe Syngasoute and the Methanol route (see
Figure2).

RE
Power

Synthesis Synthesis (“MtG”) DM!E
Methanol Gasoline
Kerosene

RWGS FT Synthesis Diesel
Kerosene

o Co-Electrolysis
G'aé\’('\ca“

RE
Power

Figure2. Synfuel production routes

For allXtLfuel production routes, additional hydrogen is required, except for GtL production,
for which the hydrogen content of natural gas is sufficiefihe hydrogen can be either
generated during the synfuel production processes internally, or suppleexternal sources.
However, the conventional production of hydrogen from methane through steam reforming
(SMR)leads to high Cemissions; therefore, alternative loearbon hydrogen sources are
required

Electrolysis isrmexternal lowcarbon sourcdor hydrogen productiomwhichis gaining recently
an increasingnterest, it consists othe endothermic split of water into hydrogen and oxygen
driven byrenewable energies (REJhedecreasing cost trend dREin the lasttwo decades, in
particular fromPV and wind, as well as technology developmentsleatrolysesenables a new
and promising technical and economic feasible production ofdavbon hydrogen. External
electrolytic hydrogen is usually considered for the methanol route, becausea®edirectly
converted with Hto Methanol and subsequehtto methanotderived fuels.

In the next twosections an overview about the synfuel and the methanol routegresented
considering alternative lowearbon hydrogen only as hydrogen source.

2.3 Syngasoute

The syngas route consists of three processes, the production of syngas, its conversion into
hydrocarbons and the subsequent upgrading into usable liquid fuels asliesel and kerosene.

Syngas is anixture of CO and kHand can be produced from vatie inputs. Today, syngas is
produced at hundreds of kiloton scales either framal gasification or from natural gas via
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steam reforming or partial oxidation. Both fossil inputs contribute to increasinge@sions

andto global warming. Therefore, alternative carbon sources like biomass or municipal wastes
are seen as the only future sustainable inputs, thiety havenot beenused commercially so far.
Depending on the chemical composition of the input materials, the aymgtio of CO to H
varies. For the subsequent synthesis of liquid fuels, a ratio of 1:2 is required. For all fuels except
natural gas, the ratio has to be adapted by addition of water to increase the amount of hydrogen.
CO reacts with water to G@nd hydrogen (WatetGasShift reaction, hereinafter WGS), and so

the desired ratio can be achieved. Impurities like water, soot, particles, sulfur and nitrogen
components as well as ¢ the syngas have to be removed before the subsequent synthesis.

In the sytthesis step, syngas from gasification of solids or natural gas conversion is converted in

the heterogenous catalyzed Fischer Tropsch prdcés® longOKlF Ay K@ RNROI Nb2Yy &
{@YONHRS¢ 0D /| GFfeada ¥F2 NiorChowdvalidonbaddatalystz wdzi KSy
are favored due to their catalytic effects for WGS reaction as well. The FT reaction is highly
exothermic and requires good heat removapproximatelyl0% to15% of the final FT product

are light gases, the remaining syncrude considtdyairocarbons up to 30 Carbon atoms,

depending orthe catalyst andhe reaction pressureand temperatures. Subsequent upgrading

2F GKS C¢ &8y ONHZRS 064l @RNRONI O1AYy3Ie0 G2 RASAS
comprise isomerization, hydrogenation céinaromatization, depending on the syncrude

composition andnthe desired main produst(diesel or kerosene The diesel to kerosene ratio

of the final product can varetween 3@6 to70%.In any case, both products are produced, as

well as some naphtha.

So far, the direct use of G@ith Hin a FT process is not commercially availadae research

is still ongoing. However, two indirect routes can convert D@ FT fuels, both are already
successfly demonstrated at pilot scale and for each of therfirat commerciaiscale project is
announced (se@revious section)The first indirect route isia endothermic Revers@Vater-
Gasshift Reaction (hereinafter RWG®) whichCQ and H react to CO and water. The second
indirectroute is Ceelectrolysiswhich consists of aimultaneous electricitgriven reduction of
CQ and water toproduce syngas at higemperatures. Both routes are seen as attractive
technologiesf the origin ofelectricity ischeap andenewablelow-carbon. For RWGS, hydrogen
is produced externally via electrolysis and mixed with, 8€fore entering the RWGS reactor,
whereas in ceelectrolysis hydrogen is generated internally.

For completeness, syngas conversion to methanalwell-established process at mega and
gigascales. Diing the last decade, several plants were set in operation in China, with syngas
produced from coal. Methanol is used as fuel directly, as fuel additive ahdégeroduction of
chemicals. In other regions, natural gas is the main input for methanol ptioduc

2.4 Methanol route

Direct methanol synthesisfrom CQ has attracted interest recently,particularly due to the
successful commercializatiam Iceland of an enethanol denominated Vulcanol, in ti@arbon
Recycling International (CRijoject The proje€ was commissioned in 201Z,Q is obtained
from a geothermal source and the production of methanol reaches 4 ktons/year.

4FTprocesshas nearly 100 years of existenceyits developed by German researchers Franz Fischer and
Hans Topsch inthe 1920s for making liquid fuels from coal with irdpased catalystat 400°C and
pressures above 100 har
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Methanol is directly synthesized from £€@nd hydrogen viacatalytic methanolation with
Cu/ZnO catalysts. Methanol is a storable arahsportable product, and can also be used
directly asa fuel or as fuel blend. One disadvantage of methanohdsel or for transport
applicationgs its low energy density compared to gasoline, diesel or kerosene.

Dehydration of methanol to Dimethglther (DME) leads to a gaseous fuel, which is considered
a substitute for diesel if liquified at 5 bars. DS beenused as fuel in Chirfar several years,
and its main advantage as fuel are the missing cadsarbon bonds, resulting in much lower
soot enissions compared to diesel. DME synthesis is akmellvn process and applied at large
scale in China.

A weltknown process for methanol conversion to synthetic fuels isMa¢hanol-to-Gasoline
(MtG) process developed by ExxonMoéMi6 years agoDehydration of methanol leads first to
DME and subsequelgtto light olefins(chemical products thahave from twocarbons to five
carbons) which undergo further chain grdtvto higher olefins(havingup to twelve carbon
atoms). The dehydration reactionare catalyzed by aluminosilicate zeolites, whose dedicated
pore size hinders the formation of larger carbohydrates. Subsedyéhe olefins are upgraade
through hydrocracking into usable fuels. With a combined procesklaethanol-to-Olefins
(MtO®) with a downstreanMobil Olefinsto-Gasoline-and-Distillate process ¥IOGD, methanol

is converted into kerosene.

Either MtG or MOGD processes are used today for fuel produckios.MotunuiMtG plantin
New Zealandused natural gas toperate at large scaldor several yearsrom 1986 to 199,
producing 600 kton/year of gasoline.

MtO process, as an alternative to the production of ethylene and propylene trough
petrochemical routes, has experimented a significative growth since 2010: according to the
MethanolInstitute, MtO accounts for 25% of the global methanol consump&inmillion tons

per year).Furthermore, conversion of methanol to light olefisisch asthylene and propylene

is applied at large scale (5@fbngyear) inseveral plantsn Chind (Gogate, 2019)

2.5Fuel and technology selection for Magallanes plant

l'a YSY(iGA2ySR Ay (UKS AYUNBRdAZOGAZ2Y 2F (GKS NBLR NI
the prefeasibility of the synthetic liquid fuel production inettMagallanes Region, based on

IAINBESY KeRNRBIASY TFTNRBY HAYR SySNHe¢d ¢KA&a RSTAY]
(hydrogen, ammonia and methane) from further considerations, due to the focus on liquid fuels

only.

This studyhasa technologyopen and naximum broad scope, according to tleensultant’s
technical proposal to IDBTherefore, all potential liquid fuelsere considered as a potential
option for a plant in Magallanesand compared with a muttiiteria evaluation matrix (see
chapter 4 dedicatedo Activity 3)

5> The ExxoNlobil MtG process s introduced in 1975 to convert methanol to gasoline. The first patents
were originally assigned to Mobiill@rior to its merger with Exxon Corp.

5 MtO wasfirst introduced ky Union Carbide in 198%0ome of the principal MtO technologies awarently
commercialized by Honeywell UOP, Lurgi and by Chinese Corporatons and Institutes.

”Two MO production sitesre operational in China: a3 ktons/yearlicensed and operated by Jiangsu
Sailboat Petrochemical Company, an800 ktons/yealicensed and operated by Wison Energy
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The potential liquid fuels comprises methanol as well as all fuels derived out of methanol,
namely DMEdimethyl ether) gasoline and kerosene, as well as diesel from the FT route (see
previous sectionBesidessinceFT can also be uséar the production of kerosene, FT kerosene
was alsoconsideredand compaed with kerosene from methanol. Furthermore, for FT fuels,
two different upstream processes (@bectrolysis and RWGS) had to be considered. All of these
considerations lead to fivalifferent fuels and eight different synfuel production routes,
summarized inthe following table

Sur

Tablel. Selected fuels and technologies for Magallanesfg@asibility study

RWGS CoElectrolysis

Methanol X

DME(Dimethyl Ether) X

Gasoline X

Kerosene X X X

Diesel X X
Source: EDF

Therefore, five technology fact sheets on the different fuel and eight factsheets sto@el
technologies are providefseethe Appendi of this reporf.

For comparison, several technical key performance indicators were chosen, presented to ME
and IDB and modified after discussions. These KPIs were used in Activity 3 to rank the different
fuels andto compare thetechnologies (for details, seghapter 4), and to get a wdbalanced

and traceable basis for discussion and decisiking.

2.6 Technical &y performance indicators

To compare thalifferent fuel options, thirteen criteria were defined (see chap®# of which
eight are related to techical key performance indicators and five for economic indicators.

It is worth to mention here, that only the fuel synthesis process is considered at this level. Effects
from the onshore wind power production and distribution, £@ovision from Direct Air
Capture, sea water desalination, requirements for-gffl plants (e.g. baekp generation,
electricity storage) as well as hydrogen production from electrolysis canéted, if not
mentioned explicitly.Hence,there is no difference for the eight synfuptoduction routes
related to these upstream processes.

For the environmental, technical and commercial critettie, following KPIs were chosen:

1. Water consumption the net water demand based on the mass balance for fuel
synthesis was chosen; water reledsduring fuel synthesis is considered to be fully
recycled and refeed to electrolysis; in [kga#kg fuell.

2. CQeqg emissions avoidedbased on literature values given(itiebich, 202Q)the GWP
(Global Warming Potentiatiduction for each synfuel were calculated from fossil fuel
emission; in [%].
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Safety aspects safety related chemical characteristics (flash point, -igglition
temperature, explosion limits, water solubility) for each fuel were combined with their
compulsory dssification and labelling according to Global Harmonized System (GHS)
for chemicals.

Other indirect effects heat of synfuel production and combustion behavior of each fuel
Technology maturity based on the TR{T'echnology Readiness Levef)all separate
synthesis process steps.

Transformation efficiency overall efficiency from electricity to synfuels; [in %]
(excluding desalination, DAC, distribution, transport, grid losses).

Use for energy storagehe energy density of each fuel and the amount of hydrogen in
the final fuel, in [MWh/t] resp. [w®4].

Production costs the estimated production in [$/t]; (assumptions: Hydrogen
production costs 1.500 US$ikind electricity costs 20 US$/MWh; €€psts 330 UBt;

10% interest rate; lifetime 2%ear9

Competition The number of alternative lowarbon fuels/technologies for each fuel

2.7 Comparison of 8 fuels (Technology fact sheets summary

The detailed technical KPIs can be found at the fact sheets in the Apgpendihe key findings
can be summarized as followed:

)l

The netwater consumptionof all synfuels are very similar around 2.5 kg water/ kg fuel,
with Methanol slightly lower than DME, gasoline, kerosene and diesel.
Theemissionsrelated to all five PtL fuelsre very low, around Q5 gCQeg/MJ (resp.
300430 C@eqg/kg synfuel) resulting in a C£q reductionbetween 8590%compared

to the corresponding fossil analogue fuels -@® gCQeq/MJ resp. 20068500
CQeqg/kg).

Safetyrelated issues concerns explosiondatoxicity issues. Whereas gasoline, diesel
and kerosene have quite similar chemical properties, DME and metlaaadlfferent.
Methanol has a low boiling point; and DME is already a gas under standard conditions
therefore, explosion risk can be seenkdgher due to easier evaporatioWice versa,

the selfignition temperature of both are considerably higher than gasoline or kergsene
which means thathe explosion risks lower compared to the other fuelsHowever, all

fuels are already marketable products, so, manifold experience with handling is already
available Thegoodwater solubility ofmethanol can be seen as an advantage in case of
contamination of soil and seeompared to gasoline, diesel and keeme. Although a
methanol contamination will have severe effects on the-biod geosphere, it will occur

in a smaller area andill be easier to handle

Other indirect aspects the occurrence of waste heat in the production process in a
sparsely populate areacancause a disposal probletifino additional heat sink for this
heat can be found. Waste heat will be produdedall fuels except methanol. Regarding
the combustion ofeach synfuel, methanol and DME cause lower soot and particle
emissions thanthe others moreover all synfuel reduce hazardous emissidns
comparison to their fossil analogues due to less sulfur and nitrogen contents and a more
homogeneus fuel composition

The methanobased fuels have a high&@RLthan the FT fuels due to the went low

TRL of the syngas production via RWGS -@lecirolysis Sinceno fully commercialized
plants based on RWGS and-etectrolysisare commissioned today, every additional
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process step increases technical risks. Therefore, methanol can be seemsas m
advanced technology, followed by DME and gasoline.

1 The highespower-to-synfuel efficienciesare achieved for methanol production, due
to the 1-step synthesis production. All other fuels have lower poteefuel efficiencies
but similar to each otheHowever, this is resulting from the lower efficiency regarding
the envisaged synfuel. During production of gasoline, kerosene and diesel, a part of the
products are byproducts(e.g. diesel for FT kerosene productiand vice versa).

1 Methanol has the lowasgravimetric (and volumetric due to similar densities of liquids)
energydensity of all investigated synfuels, followed by DME. Diesel and kerosene have
the highest energy density, slightly higher than for gasoline. Considerinbeteeight
percent ofhydrogenin each fuel, theankingremainsin the sameorder.

1 Theproduction costfor all eight synfuels are higher than for the fossil ones. Therefore,
the price ratio between synfuel and fossil are considered to distinguish the different
options, resultig in methanol tdbe theclosest toits alternativefossil market price. £
methanol is roughly two times more expensive than natgas based methanol,
whereasthe differencebetween e-gasoline, ediesel or ekeroseneversus their fossil
alternatives,is fivetimes as much

T Synfuels are in competition with biofuels on the market for doavbon fuels (for
example, emethanol competes with methanol from Biomass gasification & MeOH
synthesisthe same competition occurs betweerkerosene and kerosene pléddcohot
to-Jet and between -g@asoline and bigasoline and bi@thanol produced from wheat,
maize or sugar cane).

1 On a longerm perspective, both biduels and efuels will be required as fossil fuel
substitutes; however, the future market share of has hard to predict. Today, biofuels
are the less expensive alternative to fossil fuels thaimeds. However, with cheap
hydrogen from RE (around5l-2,p kg ht2), efuelscan becomehe less expensive low
carbon alternative

1 A strong additional threaffor synfuels is the switch in powertrain technologmn.
particular fore-gasoline, emobility isa strong competitionto replace gasolinavithin
this century(Europehas plans to become carbon neutmal205@). In the case ofliesel
and DME as-fuels fa trucksand busesa competitor isgreen hydroger-CEV (fuel cell
electric vehiclesps an option to replace carbon fuedsd ICE (internal combustion
engines)

2.8 S*lectedEuropearPowerto-liquid European projects

In Europe, PtL projects are focused maim two synfuels, methanol and kerosene. An overview
of ongoing projectss given injError! No se encuentra el origen de la referendiar methanol
andiError! No se encuentra el origen de la referendiar kerosene.

8 The European Commissiteleased ifduly202m (0 K S & C Jslatiorfpackidggith ldindihgSaission
targetsto reduce GHG emissioby 55%by 2030.All new cars registered as of 2035 will be zemission
This wouldimply the end of the sales ohew galine and diesel engine models and hybrigisd a fast
roll-out of low emission transport modes
(https://ec.europa.eu/commission/presscorner/detail/en/IP_21 3541
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The key findings can be summarized as fadlow

T

E ]

No clear preferences for the electrolysis process, both Alkaline and PEM are applied for
hydrogen production.

Coelectrolysis is rising technology, with a first industrstale project announced for
kerosene.

Renewable energgource is predominantly offshore wind.

CQ from industry is the main carbon source, &@m air is no option so fardue to
economic reasonsCQ from air is currently around 10 times more expensive than CO
from point sources. However, in a lotgrm perspective, costs of Direct Air Capture
(DAC) are assumed to decrease; furthermore, in a fully decarbonized future it will
remain the most importantCQ source (besides cement industry and waste
incineration).

So far, only methanol and kerosene production projects are announced, driven by the
needs of hard to ddossilize chemical and aviation seor

Methanol projects are more numerous and at largeale than kerosene oné¢see next
Tables)So far, about 10 methanol projects at commercial scale have been announced,
and some others are waiting for subsidies from the European Commission. In contrast,
only two commercial projects on FT fuels (for lsaone production) have been
announced; both located in Norway due to available cheap wind and hydro power. As
well one Methanoito-Kerosene project is announced today. This preference is likely due
to the direct utilization of C&for methanol production, Wwereas for FT fuels, the €0
has first to be converted into CO by RWGS eel€ctrolysis, both with lower TRLs.
Methanol production is based on direct methanolation o£,CO

Kerosene production will be synthesized from syngas via FT route.

Table2. PtL projects in Europe for Methanol

CRI (Carbon Iceland 2012/2022  Direct Methanol synthesis; G&®om geothermal

International source; AEL4 kt/y (+ 110 kt/y plant in China in

Recycliny 2022)

Carbon2Chem  Germany 2018 Demo site for various products (Methanol, NH:
steel2 ¥F Il AT H a2 ! 9[T

aA2 FdzyRAY3a0OT ™M o0e T2

MefCO2 Germany (Ruhr 2019 Direct Methanolksynthesis; C&from coal power
area) plant; 0,6 MW PEM350t/yT MM aA 2e€

North-G Belgium 2024/2028/  Direct Methanol synthesis; G&®om industry;

Methanol (Ghent)/ 2030 AEL & PEM; 2024: 65 MM4ktlyT Mnn a
Netherlands 2028: 300 MWMethanol & Ammonia)
(Rhodenhuize) 2030: 600 MW

Liquid Wind Sweden 2024 CQ from Biomass; PENsQ kt/y ; eMethanol

process from HaldorTopsoe

9Sourcesvww.carbonrecycling.igmww.thyssenkrupp.com/en/newsroom/conterppage 162.htmt
aS¥T/ hi o Ywiwderthctududzedwww.liquidwind.se www.djewels.eu www.vicat.com
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q

L
Djewels Netherlands
HyNoVi France (Eastern)

Copenhague Denmark
Methanol

2025
2025

2027

O

asur

CQ from industry;30kt/y ; 20 MW electrolysis

CQ from cement industry; AERQ7 kt/y; 330
MW electrolysis

n.a.,80ktly

Source: EDF based on developers information

Table3. PtL projects in Europe for Kerosene

Werlte Germany
INERATEC Germany
Pioneer plant (Frankfurt)
Nordic Norway
Electrofuel (Hergya)
Norsk efuel Norway
(Hergya)
Reallabor Germany
Westkiiste100
(KeroSYN &
HySCALE100)

Source:

10Sources:  www.nordicelectrofuel.no

2021

2022

2023/24

2025

2025
(2030)

RWGS + FT; DAC & CO2 from biogas plant;
350 tly

RWGS + FT; efiom Biogas;
3.5ktly

RWGS + FT; e€®om industrial point source8
kiyT MHNn aA2 €T hdzif 22]

CoElectrolysis; C&rom DAC;
8 kt/y ; Outlook 800 kt/y

CQ from cement industry;
HAHPY on a2 StSOGNRT &,
2030: 700 MW; Methanol & kerosene

EDF based on developers information

www.norske-fuel.com ;  www.westkuestel00.de ;

www.ineratec.de
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2.9 S*lected Poweto-liquid projectdn rest of the world

The next Table presents data for green metharojects in Canada, Australia and China.

Tabled. PtL projects in rest of the world for Methanol

BellBay Australia 2024 RE from hydro and winddACdeveloped ly Abel
(Tasmania) Energy and Thyssen 100 MW electrolyser
methand for export & DME plant for loca

industry;

2024: 74 ktly; 2030: 1 million tonsly; financia
support from Tasmaniandsernmert

RH2C Canada nd 120 ktonly; developed byRenewable Hydrogen
Canada
LiquidSunshine China(Lanzhou) 2020 1 ktonly, developed by Dalian Institute o

Chemical Physicsutlook to10 kton/y

Source: EDF based developers informatic

USources: www.abelenergy.com.gu Methanol Institute for China and Canada projects;
http://english.dicp.cas.cn/ns_17179/ue/202011/t20201104 248632.html
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3. ActivityN°2: Commercial Analysis

Sur

The opportunities for commercialization of syntheliguid fuels vere identified in order to
consider those sectors that arfgest positioned forthe adoption and incorporation of the
solutions. Within this activity, a benchmark of the announced synthetic fuels projects in Chile
was identified to establishte shortterm trend for this market, and the potential efékers
willing to acquire tlese products.

The main challenges for these technology solutiarese described, considering technology
barriers (development stage of the technolaglisolution), econmical barriers (price gapsost
reduction opportunitiesand regulatory barriefs and resources barriers (human capital
availability, natural resources in the area and availability of main inputs for the promess
example the Cgemissions from nearbyrpcesses

3.1Benchmark of synthetic fuel projects in Chile

Chile” sportfolio of green hydrogen projectsasquickly reached a total number 60 projects
(Energia Estratégica, 2028mong these initiatived is possible to findour e-fuel projects
located in different parts of Chile, as showrFigure3.

Haru Oniis the largest duel projectin Latin America andwill be

located in Cabo Negro Magallanes. The investnfenthe project is Q OASIS
approximately USD $38 Million and it is planned foroduce e 9

Methanol and eGasolinefor export markets Haru Oni is ailot plant AMER
which will producegreenH; and efuels through awind turbine (3.4 METH2

MW), anelectrolyser {.25 MW which can produce 20,5 kg per hour of
hydrogen, and carbon dioxide capturétifrom the atmosphere. The
pilot phase of theproject will producebetween 500 and 65@ns per
yea of distilled methanoknd 206 tons of gasolinper yearin a first
pilot phase, that will start production in April 20Z2or this production
level, and considering the factsheets in the Annex section, the
estimated feedstock demaniir the projectwould bel100 tons of H, '
1.100 tons of water, and 750 tons of {@@r year

The project aims to scaigp to reach a total of 55 million litersf e-

fuel in 2024 and 550 million liters in 2026 May of 2021Haru Oni “;

obtained the approval ofits Environmental ImpacDeclaratiof®
(Electricidad, 2020KElectricidad, 20204)EA, 2021) HARU ONI

ENEL presented i8340 MW electrolyser for the future commercial
phase of Haru Oni projecti 2 / hwChQ&a Llzot AC | f f G2 FAYLY
electrolysers and was awarded with USEQImillion of public funds

Figure 3. Efuel
projects inChile

12 Global Thermostat announced the signature of an agreement with HIF to supply direct air capture

equipment that can remove up to a maximum of 250 kg of carbon dioxide per hour froatrtteesphere.
13ThecompanyHIF SpA presented in November 18th of 2020 a Declaration of Environmental Assessment

(DIA) which was approveih May 14" of 20216& wS&2f dzOAsy 9ESyidl bc npy
Ambientalmente el proyecto piloto de descarbonizacidnd2 RdzOOA sy RS 02YodzadGAof Sa (
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The Hoasisproject would be an duel production facility based in thAntofagasta Regiorit
would have3 GW of solar PV capacity to generate electricity for a 2.1 GW electabysisvith
an estimatedhydrogen productiorof 102 kton H/yr (for mining trucks, other mining uses and
fuel cell trucks)and anammonia plantthat will produce250 kton NH/yr; potentially it could

also produces-Methanol in the future(Electricidad, 2020)

METH2s apilot plantin Atacamaannouncedby Sowiteand other companiego produce H
and eMethanol through 8300 MWelectrolyser and asolar, wind and hydraenewable mix for
electricity generatior{lIEA, 2021jGIZ, 2021a)

Finally, AMERIs a project that considers the installation of a methanol plant in Antofagasta
Region that wilprodua 60 ktons/yr of e-methanol using renewable energy, green hydrogen
and CQcaptured from docal industriakource.The electrolysewill have acapacity of80 MW

and will produce 11,8 kton & NJX» ¢ KA &

LINE 2SO

gl a

LINB&aSyidSR

call to finance electrolysers and was awarded in December 29 of 2021U&Eh11,8 million of

public fund$*.

3.2 Analysis of local and global market for synthetic fuels

3.2.1Penetration factor for synthetic fuels

The purpose of this section is to build a forecast based on existing secondary sources to
understand thepotential demand for efuels in future scenariasA study made byFrontier
EconomicqgFrontier Economics, 2018)as takeninto considerationto estimatethe potential
Power to XPtX) market sizefor 2050 eeFigured.).

Figured. PtX demand shares psectorunder different scenarios in 2050.
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14 http://blog.investchile.gob.cl/chileattractsusI-billion-greenhydrogeninvestments
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This reference providabree differentdemand forecasscenarios

1 High case assumes PtX sha@she European marketwhich isconsidered an absolute
upper bound for a future PtX market size

1 On the other hand, the reference case is more conservative and considers that PtX is
adopted once electrification and direct renewabl@lectricity reach its limit. For
example, the rangef PtX market penetratioms between10% to 20% in sectors where
renewable electricity andther green fuels,like biofuels,are expected to be the
dominating sourcedJnder the same scenaria) bther sectors like maritime transport
and aviation, the PtX shes are estimated between 50% and 70%, as decarbonization is
more difficult without green synthetic fuels.

1 Finally, the low casscenarioassumes that other low carbotechnologies,such as
renewable electricity or blue hydrogen take a larger share of ghenergy market.
Reference scenario wasonsideredor the analysis.

Despite thatthe source studieanly displays the potential PtX demand per sector and not per
fuel, the final PtX penetratiorfactor was determined considering the sector demand of each
fuel based in the experience of the consultaas shown imext Tableb.

Table5. PtX penatation percentage in 2050 by Fuel and Sector

EFuel Sector 2050 PtXPenetration (%)

Aviation 70%
Kerosene

Households 10%

Chemical Industry 10%
Methanol

Transport 10%

Heavy duty vehicle 20%

Maritime 50%
Diesel

Light duty vehicle 10%

Industry 10%

Heavy duty vehicle 20%
DME

Industry 10%
Gasoline | Light duty vehicle 10%

Source: ImplementaSur based @frontier Economics, 2018)

Since penetration factors for each sector are considerably different for kerosene and diesel, to
calculate the final penetration percentage, a weighted average was calculated considering
current demand byachsector 6eeTable6 and Table7).

Table6 Kerosenaverageglobal demand by sectdn 20192020.

Fuel Sector Global demand (ton)
Aviation 391.000
Kerosene
Household 71.000

Source(The Federal Government, 20200EICDATA, 2016)
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Finally, PtX penetration factor demand per fuel in 2050 are showialnte8. The result is used

Table7 Diesel average global demand by sector in 220.89.

Fuel Sector Global demand (Mtoe)
Heavy duty
. 5
vehicle
Maritime 210
. Light duty

Diesel vehicle 850
Households 210
Industry 180
Rail 20

Sources(ICCT, 2018{Statista, 2020)

to calculate future PtX demand by fuel for the Chilean and global scenarios.

Table8. PtX penetratiorfactorin 2050

Fuel 2050- PtX Penetration(%)
Diesel 16%
Gasoline 10%
DME 10%
Methanol 10%
Kerosene 70%

Source: ImplementaSur based(@nontier Economics, 2018)

3.22 Growth rate for liquid fuels demand

Sur

The expected demand for fossilels will depend on the capacity to achieve global low carbon
goals, implementing policies that allow the incorporation of new technology for the different
economic sectors. A strategy that allows us to maintain climate change within 1.5°C temperature
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Figure5 Coal, Oil and Gas demand projections until 2060.
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Source(T. Kober, 2020)
{GAffZ fAljdZAR FdzSta INBE LINP2SOGSR (G2 NBYIFAY GKSE
demand slowdowns after 203&xxonMobil, 2019)nFigure6, the expected liquid demand by
region is shown, presenting a contraction of the demand for some regions like Europe, and an
increasing demand for other regions as Asia Pacific. Overall dewiliie led by the transport
and industrial sectors (mainly the chemical industry), as it can be se¢ka imext figures.

Figure7Figure6. Liquid fuelsdemandforecast by region (MBDQE)
120

100 Asia Padfic

Middle East
Africa

Latin America
Russia/Caspian
Europe

20
America

2000 2010 2020 2030 2040

Source: (ExxonMobil, 2019)

Figure?. Liquids fuels demand forecast by sector (EJ).
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The growth rate for liquid fuel demand was estimated fradwxonMobilenergy outlook

(ExxonMobil, 2019)which behaves similar to the Hard Rock scenario from the World Energy

| 2dzy OAf Qa LINRP2SO0A 2y & IntiaNSmnind forSsynthatiy flels(inkt®e o6 A 33 S 3
future.

Since no methanol demand is considered in the previous source, the projections published by
the Methanol Institute(IRENA & Methanol Institute, 2024gre considered, showing @&cand
of 100million ton/year (Mt/yr) for 2019, and a projected demand of 500 Mt/yr for 2050.
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Table9. Fuels GrowtliRatebetween 2019 and 2050
Fuel Type | Growth Rate2019/2050 Chile (%/Year) (Cg/;c/)\\;\g gr) REWD AADPIEY iR
LPG (DME) 0.7% 1.2%
Gasoline 0.6% -0.3%
Kerosene 2.2% 3.4%
Diesel 0.7% 0.3%
Methanol 0.5% 500 Mton/year for 2050

Source(ExxonMobil, 2019)

Thisresultwill be used to calculate future PtX demairithe nextchapter.
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3.2.3. Estimates of Chilean and GldWatket sizeor synthetic fuels

In Chile, more than 50% of fossil fuels is dedicated to the transport sector, where the main
demand for liquid fuels comdsom diesel, kerosene and gasoline ($&égure8) (CNE, 2019For

this reason, the main challenge replacing liquid fuels in Childgvitlentered in the transport
sector®.

Figure8 Chile's PtX potential domestic demand in 2050.

o Industrial & Mining Sector

W Transport Sector
u Commercial Publi, Sanitary & Residential Sector
Diesel B Transofrmation Center Consumption
' 49% DIESEL % PER SECTOR

Gasoline

O

Source: ImplementaSur

KEROSENE % PER SECTOR

8% 3% 3%

Kerosene
39%

A—

Using the previous growth rate and a PtX penetration factor, a 2050 PtX estimation demand is
provided. In the following table, total domestic demand for liquid fuelsrésented followed
by a PtX estimated demand for 2050.

Tablel0. Chilean 2019 Fuel Demand and potential 2050 PtX Demand

Fuel 2019 ¢ T_ot.al Domestic 2059- PtX Domestic Deman(
Demand (Million Ton/Year) | (Million Ton/Year)

Diesel 8.76 1.37

Gasoline 3.34 0.33

Kerosene 1.58 11

Methanol 0 0

DME 0 0

Source: ImplementaSur based(@NE, 2019)

For 2019, the main demand comes from diesel, followed by gasoline and kerosene. For 2050 PtX
demand, diesel also represents the highest value, but kerosene segpgasoline since
transport sector is expected to be electrified, while the aviation sector (linked with kerosene) is
still defining its predominant low carbon technology for the long term, whekemsene is a

good solution for that sector.

For the global demand, growthate and penetration factor were also applied to 2020 net
demand(IEA, 2021a)The result of this exercise show that diesel will also be the most attractive

15 Consumption for eletricity generation represents less than 1%RA S& St O2yadzYLIiA2y I 4&:;:
included in the graphs
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market for synthetic fuels, followed by kerosene and gasoline, sitailthe previous domestic
analysis.

Tablell. Global 2020 Fuel Demand and potential 2050 PtX Demand

Fuel 202Q-_Global Demand 2050- PtX Global Demand
(Million Ton/Year) (Million Ton/Year)

Diesel 1,320.3 208.29

Gasoline 1,038.06 103.49

Kerosene 219.96 159.21

Methanol 100 50

DME 401.79 40.66

(Sources: ImplementaSur)

3.3 Analysis opotential offtakersfor synthetic fuels

Currently, different sectors are incentivizing the usage of synthetic fuel for seaphtations.
These initiatives represent the most proactive niches where synthetic fuels could be positioned
earlier, creating a demand, and finally, a consolidated market for this kind of fuel. In the previous
chapter, global and domestic demand wasmstied for synthetic fuels. In the following section,
some of the main collaboration initiatives involving synthetic fuels are identified, giving some
insights of the markets prone for an early adoption of low carbon liquid fuels.

As shown irTablel2 Main enablers perduel., synthetic fuel will participate in more than only
one market, and with this, different actors, will promote the implementation of avbon
liquid fuels within their sector. For example, in thé&kerosene market, policies related to the
aviation sector would be an important enabler for this fuel.

Some main enablerfor the incorporation of-fuels aredescribed in the following table:
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Tablel2 Main enablers per-éuel.

EFuel

Enablers

Kerosene

Shellis actively supporting-keroseneproduction plants(Dansk Energi, 202QNIRAS, 2020)

International Civil Aviation OrganizatiorfflCAO) is pursuing sustainable fuels, and the committ
drafting a longterm climate target for international aviation, which will be presented in 20@2e
FederalGovernment, 2021YICAO, 2019a)

CORSIAvill allow air carriers to reduce their offsetting obligations by increasing their use etaokon
aviation fuels instead, and this policy will be mandatory from 20@7A0, 2019)

ReFuelEU Aviation policwill directly constrain airline companies to gradually switch to sustain
aviation fuels (SAF) to reduce their GHG emissions; countries like the UK, the Netherlands, and
are actively considering the incorporation offieels in the aviation seot. (The Federal Governme
2021) (EASA, 2019)

Methanol

Projects to introducamethanolpowered fuel cell systems for ship propulsiare underway(IRENA

Methanol Institute, 2021)Companies like Viking line (1 unit), Ocean network Express (11 units)
Line (1 unit), Innogy HTWG Konstanz (2 units) are currently developing methanol ferries, tourist b
chemrcal tankers(Chatterton, C., 2019)Moreover, theEUfunded FASTWATER project will dev
retrofit kits and methanol engines and demonstrate these in a harbor tugboat, a pilot boat, and

guard vessel. Anethanoklpowered river cruise vessel design is also included, as well as logisti
bunkering, revision of rules and regulations, and crew training. With a budget ofr8li8i euros, this
project started in 2020, and the commissioning date is MaydZGDRDIS, 2020)

China has been active in promoting methanol as a transport fuel, and numerous Chinese aut
manufacturers are offering methanplowered vehicles (car, vans, trucks, and busesy example, i
2012 the @inese government initiated a methanol vehicle pilot of 1,000 vehicles and it is expect
between the next five years China could reach 50,000 cars, trucks and buses consuming m
500,000 metric tons of methan@gZhao, K.2019)

Diesel

International Maritime Organizatio® goal is to reduce greenhouse gases emissions from interna
shipping by at least 50% by 2050 compared to 2008 levels befingjsone of the possible alternativ
(Ash, N. and Scarbrough, T., 2019)

EU legislation announcedd set targets to reduce heawjuty vehicle Ceto 15% below 2019 values
2050(The Royal Society, 2019)

Audi AG igxploring an duels strategy to provide a compliance pathway for their vehicles which cof
e-diesel (Yugo M. & Soler A., 20190AUDI, 2018)

Renewable Transport Fuel ObligatidRTFO) in the UMyhichoblige UK suppliers to meet a target @
12.4% mix with renewable fuels by 208Ricardo, 2019)YDepartment for Transport, 2019)

DME

It wasn’t possible to find aenablerfor ee DME

Gasoline

Renewable Transport Fuel ObligatigRTFO) in the UK

PorscheO2 Yy FANNYSR Al g2dzdZ R 6S GKS LINAYLIFNE Odzad?2
YAfTfA2Y ObHydc YAffA2YyO0XZ Ff2y3 ¢A G KPokschd BaRAj K

AudiAG is exploring antfeiels strategy to provide a compliance pathway for their vehicles which cof
e-gasoling(Yugo M. & Soler A., 2019AUDI, 2018)

BMW: i Ventures investment in Prometheufaps to produce gasolingBMW, 2021)

(Source: ImplementaSur

FromTablel2, it is noticeable that some types offeels present more enablers in different
degrees of penetration (i.e., globally, continentally, or country level). For examfkrosene
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has two globabolicies(promoted by ICAO and CORSI#gne European policfthe ReFuelEU
Aviation policy and one investor(Shell, currently involved in-leerosene production that
declares to be interested in this type offeel). These consideratiorist us recognize hich e-
fuel could have more offakers at a global level depending on the type of enabkes3 ablel3
displays, &erosene has more enablers, followed bynethanol and e-diesel.

Tablel3. Enabler summary in order of relevance Hyel.
EFuel Enablers

E-Methanol | 1 Global Policy, 1 China Policy & 12 Business Develop

E-Kerosene | 2 Global Policies, 1 EU Policy & 1 Investor

E-Diesel 1 Global Policy, 1 EU Policy, 1 UK Policy & 1 Investor

E-Gasoline | 1 UK Policy & 3 Investors

EDME 0

(Source: ImplementaSur)

3.4 Potential players in the oil & gas sector and in the commodity traders
sector

We have identified two potential groups of players on the Oil &Gas sector thabaragor will
have a role in the production and/or commercialization of Hydrogen and synthetic fuels on local,
regional and global markets.

The type of activities in whidihey are active depends on their experience, expertise as well as
where they have their main operations and we can characterize them as follows:

1 Oil & Gas Majorsmain activities in lowering emissions and carbon neutral suel
development in which

V They havea diversified approach that considers lowering emissions (including carbon
capture), Hydrogen, Bio Fuels and Synthetic fuels production

V European based companies: with stronger focus in participation in the production value
chain either directly or througpartnerships supplying technology and investment

V US based companies: with stronger focus in technology development to reduce
emissions from their own operations and customers (Gas, Oil and lubricants)

1 Commodity Tradergi.e.: TrafiguraGlencore, Vitol, Gunvor, Cargill, etc.) main focus and

I LILINB F OK A& | ¢o0odzz 9 aSftfé odzarAySaa Y2RSft
V Can be adapted to synthetic fuels using similar logistics (storage, transport, trading
platform)

V Has Fexibility and regional/global presentieat wouldbe an advantage tbuy from and
supplyto different markets

V Is well known and is preseit different commodities markefghat may workto their
advantage and fuels export opportunities
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Tablel4. Few examples from European afwdherican Oil & Gas Companies (Majors)

Company

Shell

British
Petroleum

Repsol

ExxonMobil

Chevron

ogen

Production at own
refineries and sales a
service stations
Focus on  Greer
hydrogen production
jointly with renewable
energy companies
(i.e.: Orsted)

Active participation in
the European Greer
Deal with a project
that will build and
operate a 100MW
electrolysermlant
Focus to develog
breakthrough
solutions in hydrogen
large scale production

Strategic alliances
with engine
manufacturers to
develop Hydrogen ust
and storage. Alsc
active in green HZ
production projects in

the US

basec

fossil
refineries for Biofuels. J\
with ethanol producer

Very active in this area
Joint investment in Brazil

Switch

for large scale ethano
production and renewable
energy

Advanced Biofuels
production at some of
their refineries in Europe
and joint R&D with Iberiag
for testing and using bioJe

Focus on biofuels
production that do not
compete with water or
food supplies

Investments being made
to produce biofuels in
proprietary refiners and
partnerships in ethanol
production

fuels

Low Carbon Fuels (LCI
and Sustainable
Aviation Fuels

Development of joint
projects such as
& Cdzt ORdiaYvaste
G2 6Ay3I0ALY

Joint development of
synthetic fuels project
in Bilbao (Spain) by
Petronor Refinery. COI
in 2024

Technology
development for
synthetic gasolines ant
fuels to support global
customers/partner (i.e:
Porsche in Haru Oni
project)

Both synthetic Diese
and Jet (kerosene) tc
be produced at their
own refineries
(synthetic or biofuel)

Storage (CCS)
Active in CCS technoloc
development & offset
emissions
Active in CCS technolog
and developing projects ir
the UK.  Alternative
methods ofcapturing CO2
with industry
Focus shifted from CCS 1
CCUS (Carbon Captur
Storage and Use) to b
used for synthetic fuels
production

Active in CCS technolog
development & offset
emissions in their own
operations

Similar focus as Shell, E
and ExxonMobil  on
technology development
onCCS.

Sources(Shell, SHELL HYDROGEN, 2@2gll, 2021&)(Shell, 2021b)(BP, 2020) (BP, 2019) (BP, 2018) (BP,
2021); (Repsol, 2021)(Repsol, 2020)(Repsol, 2021g)(Exxonmobil, 2021) Exxonmobil, 2021g)Chevron,
2021); (Chevron, 2021a)
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3.5Analysis of existing infrastructure & logistics in Magallanes

The following analysis is focused in the area of Cabo Negro in the Magallanes region, to assess
the opportunity to utilize existing infrastructure and logistics in the area.

The «isting relatel logistic infrastructure in Magallanes is mostly owned by ENiRh was
originally built to transport liquids and gas from different fields into Gregorio refirtbgy/ city
of Punta Arenas and export facilities in Cabo Ndpai are generally operatingnd in good
conditions (Error! No se encuentra el origen de la referengia.

Figure9. Enap Logistics in Magallanes

" f Gregorio Refinery and
ENAP’s Infrastructure | Multibuoy Terminal

in Magallanes Region Atmospheric destillation

| Posesion Plant
Natural gas processing
(Turboexpander)

(il Cullen Plant
Compressor Unit and
Dew point adjustment

Cabo Negro-Laredo
e " i) Industrial Park

LPG fractioning, LPG
refrigeration Marine
Terminal and Fuels Plant,
Shipyard and Armorers

Source: Bap

Themain assets and their current utilization is described below:

1 Gas and liquid fuels pipelines from the oil and gas fields to the Refinery and gas
treatment units

1 Pipeline to Cabo Negro from Engqurrently is beingised for LP@&ansportation)

Pipeline to @bo Negro from Methane¢currentlyis being used for Methanpl

1 Twopierst® under operation currently in Cabo Negro

V Pier 1 with a bridge of 277 meters and a draft of 14 metéos type A ships of
100.063 tons and type B ships of 18.000 tons, with two glfiet loading liquefied
gas and products, whidh fully utilized by Enap (probably will be used by HIS project
in Phasel)

V Pier 2, inaugurated in 2003, with a bridge of 455 meters and a draft of 14 meters,
for type A ships of 100.063 tons and type B skip$8.000 tons, with one duct for
loading methanol; its under contract with Methanex (not fully utilized) and Enap
has primary rights for the available capacity

E ]

160 2dzNOSY [/ ot dt d!' hNRAYFNAR2 bc mMuHdcnnkpmn A&adzsSR
Maritime Terminal of Cabo Negro aesdtabishesitsof NI G Ay 3 O2yRAUGAZ2Y &E D
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Figurel0O. Gasducts, poliducts and piers in Cabo Negro

Cabo Negro Cabo Negro

ALLES Pier 2

Gasdbxt 18” (Posesion-

Gabo Ne
N,

Gasduct 12”7(Cehtro Medicion
Enap-Gasgo)

WYY 2

Source: EDBased on CNE Goortal and ENAP

Based on the current utilization of the abeugentioned assets, we believe that is necessary to
consider that this andther projects in the region will need to make new investments to
transport and export their productsHowever, there is an gportunity to look for joint
investments to reduce Capex and avoid unnecessary redundancy
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In the following chapter, the main challenges for synthetic figelsitions will be described,
considering economic barriers, resources barriers and regulation barriers. These are aspects that
must be identified before the implementation of the project, so they can be considered in the
design process of the plant.

3.6.1 Econonic Barriers

With a growing interestfor low carbon technologies, competition between the most eost
effective solution for the long term is perceivedor instance, electric motorsould have an
advantageovere-fuels for offering aolutionfor light-duty vehicles, municipal buses, and trucks
operating over short distance<lectric vehicles(EV) as can be seen ifigure 11, have
consolidated their introduction o the market, increasing theiparticipation each year.
Although the demand for vehicles continues to grow, it is projected that the percentage of
battery electric vehicles will progressively increasgturing ademand for combustion vehicles.

Figurell. Outlook for annual global passengmar and lightduty vehicle sales, to 2030.
Outlook for annual global passenger-car and light-duty vehicle sales, to 2030

W Global ICE m Global BEV ® Global PHEV EV share

4 2 000 = et e 100%

)

Another relevant fact that could cause a barrier fefuels is that, vinile battery-electric vehicles
have an overall energy efficiencglose t069%, and fuel cell vehicles an efficiency around 26
35%, efuel vehiclesave only an efficiencground 1315%(Yugo M. & Soler A., 2019)
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In theaviation setor a similar scenario is see@urrently, &craft manufacturers are investing
in the development of electric and hydrog@owered aircraffDansk Energi, 2020pr routes
between 38170 km battery aircrafthave demonstratedo be a feasible solutiann fact,it is
estimated that the first commercial electric aircrafiould be ready by 2022f¢r 9-12
passengers), and bigger electric aircraft are expected teebdyby 2030 (56100 passengers)
(NIRAS, 2020Airbus'’ is exploringhybrid-hydrogen aircraft and expects to havehe first
commercial zereemissions aircraft for 2039n addition, British Airways, Shell Venturesd

17 Airbus announceits Zeroe concept aircraft which consistdigtiid hydrogen fuel for combustion with
oxygen in modified gas turbine enginés,addition tohydrogen fuel cells to create electric powdihe
three concepimodels areTurboprop (for less than 100 passengers and 1.000 miles range) and Blended
Wing body and Turbofan (for less than 200 passengers and 2.000 miles rabgeice:
https://www.airbus.com/en/innovation/zereemission/hydrogen/zeroe
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Amazon have invested #eroAviga BritishAmerican hydrogeselectric aircraft developefGlZ,

2021a) Moreover, many companies are interested in electric aircraft ldasylket, American
aircraft (Boeing and JetBlue), and Wideroe Nonf{ldiRAS, 2020Recentlythere have been
two sustainable aviation fuel news from Kawasaki and United Airlkesasaki® announceda

hydrogenpowered aircraftsupported by NEDOGreen Innovation Fundwithin the next 10
years. AndUnited Airlines® became the first ainie in the world to usel00% sustainable
aviation fuel (SAFN a passenger flight

E-methanol, even though it competes with renewable feedstock like biomass, green hydrogen,
and renewableelectricity IRENA & Methanol Institute, 2@), it alsocompetes with some €

fuels like egasoline and -@iesel. Emethanoldensity is only about half of the volumetric energy
density of gasoline and diesel, it has a lower heating value (50% lower than diesel and gasoline),
and unlike otherdiels, methanol needs a powertragtevelopmen for most of its applications

(Yugo M. & Soler A., 2019)

As an advantage-methanol can eventually be used as fuel in the shipping sector, but this will
require the conversion oéxisting ships and port infrastructurBy the end of 201910 shps
were running on methanol and twmthers wereunder construction(Singapore Maritime
Institute, 2021) andit is estimated that it could takenore than15 years to change the global
fleet into this technology since container ships have a lifetime e8@%ears(Dansk Energi,
2020)

e-DME is a fuel considered a possible deavission replacement for diesel. Furtherrep DME
has a low heating value that is 50% less thatiesel or egasoline but it requiresadditional
infrastructure and powertrains developmefir its applicationgYugo M. & Soler A., 2019)

Finally,capital cost of prodweing PtXhigh cost of C@capture process and producinggreen
hydrogenwould represent a main barrier to compete with traditional fossil fu€lar instance,
under current conditions, costs for PtX are expected to be 3 to 5 times higher than costs for
conventional fuel(ICAO, 2019JIRENA & Methanol Institute, 2021h relation to this,it is
important to also take into account thagreen hydrogenproduction costs, which constitute
most of the production costs for PtX, agpected to fall by around 125% towards 203(Dansk
Energi, 2020)

3.6.2 Resource8arriers

PtX production process requires a series of resourseshas human capital, Cf and water
feedstockwhich coulddemeanthe design and operatioof the plant Regardindiuman capital,
Chile is a technology taker, lackinmanufacturingndustry for this kind of applicatiom For this
reason the operation andnaintenanceof these plantswill rely onthe company of origin of the
technology(Glz, 2021)Currently,817 medium and large companiesuld provide services for

18 Kawasaki’s project has three research areas: hydrogen aircraft engine combustor, liquefied hydrogen
fuel storage tanks and hydrogexircraft architecture concept.  Source:
https://global.kawasaki.com/en/corp/newsroom/news/detail/?f=20211105 3638

191n December $2021, te first United Airlines passenger flight with sustainable aviation(f&F)

carried 100 passengers fro@hicago to Washingtoithe flight was a partnership with Boeing, CFM,

Virent andWorld Energyworld’s firstcommercial biofuel producgrOne engine use8l00 gallons of

SAFRand the other engine usetladitional jet fuel Source:
https://www.united.com/es/us/newsroom/announcements/unitetb-becomefirst-in-aviationhistory-
to-fly-aircraft-full-of-passengeraising100-sustainablefuel
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Region(GIZ & HINICIO Chile, 2021)
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In relation to specialized human capiti#aling with green hydrogern Chilethere are only a

few cases oplants thatproduce green hydrogen frorelectrolysisINDURA S.A Vidrios Lirquén,
located in Bio Bio Region with a 206t ¥Qcapacity fortin bath protection in float glass
INDURA S.A Graneros located in O"Higgins Regiaih ptoduces hydrogenfor industrial
feedstock ENEL/EPS Cerro Pabellon located in Atacama Region, which uses hydrogen
production asan energy storage systemand ANGLO AMERICAWNhich produces green
hydrogen in Los Bronces from PV energy to be used by a fork lift through a hydrogen refueling
station (GIZ & Centro de Energia UC, 2020)

This evidencgan important domestic human capital gap, which h&en addressed through
the creation of academicourses and programisvolvinghydrogenproduction and usage. In
Table15 some of the current academic initiatives fdret development of human capital are
listed.

Tablel5 Career, course, or postgraduate related to green hydrogen in. Chile
Institution Career, Course or Postgraduate
Inacap Renewable energy and energy engineeti&chnician
Diploma in Green Hydrogen, Diploma in Hydrogen Technologies,
Green Hydrogen course, Green hydrogen production coarse,
Green hydrogen storage and use course

Pontifical Catholic
University of Chile

Federico Santa Maria
Technicalniversity
University of Santiago df

Diploma Applied Hydrogen Technologies

Hydrogen Economics Diploma

Chile
Bernardo O'Higgins Master in Sustainable Energy Management and Technological
University Innovation in Green Hydrogen

Souces(UBO, 2021{La Clase Ejecutiva UC, 2Q2WEM, 2021 USACH, 202QJNACAP, 2021(La Clase Ejecutiva

UC, 2021a)

On the other hand the CQ feedstock will involvea significantrole in the feasibility of the
project.In Chile54milliontons of CQare emitted from specific sources, mainly from the energy
sector. In Magallanes nevertheless, only 288ns of CQ are emitted (0.47 % of the total
amount nationwideGIZ & INODU, 202The majority of the C@missiors from industriesire
located in the soutkcentral area of the country, not corresponding with the areas with the most
significant potential for generating renewable energy in @& & INODU, 2021)

In the case of the Magallanes Regitre CQ emissions are mainlgroducedby the electricity
sector, mainly involvingedelmag(Empresa Eléctrica de Magallah@ghich emits 183 ktons of
CQ in its diesel generation unitdogcated in Tres Puentes, Porvenir, Mina Invierno, Puerto
Williams, Purd Arenas, and Puerto Natajesee next table The second most important
emissionsource in Magallanes iMethanex, which produces methanol from natural gas
emitting almost 150ktons of CQ@to the atmosphere Finally,the National Petrol Company
(ENABR, is the third most important C&eedstock in the regionyith 55 ktons of C&emissions
from its processes teefine oil and natural gaéGlZ & INODU, 202Bven though Methanex and
the electricity sectorcould be arinterestingalternative for C@feedstock it is essential to take
into considerationthe emission concentration of the sourcemdthe transportation costdor
CQ (GIZ & INODU, 2021)
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Tablel6. Possible sources for the capture oh@Missions in the Magallanes Region

Company CQ emissions ktons)
Edelmag(6 power plants) 183
Methanex 150

ENAP 55 (approx.)

Source(GIZ & INODU, 2021)

Figurel2. Location of Edelmag’s €€burcesn the Magallanes Region

Thermal Generation of Edelmag (117 MW)

SourceEdelmag

Finally, anothecrucialresource is waterwhichcouldcome from thecontinent(rivers, streams,
wells)or from the Estrecho deMagallanes marine watddesalinated water)In Magallanes, an
Atlas made byraunhofer IEEB-raunhofer IEE, 2025hows thePtXpotential inthe region and
the type of water thatis recommended to usdepending on the locan and the access to the
source (sed-igurel3).
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Figurel3. PtX potential location in Magallanes Region, its renewablegyngource, and its water sources
PtX Potential with coastal waters
B Wind-Standorte

PtX Potential with continental
waters

Bl Wind-Standorte

Source(Fraunhofer IEE, 2021)

As can be seen, in Cabo Negro the recommended water source is coastal water involving the
cost of water desalination. However, a reasonatgasideration is that water stress is low in the

region, and the use of continental water could be a good alternative in other location points
(Figurel4.).

Figureld. Water Stress in Magallanes Region
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3.6.3 RaulatoryBarriers

Hydrogen has been used for several year<hile,enablingsafety protocols for the handling

and use of this fuel, but thaare insufficient for hydrogen energy applications since the
massification othis technologywill require specific regulations not treated in the regulations of
hazardous substancg$1Z & Ministerio de Energia, 2020he National Hydrogen Srategy
declares thentention to work towards a regulation that will allow the piloting and authorization

of projects that do not have an established regulation to daénisterio de Energia, 2020n

this regard, the Ministry of Energy together with the Gern@uoperation Agency (GIZ) have
defined a regulatory plan to address the gaps in this area, which establishes goals for the short,
medium and long term(GIZ & Ministerio de Energia, 2020)

Thefirst regulatory action was the definition of hydrogen as a fuel, giving greater power to the
Ministry of Energyto develop aregulationin this matter (GIZ & Ministerio de Energia, 2020)

This was remedied through the Energy Efficiency Law, published on February 13, 2021, which
establishes hydrogems a fuel (Ministerio de Energia, 2021Currentlythere is a technical
committee formed by the Ministry of Energy, the Superintendence of Electricity and Fuels (SEC),
the National Energy Commission (CNE), the Ministry of Mining, and the National Service of
Geology and Mining (Sernageomin) in charge of draftieggeneral regulations for hydrogen
installations for production, conditioning, storage, land transparid consumption systems,
which will considerlsothe participation of the private sectqfseneradoras de Chile, 2021)

In addition, the Ministry of Energy has recently publishhew guides for special hydrogen
projects.One of these guidesvas a ctlaborationwith the Superintendence of Electricity and
Fuelg(Ministerio de Energia y SEC, 20&1d itsobjectiveisto helpthose companies interested

in implementing hydrogen projecthe other onewas a collaboratiorwith the Ministry of
Mining (SERNAGEOMIN, 202&)eated tofacilitate the proceduresfor mining companies to
develop hydrogemilot projects Both guideset out the process fameetingthe requirements

of the respective entityaccording to the area where the project will be developed (SEC or
Sernageomi)) the documents to bdelivered,and the international regulations that may apply
to the project, which must be safeguarded.

These projects, depending ondin complexity and characteristics, must be submitted to the
Environmental Impact Assessment Syst@&&IA)which may dlay orsuspendhe approval of
the project if the minimum requirements are not met. To obtainEBmvironmental Resolution
(RCAfor mid or large scale project#t could take between 1 to 3 yeafsr the approval of an
Environmental Assessme®tudyEIA(GIZ, 2020)Depending on the sizand the impact of
projects, this terms can be reduced; for instandaru Oniobtained an RCA for its pilot project
in a6 month period after the presenation of an EnvironmentaAssessment DeclaratieDIA
(Pontificia Universidad Catolica de Chile, 2021)

Finally, it should be noted that Chile currently has no standard or definition for green hydrogen
origin certificate so today it is difficult to fierentiate it from the gray hydrogen consumed by
the food industry, refineriesand glass, among others. In this sense, the Ministry of Energy is
working on the implementation of a traceability system for both emes¢through the Renova
program), and geen hydrogen, in order to differentiate this commodity and be able to access
customers and markets seeking the green attributéhis fuel. In addition, there is currently no
traceability or coordination to classify the carbon dioxide coming from an udakite source,
which would allow the synthetic fuel to be classified as a renewable fuel. In this,sanse
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certification system willikely be in line with international certifications that may be set up
before, such as the Renewable fuels of #imalogical origin (RFNBOs) under development and
promoted by the ISCESCC, 2021)he CertifHy Standard, or the taxonomy from the European
Union

3.7 Conclusion

Agrowingnumberof green hydrogen projects lkabeen announced in the past year, especially
since thassuancef the National Strategy for Green Hydrogen, reaching a total numbapod
than 60 projects Even if the core of development projects is centered in ammonia production
and industrial applidéons, 3 synthetic fuel projects kia been identified, where the Haru Oni
project, developed by High Innovative Fuels (HIF) is the most characteristic one in this area.

The liquid fuel demanis expected to grow until 2030, followed by a declinat will dependon
the O 2 dzy cadnreitoward a low carbon economyEdiesel isexpected to represent the
highest demandin the long term followed by ekerosene and @asoline.The reason is thas-
diesel has more sectosf applications(such as shipping,davyduty vehicles, and industrial
sectol), unlike gasolinéwhich only has lightluty vehicles as its maapplicationsand which will
have a direct competition with the growing market of battery electric vehiBEY) On the
other hand,for e-kerosene the aviationsectorrepresentsan important demand for this fuel
with low potential competition fronother low carbon solutiongs biofuels and electric aircraft

Regarding alliances and potential enablers for the creation of a synthetic fuel market, e
kerosene is the €uel with more enablers, or potential ofékers, taking into consideration
international initiatives and goals to reduce ££nissions in the aviation sector-NEethanol

and ediesel are the following two sectors with more initiativesléverage demand for these
fuels, motivated mainly bytheir capacity to be used inthe shipping sector. However,
implementing emethanol in the shipping sectowill require the conversionof existing
infrastructure, where it could take more than }&ars to changehe entire global float. In
contrast, ediesel, ekerosene and-@asoline will be used in traditional infrastructure, facilitating
the adoption of these fuels.

Although several initiatives for encouraging the use of synthetic fuels haveibestified, the

role of mayor Oil & Gas companies, as well as other stakeholders in the market, as for example,
Traders, will have an important role in the consolidation of the market. Domestically, ENAP and
Methanex will play a crucial role to faciliminfrastructure or create joint ventures where their
experience and participation could optimizansport and exportnfrastructure investments.

Additionally, an assessment of the main barriers that this market will face was performed. Here,
for Magallares context, Cofeedstock will require Direct Air Capture Systems (DAC) since no
important CQ emission sources were identified in the region. On the other hand, water
provision shall be assessed depending on thecation of the project, where continental or
coastal wateresourceshould be taken into account (in the case of marine watgesalination

plant must be considered)

Finally, there is still a regulatory gap to allow clear rules for the development of this market,
where the public and private s&r are working jointly to address these challenges. Still, a
priorization of these kind of projects is identifiednd the observance ofenvironmental
requirementsand appropiate approval timingsan facilitate the implementation of green
hydrogen projets in the region.
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4. Activity3: Matrix Evaluation

Activity 3 vascarried out through a matrix that includes all synthetic fuels from the different
production processes identified in Activity 1. Each of these synthetic fuedgwaluatedwith
different environmental, strategictechnicaland commercial criteria. The commercial criteria
included the results from Activity 2.

Some criterionhad a higher weight than othey and this weight ws dulyjustified. The
evaluation resuktdin scores asigned to each of these synthetic fuels, and conaliaéh the
most suitable solution for the specific cagdl ranking criteria and their associated scoeeg(
from 1 to 10 for examplejvas explained in detail by a clear definition of each criteriord an
justification of the score given. Justificatimas based otthe consultant”®xperience and sound
evidence.

Hypothegswere made regarding possible locatigof the installation consideringcomparative
criteria (proximity to a water sourcgroximity o a port, existence oindustriesthat consune

the product). At this stage, no other critengastaken into consideration for the definition of
location such as local building permits, geotechnical criteria that impact civil engineering, the
presence of mtworks that could encroach on the industrial site to be created, possible
competition with other emerging projects, or others.

From this size installation, a plan for sequential scgl&as proposed to IDB and ME

4.1 Description of evaluation matrix to cpare synth fuels

Activity 3wascarried out through a matrix thadvaluatesall synthetic fuels from the different
production pro@sses identified in Activity 1:

Methanol from CO2

Gasoline from Methanol

DME(Dimethyl Etherfrom Methanol

Kerosendrom Methanol

FT Diesel Syngas from-Electrolysis

FTDiesel Syngas from RW@&verse Water Gas Shift
Kerosenesyngas from GElectrolysis

KeroseneSyngas from RWGReverse Water Gas Shift

NGO~ WDE

The matrix is a tooksge the acel file in Annex) for comparing advantages and inconveniences
of each of the fuels based on 13 specHigxcriteria categorized in four topics or groups:
environmental, strategic, technical and commercial.

Cco2

Water o Safety Other indirect
} emissions
consumption L aspects effects
mitigation
Off takers presence Prospective
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Technological maturity Transformation efficiency Use for energy storage

Production costs Competition Market size Domestic Market size Internationally

Instructions to use the matrix

1. In the 'Criteria and weighttab, the user carcustomize weightings to match current
priorities. A neutral proposition is made weighting 25% each of the groupshéuser
can modify it.

2. Inthe "Synthetic Fuebcoring"” tabaranking of each project on a scale from 1 1@ has
been madepased on how well it meets the selection criterfes thisarethe scores at
the present momentthe usercould later modify the scoring according to evolutions of
technologies, opportunities, businessf tdkers, markets, etc. The current vision of the
matrix corresponds to the analysis madethg consultantandthe inputs fromActivities
1land 2.

3. In the "Rankingesults' tab, the evaluaion of thescores $ presentedto facilitate the
selection otthe most competitivduels to beproduced.

4.2 Definition of selected criteria and weight

The bllowing definitions were considered regarding thab-criteria for the matrix:

=

Water consumption Water consumption for th@lant in kg HO/kg fuel

CO2 eg. emissions mitigatioMvoided C&eq. per bn of product; compared to
fossil/biofuel (in tCQavoided/tfuel)

3. Safety aspectsATEX and toxicity risks

4. Other indirect effects Waste Heat, emissions at exnde.

5. Offtakers presenceNumber of identified off takers

6. Prospective Number of similar projects/activities onging wabwlide

-

8

9

N

Technological maturity Technology Readiness Level defined as TRL from 1 to 9
Transformation efficiencyPtX efficiency [%]
. Usefor energy storageEnergy density/ Hydrogen content of product

10. Production costs Capital costs for the implementation of the plant in US®Whfuel

11. Competitiort Evaluation of the gap with fossil equivalent in USD/ kgfuel; Alternative
biofuels

12. Market size DomesticPenetration forecast for synthetic fuel for 2050 in Chile

13. Market size Internationally Penetration forecast for synthetic fuel for 2050
internationally

20ATEX is translated in english@evices intended for use in explosive atmospheres, and comes from the
C NI yApdéreils destinés a étre utilisés en ATmosphéres Explésives
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For a first approach, the weighting of criteria was made considering all groups on the same level
(25% for each of the four groupsyjthout prioritizing any of the dimensions. This corresponds
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G2 GKS aySdziN}If &O0SYylNR2E D
Water . Cca Other Off Pro;p Technologic Transformat Use for Production - Market size Market size
consumptio Safety ectiv . ion energy Competition . .
eq. effects | takers al maturity - costs Domestic International
n e efficiency storage
5% 10% 5% 5% 20% 5% 15% 5% 5% 10% 5% 5%

Two specific criterion haeimportant weighs compared to the others:

A

A

Off takers Efuel projects usually need long term contracts with off takers in order to
lower the discount rate, parameter that would impact the Levelized Cost of Hydrogen
(LCOH).

Technological maturity 15% weight, as the project is to be considered in a short term
period. The TRL has to be the highest, with technologies already proven and
commercialized.

On the other handthe following criterion have 10% weight:

A

A

CQ eq. emissions mitigation the reduction of greenhouse gas is the drivier
developingsynthetic fuels projects. This parameter is key.

Production costs capital costs areoughly defined in order to compare technologies.
Activities 4 to 7 will &w more precision in the costs estimations for tleelected
synthetic fuel.

Market size (both domestic and international)Penetration forecast in Chile and
internationally is inportant to define the commercial potential of each of the fuels.

Finally, the criteria that hae been consideredvith aweight of 5% are the following:

A

Water consumption this could be &ey element to considaxrhen deciding the location
and access to wat for a project. Indeed electrolysis will need important volumes of
pure water in case of big/giga projects.

Safety safety aspects need to be included in the matrix. The accidentology of this kind
of projects is associated to ATEX and toxicity risks.

Other environmental indirect effectsas for example waste heat and emissions at end
use.

Prospective considerationss the number of similar projects or activities ongoing in
Chile and worldwide.

Transformation efficiency the power to X transformation effiency is a criteria to
compare the global energetic efficiency of different processes.

Use for energy storagethe energy density is an important factor that defines the
quantity of energy that can be stored in a certain capacity.

Competition Evaluation 6the gap with fossil equivalent is important when comparing
advantages and barriers of different synthetic fuels.
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Each of the criteria was scored in the neutral scenario matrix for all synthetic fuels considering
the analysis presented ifxctivitiesl and 2.

Technical
25%
Global hetic fuel Water CO2eq Safety  Otherindirect | Off takers T m se for Production | L Marketsize | Market size
Score Synthetic fuel consumption | PHES T aspects effects presence P maturty onefficiency  S7%) costs ompetitior domestic | intemational
We\gh[ 5% 10% 5% 5% 20% 5% 15% 5% 5% 10% 5% 5% 5%
6,7 Methanol from CO2 0,50 0,25 0,30 0,25 1,20 0,50 1,50 0,50 0,05 1,00 0,50 0,00 0,15
3,9 Gasoline from Methanol 0,05 0,25 0,30 0,25 0,60 0,05 0,75 0,05 0,40 0,50 0,25 0,15 0,25
3,1 DME from Methanol 0,15 0,50 0,05 0,50 0,00 0,00 0,75 0,05 0,25 0,50 0,25 0,00 0,10
52 Kerozene from Methanol 0,05 0,25 0,15 0,25 2,00 0,30 0,15 0,05 0,50 0,50 0,15 0,45 0,40
4,5 FT Diesel Syngas from Co-Electrolysis 0,05 0,25 0,50 0,25 1,20 0,20 0,15 0,25 0,50 0,10 0,05 0,50 0,50
45 FT-Diesel Syngas from RWGS 0,05 0,25 0,50 0,25 1,20 0,20 0,15 0,25 0,50 0,10 0,05 0,50 0,50
5,0 Kerozene Syngas from Co-Electrolysis 0,05 0,25 0,15 0,25 2,00 0,30 0,15 0,25 0,50 0,10 0,15 0,45 0,40
5,0 Kerozene Syngas from RWGS 0,05 0,25 0,15 0,25 2,00 0,30 0,15 0,25 0,50 0,10 0,15 0,45 0,40

The table below presents the scoring of each of the synthetic fuels on the neutral scenario.

6,7
52
50
50
4,5
4,5
3.9
3,1

Global Scor€

Synthetic fuel

Methanol from CQ@

Kerosene from Methanol

Kerosene Syngas from €tectrolysis
Kerosene Syngas from RWGS

FT Diesel Syngas from-Electrolysis
FTDiesel Syngas from RWGS
Gasoline from Methanol

DME from Methanol

The methanol from COhas the better global score with 6,7 followed by Kerosene from
methanol with a global score of 5,2.

Besides,dur other scenariosvere evaluated giving higherweighting to a specific group.
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Environmentalscenario
Technical
20%
Global Synthetic fuel Water e(r:nci);sieoqr;s Safety Other indirect] Off takers Prospactive Technological Transformati gin;Oy: Production Competition Market size | Market size
Score consumption mitigztion aspects effects presence maturity on efficiency storage costs domestic international
Weight 10% 20% 10% 10% 5% 5% 10% 5% 5% 5% 5% 5% 5%
6,6 Methanol from CO2 1,00 1,00 0,60 0,50 0,30 0,50 1,00 0,50 0,05 0,50 0,50 0,00 0,15
5,3 Gasoline from Methanol 0,10 2,00 0,60 0,50 0,15 0,05 0,50 0,05 0,40 0,25 0,25 0,15 0,25
4,4 DME from Methanol 0,30 1,60 0,10 1,00 0,00 0,00 0,50 0,05 0,25 0,25 0,25 0,00 0,10
5,2 Kerozene from Methanol 0,10 1,60 0,30 0,50 0,50 0,30 0,10 0,05 0,50 0,25 0,15 0,45 0,40
6,1 FT Diesel Syngas from Co-Electrolysis 0,10 2,00 1,00 0,50 0,30 0,20 0,10 0,25 0,50 0,05 0,05 0,50 0,50
6,1 FT-Diesel Syngas from RWGS 0,10 2,00 1,00 0,50 0,30 0,20 0,10 0,25 0,50 0,05 0,05 0,50 0,50
5,2 Kerozene Syngas from Co-Electrolysis 0,10 1,60 0,30 0,50 0,50 0,30 0,10 0,25 0,50 0,05 0,15 0,45 0,40
5,2 Kerozene Syngas from RWGS 0,10 1,60 0,30 0,50 0,50 0,30 0,10 0,25 0,50 0,05 0,15 0,45 0,40
Strategicscenario
Technical
15%
Global SynTheﬁc fuel Water Efﬂ?g;oqm‘s Safety Other indirect| Off takers Prospective Technological Transformati Zzzr;:: Production Competition Market size | Market size
Score consumption mitigation aspects effects presence maturity on efficiency storage costs domestic international
Weight 5% 5% 5% 5% 35% 15% 5% 5% 5% 5% 5% 1% 4%
7,1 Methanol from CO2 0,50 0,25 0,30 0,25 2,10 1,50 0,50 0,50 0,05 0,50 0,50 0,00 0,12
3,7 Gasoline from Methanol 0,05 0,50 0,30 0,25 1,05 0,15 0,25 0,05 0,40 0,25 0,25 0,03 0,20
2,2 DME from Methanol 0,15 0,40 0,05 0,50 0,00 0,00 0,25 0,05 0,25 0,25 0,25 0,00 0,08
6,7 Kerozene from Methanol 0,05 0,40 0,15 0,25 3,50 0,90 0,05 0,05 0,50 0,25 0,15 0,09 0,32
5,4 FT Diesel Syngas from Co-Electrolysis 0,05 0,50 0,50 0,25 2,10 0,60 0,05 0,25 0,50 0,05 0,05 0,10 0,40
5,4 FT-Diesel Syngas from RWGS 0,05 0,50 0,50 0,25 2,10 0,60 0,05 0,25 0,50 0,05 0,05 0,10 0,40
6,7 Kerozene Syngas from Co-Electrolysis 0,05 0,40 0,15 0,25 3,50 0,90 0,05 0,25 0,50 0,05 0,15 0,09 0,32
6,7 Kerozene Syngas from RWGS 0,05 0,40 0,15 0,25 3,50 0,90 0,05 0,25 0,50 0,05 0,15 0,09 0,32
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Technical
50%
Global svnthetic fuel Water egﬁszsieoqﬁs Safety Other indirect| Off takers Prospacti ve Technological Transformati zz‘;rﬂ" Production Competiton Market size | Market size
Score yninetic tue consumption mitigation aspects effects presence P maturity on efficiency stora?qt:s costs P domestic international
Welghl 5% 5% 5% 5% 5% 5% 30% 10% 10%0 5% 5% 5% 5%
7,4 Methanol from CO2 0,50 0,25 0,30 0,25 0,30 0,50 3,00 1,00 0,10 0,50 0,50 0,00 0,15
4,6 Gasoline from Methanol 0,05 0,50 0.30 0,25 0,15 0,05 1,50 0,10 0,80 0,25 0,25 0,15 0,25
3,8 DME from Methanol 0,15 0,40 0,05 0,50 0,00 0,00 1,50 0,10 0,50 0,25 0,25 0,00 0,10
4,3 Kerozene from Methanol 0,05 0,40 0,15 0,25 0,50 0,30 0,30 0,10 1,00 0,25 0,15 0,45 0,40
4,7 FT Diesel Syngas from Co-Electrolysis 0,05 0,50 0,50 0,25 0,30 0,20 0,30 0,50 1,00 0,05 0,05 0,50 0,50
4,7 FT-Diesel Syngas from RWGS 0,05 0,50 0.50 0,25 0,30 0,20 0.30 0,50 1,00 0,05 0,05 0,50 0,50
4,5 Kerozene Syngas from Co-Electrolysis 0,05 0,40 0,15 0,25 0,50 0,30 0,30 0,50 1,00 0,05 0,15 0,45 0,40
4,5 Kerozene Syngas from RWGS 0,05 0,40 0,15 0,25 0,50 0,30 0,30 0,50 1,00 0,05 0,15 0,45 0,40
Commercialscenario
Technical
15%
Global Svnthetic fuel Water egfi)szsieoqﬁs Safety Other indirect| Off akers Prospective Technological Transformati gizrﬂ)r Production Competition Market size | Market size
Score ynihetic tue consumption mitigation aspects effects presence P m aturity on efficiency stora?;; sts P domestic international
Weight 5% 10% 5% 5% 5% 5% 5% 5% 5% 20% 10% 10% 10%
6,7 Methanol from CO2 0,50 0,50 0,30 0,25 0,30 0,50 0,50 0,50 0,05 2,00 1,00 0,00 0,30
4,8 Gasoline from Methanol 0,05 1,00 0,30 0,25 0,15 0,05 0,25 0,05 0,40 1,00 0,50 0,30 0,50
3,8 DME from Methanol 0,15 0,80 0,05 0,50 0,00 0,00 0,25 0,05 0,25 1,00 0,50 0,00 0,20
5,7 Kerozene from Methanol 0,05 0,80 0,15 0,25 0,50 0,30 0,05 0,05 0,50 1,00 0,30 0,90 0,80
54 FT Diesel Syngas from Co-Electrolysis 0,05 1,00 0,50 0,25 0,30 0,20 0,05 0,25 0,50 0,20 0,10 1,00 1,00
54 FT-Diesel Syngas from RWGS 0,05 1,00 0,50 0,25 0,30 0,20 0,05 0,25 0,50 0,20 0,10 1,00 1,00
51 Kerozene Syngas from Co-Electrolysis 0,05 0,80 0,15 0,25 0,50 0,30 0,05 0,25 0,50 0,20 0,30 0,90 0,80
51 Kerozene Syngas from RWGS 0,05 0,80 0,15 0,25 0,50 0,30 0,05 0,25 0,50 0,20 0,30 0,90 0,80
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Conclusion
Every scenario res@t in Methanol as the prefead option withfollowing scores:

Scenarios
SF Environmental | Strategic | Technical |Commercial
Methanol from CO2 6,6 7,1 74 6,7
Gasoline from Methanol 53 3,7 4,6 4,8
DME from Methanol 4.4 2,2 3,8 3,8
Kerozene from Methanol 5,2 6,7 4,3 5,7
FT Diesel Syngas from Co-Electrolysis 6,1 5,4 4,7 5,4
FT-Diesel Syngas from RWGS 6,1 5,4 47 5,4
Kerozene Syngas from Co-Electrolysis 5,2 6,7 45 51
Kerozene Syngas from RWGS 5,2 6,7 45 51

In synthesisthe evaluation matrix presentsethanol as thefuel with the highest score and
potential to be developed for startinfpe synthetic fuel pant in the Magallanes region. The main
advantages of developing a methanol project asenmarizedelow.

Environmental:

1 Less dangerous to the environment in case of a leakage
T Lower risk of flammability compared to gasoline
Strategic
9 Existence of a gdential off taker/coinvestor partner for green methangl already
established in the regioMethanex?)
1 Opportunity to use existent infrastructure
1 Green methanol could be a clean alternative to face the risk identified by Methanex that
its gas supply fronChile and Argentina could be reduced in mid/long term
9 Other global players in the methanol industry could be interested
Technical
1 Methanol has been traded and transported as a chemical for decades
1 Technological maturity in phase with short term projects
1 Ca be handled and transported under normal temperatures and pressure
i Storage, handling and properties are known and documented
1 Can work as enabler for other synfihels (when markets and technology are more
consolidated)
Commercial
1 Green methanol is the mbsost competitive synthetic fuel compared to its grey option
T World production of 98 million tonnes per year 2019 production doubled in past
decade; market size in Europe is increasing
1 Has potential as resource for maritime energy transition

2! Methanex has a worldwide annual operating capacity of 9.150 ktonnes, of which 1.720 are located in
Chile. Its productionin Chilereached 1.050 ktonnes in 2019 and 836 in 2020, according to its Annual
Report 2020.
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4.4 Recommendatiomfor the specific technical solutiand sizingor the
process plant

The consultant recommends developing a synthetic methanol production plant of a size implying
an electrolysercapacity of abouf0 to30 MW, which is a weknownand usal initial capacity

for projects beingannouncedin Europe currentlylt is worth mentioning that a 30 MW
electrolysercapacity is still not a fully commerciabhnt sizé&?, in particular for a methanetb-X
process.

Ramping up will be determinea@mong otler aspects, orthe technical limits of théDirect Air
Capture- DAC maximuncurrently installed capacitiesind the short term projections okey
vendors We consider that the available aréar the wind farmin Magallanes Region is not a
limiting factor fa the scaling uphowever, the distances from the wind farm to the synthetic
fuel plant and the distance from the plant to the export infrastructure are crucial elements for
the technicaleconomical analys.

In the following Table a referentidhformation is presented which corresponds to first
approximations to the potential sizing of a synthetic fuel plant. The theoretical and optimistic
maximum production of enethanol are presented only as a reference, and as starting point,
and will be updeed with a more in depth analysis of the following activities of the present study.
There are usuallgeveral consecutivegphasesn a synthetic fuel projectliis happensn green

H. projectstoo). The following table shows our proposition of plan for sigaling up:

Pilot projectphase

Starting with a pilot project frorth to 5 MWelectrolyser(similar size tdHaru Onproject). The

pilot project is an initial sma$icale implementation that is used to prove the viability of the
concept, particularly wén it involves the exploration of innovative technologies. This is the case
for synthetic fuelgprojects

The pilot project enablethe organizationrequiredto manage the risk of a new project and
identify anydeficiencies before substantial resources aommitted.

At this scale, in general, the product is not competitive in an economical point of view but it is
an important phase to go through as it confirmvbether or not a process or product will work
well in a given environmeniThe goal here is t@st the project and to gather insights from the
results and the lessons learned. This improves the quality of thedale rollout.

Scalinqup phase

Salngup to a 20MW or 30 MWlectrolyseras a first phase for an industrial project.

This size otlectrolysercapacityis being planned for orgoing green hydrogen projects in
Europe so engineeringnd procurement associatembstscould be more competitive than using
other & O dz&Yi |2 Rr8lectrolysersizecapacites

22 Thelargestoperatingelectrolyserin the worldis 20 MW in total in Bécancour (Canada). The largest
operating PtL projects in Europe are shown in section 2.6 and include @bttvolyserin Carbon2Chem
project in Germany and 0,6 M\lectrolyserin MefCO2 project in Germany. Announced PtL metha
projects are bigger in size, but are under evaluation or in prefeasibility stages.
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Rampup phase

The ramp up will be determined by different aspects that are going to be treated in a qualitative
manner:

1 Technical limits of theDirect Air CapturdAC technologies (maximum currently
installed capacities)

1 Short term projections of key vendorsf electrolyses, methanol plants, desalination

units and DAC plants

Market respose of offtakers to emethanol (potentiaty of long terms contracts

Environmental limiaitions

Access toudbsidiesand presence of pargrships,nvestorsand funding

Favourable sites in Cabo Negro

Cost efficiency of scaling up @uture diversifcation of dher end producs (for example

keeping the same capacities but adding another plant to produce other products from

e-methanol like egasoline or e&kerosene)

= =4 =48 —a -9

In thefollowing Table, the theoretical and optimistic maximum productsnf e-methanol are
presented only as a refence, and as starting point, and will be updated with a more in depth
analysisduringthe followingActivities of the present study. Tése first approximationswill be
analyzed and optimised for theelectedplant size

The consultant suggests 30 MW taehkihe plant to be studied in the engineering and next
phases of the present study.

Tablel7. Referential theoretical sizing and production fanethanol plant

2 1 16 1 0,2 1

67 30 487 34 5 22
330 150 2.409 171 24 111 ]
1.000 450 7.300 514 71 333
Source: EDF

The Ministry of Energglefined Cabo Negro as the area for the location of the plant. With that
information, the consultant identified three possible precise areas, shown on the figure below
(Site 1 with 170 hectares, Site 2 with 412 hectares, Site 3 with 870 hectares).
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Source: EDF

The three areas have the advantages to be tleaexisting industrial and export infrastructures
(Methanex and Enap industrial si)eshe proximity to theocean waterandthe proximity to a
potential off takefcoinvestorpartner foran e-methanol productiorsuch asMethanex.

dte 1 wasidentified as property of ENAP, which probably imposes limitations to its uSage.

2 is close tohie ocean waters, but has multiple owners which could limit the rental agreements
After analysis and discussions withe Ministry of Ehergy and IDBit was agreed thathe
consultant wilichoose Aea 3 for the plantwhich has proximity t&N route, and pparently has

a reduced number of land owners.

Other assumptions

1 Consultant will asume thathe waterresource is seawater

I Gas grid available close to the projeminsultant will assuméhe lengthbased on GIS
information

1 No back up transmission linveill be considered

T CQ will be captured from the air (even ifhe site isclose to Methanex ENAP and
industrie9

f Hourly wind generation profiles in Cabo Negyitl be processed N2 Y a 9 Qa SELJX 2 NJ
eolico :http://eclico.minenergia.cl/exploraciofno 10 minute profilesare available in
this source)

1 Backup generation ung if neededwill bebased on natural gas

1 Aspects that will not be considered for the design: building permits, geotechnical
criteria, socioenvironmentalconflicts with other industries or infrastructureonflict d
overlapping areas with CEOPs (special oil and gas exploration and exploitation
contracts)
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Process plant equipment

The main equipmentonsidered fothe e-methanolplant inclded are the following:

Dedicated wind farm

Green hydrogen production plant

Direct Air Captur¢DAC)processplant

Methanol production plant and storage

Cooling systems

Water treatment installation (desalination, demineralization)
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5. Activity N° 4: Technaees & providers

In Activity 4, an overview of commercially available technologies and service providers that
could participate of the development of the plant was made, taking into account existing similar
projects globally. The main systems of The Plaste studied: wind farm, electrolysis plant,
Direct Air Capture (DAC) system, desalination plant and methanolation unit.

The content of this section includes:

i Considerations taken for the preliminary sizing.

1 Electrolysis technology (Alkaline, PEM, high temperature), key suppliers and projects.

1 Direct Air Capture, main considerations, technology assessment, suppliers and projects.
1 Methanol process considerations, projects and technology providers.

5.1 Overview bequipment and providers

A simplified diagram showing the main components of The Plant is shown below:

Figurel6. Simplified Diagram of The Plant showing main systems

30 MW Electrolyzer

demin water 46 kt/y footprint 4800 m2
technology alk/PEM H2 5 ktfy
| [ Metanol syntesis ]
footptint 7000 m2 Metanol 22 ki
Co2 34 kify technology TBD

Direct Air Capture
footprint <1 ha
technology TBD

footprint 487 ha

Source: EDF

H, production value shown in the diagram is a maximum flowrate, when the installation is fed
with energy 24 hours per day, at the design load fed with 46 kton/year of demineralized water.
Considering the maximum production of green hydrogen (5 kton/year) amgasonable
conversion rate BIMeOH of (94%), the maximum production ofreethanol is approximately

22 kton/year. The CQequired is approximatively 34 kton/year.

The footprint for each system has been calcula&ddtrolysis plant4.800 n¥; DAC plant5.000
m?; methanolation plant7.000 n¥), based on previous projects, to validate the preferred area
for the installation of The Plant (Area 3 located to the southwest of Cabo NegvoFigurel5).

In Activity N°1, stoichiometry ratios were taken tavgoare different synthetic fuels, the above

indicated conversion rates,fleOH and C&MeOH are based on realistic average values,
GFr1{Ay3 O2yaSNBIGAGS @l tdzSa yR F2ff246Ay 3 &dzLILIK A
will differ depending on thdéinal methanol technology licensor.
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Tablel8. Table of ratios #MeOH and C&MeOH considered

Ho 0,2
CQ 1,47
MeOH 1

Source: EDF based on technical specifications

5.2 Description otlectrolysigechnologies

General considerations

Electrolysis is the process of using electricity to split water into hydrogen and oxygen. This
electrochemical reaction takes place in a unit called an elesEohvhere electrical energy is
used for theseparationof water into hydrogen and oxygen according to the following reaction:

2Hh b SYSNHER b HI

An electrolysis cell consists of two electrodes (anode and cathode, electrical conductors)
connected to a direct current generator, and separated by an ele¢&rdlyhich allows the
transfer of ions in the reaction). Hydrogen and oxygen are produced at the electrodes. The
electrolyte may be either an acidic or basic aqueous solution, a proton exchange polymer
membrane, or a ceramic membrane conductive efdds.

Figurel7. Basic Diagram of an electrolysis cell

SourceH?2life

Electrolysers are a relatively mature technology that has been long used in industrial
processes, such as the production of chlorine in the ehlkali procesgin which hydrogen is
produced as a bproduct). However, its use for dedicated hydrogen production has not yet been
widely adopted. Current dedicated production of hydrogen from electrolysis isad(pktr year,
accounting for ~0.03% of all hydrogen puced.

Some technologies dflectrolyses have reached enough maturity to scale up manufacturing
and deployment to significantly reduce costs, which is reflected in three consecutive years of
record capacity deployment in 2018, 2019 and 2020. Despite thgadéiof the Covid9
pandemic, which has delayed a significant number of projects, close MW ®f electrolysis
became operational in 2020, bringing total installed capacity to almoshB80 Europe has 40%

ZTRL acording to IRENAAlkdine TRL ®), (PEM TRL-B, (Solid Oxide TRL65 (Anion exchange
membrane TRL-3).
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of global installed capacity and will remairetiominant region thanks to the stimulus of policy
support from numerous hydrogen strategies adopted in 2020.

Sur

Currently, there arghree main electrolger technologies on the markeALK &lkaling, PEM
(Proton Exchange Membrane) and SOEC (Solid OxideBke Cell).

Alkaline (ALK) electrolysis

Alkaline technology is the most mature andsiindustrially developed for the mass production
of hydrogen.This type of electroker usually uses a concentrated potassium hydroxide (30%
KOH) solutionThe OHion is used for the transfer of charges between electrodes where the
following reactions occurs:

Anode: 40k HO + Q+ 4€
Cathode: 4b0+ 4élh w+ 40H

To allow the separation of hydrogen and oxygen gases, the two electrodeepaeated by a
diaphragm (or membrane). The diaphragm must allow the passage of water and ions, but not
gases. Since potassium hydroxide is a strong badeorrodes many materials, the electrodes

are generally made of nickel, iron or cobalt.

Proton Exdiange Membrane (EM) electrolysis

The development of PEProton Exchange Membrane) electradysis more recent than the
alkaline electrolysis ani expanding among producersn a PEM electrodgr cell, the two
electrodes (anode and cathode) are sepgathby amembrane ofprotonic conductive polymer
film. Two microporous metal electrodes are deposited on the surface of both sides of the
membrane. All components arénmersedin demineralized waterWhen aminimum electrical
potential difference(1,48 V astandard condition¥) is applied between these two electrodes,
electrolysis occurs.

The water is oxidized at the anode according to the reaction:
HO M 2H + 1/2G+ 2¢

The protons migrate through the membrane under the effect of the electric field and are
reduced to the cathode according to the reaction:

2H + 2¢ H Hy

The membrane consists of a polym@&he electrodes are coated with catalysts made of rare
metals sub as platinum or iridium.

High temperature(SOEClectrolysis

Solid Oxide Electrolyser CEBOELtechnology, which is lesdeveloped than ALK and PEM
electrolysis aimsto reachhigh efficiencies for converting electricity into hydrogen. The principle

24 https:/lwww.sciencedirect.com/science/articl@li/S2589299119300035 (section 6.2)
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consists inperforming electrolysis aHT-high temperature (700 to 800°C), which reduces
electricity consumptionA heat supply is necessary, steam is introduced to the cathode where
hydrogen and superoxide anions &e produced O2-anions migrate throgh the electrolyte
membrane to the anode and discharge to produce oxygen. A SOEC etectioheversible and
can therefore operate in "fuel cell" mod&hus, the same system makes it possible both to
convert electricity into hydrogen but also, at othémes, to produce electricity from hydrogen.
The electrodes are composed of solid ceramic oxides. The fragility of ceramics remains a major
challenge to improve the lifespan of these cells. Other challenges include the current density
improvement and the ptimization of materials for better performances.

Due to the development of electrolysis technologies anelir costsin the midterm, for the
synthetic fuelprojectin MagallaneqThe Plant)only two technologies oélectrolyses were
considered: alkaline and PEM. At this stage of the project, it is not recommendszletcta
specific technology for The Plant as bd#ithnologiescould fit the future technical and
economical requirements?EM electrolysers have a faster dynamic resgo(well suited for
variable renewable energy and voltage regulation), but are more expensive than alkaline; hence,
the selection of the electrolyser technology at the tendering stage should consider a balance of
technical and economical aspects.

A compaative analysis was madesing publidechnical specifications of electrolyseasd EDF
Ingeum technicaéxpertise Resultsre synthetized in the table below:

Tablel9. Alkaline and PEM comparison

Electrolyte (material) KOH or NaOH Solyd polymer
Electrodes (material) Nickel / iron Platinum / iridium
Hz purity (%) 99,50% 99,95%
Plant flexibility (%) 20% to 100% 0% to 100%
Cold start (minutes) 10 to 20 mins <10 mins
Usual flow/module (Nr#ih) 0,25 to 750 0,01 to 240
Electrical power/module (kW) Up to 3.800 Up to 1.200
Pressure (bar) 1 to 30 bar 1 to 80 bar
Temperature (°C) 60°90° C 55%80° C
Efficiency transformation (%) 75% 78%
Future efficiency transformation (%) 79% 84%
Usuallifetime guarantee (hours) 70.000 to 80.000 hrs. 40.000 hrs.
Footprint (stacks only) 45 n? /MW 40 n? /MW
TRL(source IRENA) 8t09 8t09
A Mature technology
Strengths A Most competitive in ABgtter flexibility
Capex & Opex ABiggeroperational range

A Better lifetime

AMore recent technology
AHigher costs

AUse of noble metals
Source: EDF based in technical specifications of electrolysers and own expertise

A Less dynamic response

BUCEIIEEREE A KOH use (corrosive)
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Technologies are evolving rapidly, and some values of the indicated parameters can change in
the near future. The fingdarametervaluesmustbe confirmedand contrastedvith the selected
technology supplier in the date when thetendering stagewill be dae. Thetable gives
referential values for the present technologies in 2021

Considering maintenance, vendors recommend that the operators perform the following tests
and procedures, which are common to both technologies:

1

Tests of the equipment on a weeldpd monthly basis. As a guide, the inspection generally
consists of: visual inspection of mechanical, electrical, I&C, safety and piping equipment to
identify any evidence of leakage of process medium or utilities, corrosion that would
indicate leakage, nexpected noise emission, overheating of electrical equipment and
motors, defects and malfunctions, mechanical damage, unexpected vibrations, unexpected
process data (temperature, pressure, pressure drop, analyzer data, etc.)

Tests of the electrolysers anweekly basis, such as: visual inspection of the electrolyser
stacks and skid to identify any evidence of water leakage from the in@tard outlet @
manifolds above the stacks, corrosion or staining on the exterior of the stacks that would
indicate lekage, hydraulic oil leakage from the compression system under the stacks,
overheating of electrical connection boxes or busbars, integrity of peripheral components.
The major maintenance operation in terms of cost and time is the preventive stack
replacenent that should be done at every 70.000 to 80.000 hours for alkaline electrolysers
and every 40.000 hours for PEM electrolysers (these are indicative values; each vendor will
guaranty a specific value). This operation is performed by the vendor in accerdath a
service contract that generally includes an annual maintenance inspection.

Electrolyser manufacturers

Key players irthe hydrogen electrolger market are shown in the figurand table below,
specifyinghe origin of the vendoandthe technologydeveloped.

Figurel8. Main electrolger manufactures worldwide

nel*
Y 3(E S Yydrogen pro
I\
(J g%:‘::erill
AsahiKASEI
PLUG o) ITMPOW -
2 POWER \ ../H SIEMENS _/
@ sunfice  en .\_ Hora
McPhy Mydrogen is now.
HTEC -
AREZ?@- —_\ &E Enapter @ %

SourceEDF based on electrolyser vendors

67



; O
& SEeDF A

Sur

Table20. Main electrolyser manufacturers

Siemens PEM Germany 1847 Electrolysers

NEL ALK/PEM Norway 1927 Electrolysers, HRS, storage
Asahi Kasei ALK/CAEL Japan 1931 Electrolysers

Hydrogenics ALK/PEM Canada 1995 Electrolysers, HRS, FC
HTEC Systems PEM Germany 1997 Electrolysers, stacks

Plug Power PEM USA 1997 Electrolysers, FC

ITM Power PEM UK 2001 Electrolysers, HRS

Green Hydrogen = ALK/PEM Denmark 2007 Electrolysers

Systems

McPhy ALK/PEM France 2008 Electrolysers, HRS, storage
Sunfire SOEC Germany 2010 Electrolysers, FC

Hydrogen Pro ALK Norway 2013 Electrolysers

TKUCE (Thyssen| ALK/CAEL Germany 2015 Electrolysers

Note: ALK (Alkaline), PEM (Proton Exchange Membrane), SOEC (Solid Oxide), CAEAIKGlma)ne RS
(HydrogerRefueling Stations), FC (Fuel Cells). Source: EDF based on electrolyser vendor’s technical specifications and
web pages

Other player® than are becoming active in the electrolyser market are the followirgas
Energy GmbH (PEM, UK); NElyidrogen (ALK, Canada), Beijing CEIl Technology (PEM, China),
Tianjin Mainland Hydrogen Equipment (ALK, China)

Global installed electrolyseand manufacturerssapacity

According to BNEF, electrolyser manufacturers shipped over 200 MW in 202D alie that
number in 2021. For 2022, estimation suggest that we could see shipments of nearly 2 GW, with
China playing a big role in the demafid.

From the offer side, it is expected that in 2024 production capacity of electrolyser will rise to 16
GW, dueto the several factories with gigawatt production (gigafactories) announced in
manufacturers investment plarfs.

IEA®reports thatcurrent global installed electrolyser capacity is about 0,3 GW and the projected
capacity will reach 17 GW in 2026 (of wh&GW will require additional renewable capacity and

25 hitps://nelhydrogen.com/https://www.asahikasei.co.jp/sakelectrolysis/en/index.htm|
https://www.h-tec.com/; https://www.plugpower.com/, https://itm -power.com/
https://greenhydrogensystems.com/ttps://mcphy.com/en/; https://www.sunfire.de/en/hydrogen
https://hydrogenpro.com/; https://www.thyssenkruppuhde-chlorineengineers.com/en
https://www.siemensenergy.com/global/en/offerings/renewabtenergy/hydrogersolutions.html

26 hitps://igas-energy.de/; https://nexthydrogen.com/; https://beijingcei.en.ec21.com/
http://www.cnthe.com/en/index.html

2"BNEF (Bloomberg), 22021 Hydrogen Market Outlook

28]RENA 2022, Geopolitics of the Energy Transformatibime Hydrogen Factor
https://www.irena.org/publications/2022/Jan/Geopolitiesf-the-EnergyTransformatiorHydrogen
2|EA, Global installed electrolyser capacity in 2020 and projects planned for commissioning02621
IEA, Parisittps://www.iea.org/data-and-statistics/charts/globainstalledelectrolysercapacityin-2020
and-projectsplannedfor-commissionine2021-2026
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8,7 GW will use existing renewable plants). This number is based on project announcements and
announced commissioning deadlines.

Also, &cording to IRENA, in October 2021 the pipeline of announcedr@leer projects
reached over 260 GW globally (it is important to precise that some of these projects are only in
the conceptual stage).

Some of electrolyser vendors that have made public announcements regarding their electrolyser
production capacity are:

1 NEL: 50 MW of PEM electrolyser in the United States and 500 MW of alkaline electrolyser
in Norway per year, which can be expanded up to 2%&GW.

1 Plug Power: the company opened an electrolyser and fuel cell gigafactory in New York, with
the capacity to prodce 500 MW of electrolysers per year and is working into having 3 GW
installed by 2025t

1 ITM: In 2024 will increase the manufacturing capacity from current 1 GW up to 5 GW per
year in the United Kingdor.

T  McPhy: expected to build a gigafactory in eadteance to produce 1 GW of electrolyser
per year®

T  ThyssenKrupp: can deliver 1 GW of electrolysis cells per year and is looking forward to
expanding it up to 5 GW in 2025.

Hydrogen projects worldwide

Most manufacturers are actively involved in worldwidkjects. Globally, iNovember2021,

the Hydrogen Council reported 522 hydrogen projects to be commissioned by 2030 which add
up to USD 160 billion of investmefiRENA, 2022Y he figuredoes not include more than 1 000
smal-scale projects and project proposal3f these,43 are gigascale production projects in
Europe, Australia, the Middle Ea&tSAand Chile.

The following ijure shovs the location of tlese projects indicated by region and by type of
project @iga scale production, large scale industrial usage, transport, integrated hydrogen
economy and infrastructure projects).

30 hitps://nelhydrogen.com/wpcontent/uploads/2021/10/Nel_ASA Q3 2021 Report.pdf
Shttps://www.ir.plugpower.com/PressReleases/PresReleaseDetails/2021/PluePowerAcquires
FramesGroupto-BoostEngineeringProcessand-SystemsdntegrationCapabilities/default.aspx

32 hitps://itm -power.com/aboutus

33 https://mcphy.com/en/pressreleases/mcphygigafactory/

34 https://www.thyssenkruppindustriatsolutions.com/en/media/presseleases/pressletail/expansion
to-5-gigawattsof-annuatproductioncapacity-thyssenkrupprepresentedin-all-three-bmbf-hydrogen
lead-projects121721
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Figurel9. Announced hydrogen projects per region and type

® 221 arge-scale @ 133 transport

industrial usage

74 integrated @ S1 infrastructure ‘ 43 giga-scale

H,economy projects

production
Refinery, ammonia, Trains, shaps, trucks, Cross-industry and H; distribubion, Renewable H; projects
methanol, steel and cars and other hydraogen  projects with different transportation, conversan >1 GW and low-carbon
industry feedstock mobility applications types of end uses

and storage

Hz projects > 200 ktpa
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5.3 Description of carbon capture technologies
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GeneralConsiderations

Direct Air Capture (DAC) has been increasingly discussed as a climate change mitigation option.
Despite technical advances in the past d#sathere are still misconceptions about DAC's
current and longerm costs as well as energy, water demands and area. This could undermine
DAC's anticipated role in a neutral or negative greenhouse gas emission energy system, and
influence policy makers.

DAC technologies are categorized as absorption and adsorption systems. The first absorption
based technique has been developed mainly since 20@ablyon Engineeringin Canada. The

first results obtained in 2015 at the pilot scale (capture of 0.6 tCOPRL %) in Squamish at
southwestern Canada have led Carbon Engineering to publish the technical and economic
results of an industrial facility capturing 1 MtCO2/year in air with costs per ton of CO2 avoided
ranging from $94 to $232/tCO2 depending onjprt assumptions. Today, Carbon Engineering

is receiving tens of millions of dollars in funding from the Government of Canada, Chevron
Corporation, BHP, Occidental Petroleum (Oxy) and Bill Gates. The U.S. Company Oxy has
selected Carbon Engineering to lbudnd operate a first demonstrator in Texas in 2023 to use
CO2 in Enhanced Oil Recovery operations. Carbon Engineering is building a larger, fully
integrated innovation center on Squamish site, which will capture 5 tons of CO2 per day
(approximately 1000/year). Construction is almost complete, with stagp scheduled for the

third quarter of 2021.

The second technique based on adsorption is notably develope@linyeworks® based in
Zurich, Switzerland, whose activities started in 2009. A first indUstiadization was carried out

in 2017 in Hinwil, Switzerland, with 18 CO2 capture modules (900 tCO2/year) operating thanks
to a thermal energy input from a waste incinerator and where the captured CO2 is valorized for
the cultivation of vegetables underaegnhouse. Climeworks has developed a modular capture
technology with a modest capacity ranging from one unit (50 tCO2/year) to a set of 36 modules
(1,800 tCO2/year) transportable in a standard container. During 2020, Climeworks announced
that it had raised$110 million from private investors to accelerate the industrialization of its
technology.

The last main technology that can be cited is also based on adsorption and is developed by

Global ThermostaY. This company was formed in 2006 to develop and cengialize a unique

technology for the direct capture of CO2 from the atmosphere and other sources. The GT

LINE OSESYERR(Sa¢ OFNb2y OFLIWGdINE gA0GK 20KSNJ Ay
production by using the process heat from those processes to dtsvearbon capture

technology. By combining CO2 capture from air along with capture from flue gas of an electrical

LJ2 ¢ S NJ LJt-cosy pra@ess heak té provide the energy needed for the air capture process.

Global Thermostat technology can work with esvable power plants because it captures

OFNb2y RANBOGEE® FNBY FANI dzaAy3a (GKS LI I yiQa LINE(

A comparative analysis was made based on public technical specifications data of vendors and
EDF Ingeum technical expertise. Results are synthetized inltbeiftg table:

35 hitps://carbonengineering.com/
36 hitps://climeworks.com/
37 https://globalthermostat.com/
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Table21. Direct Air Capture (DAC) technologies comparison

ole} Concentration
Adsorbent/ ) Amine on monolithic  Amine in cellulose KOH
Absorbent structure filter
Operating conditions - Ambient Ambient Ambient
Desorption °K 358368 353393 1173
temperature
Full cycle hours <0,5 4--6 -
Electricity demand kWh/tCO2 150260 200-300 134
Heat demand kWhth/tCO2 11701410 15002000 1472
Outlet pressure Mpa 0,1 0,02 0,1
Water vapor from waste
Energy vector - heat, heat pump or oxy  Residual heat Natural gas
combustion boiler
CO2 output purity % >08,5 >09,9 >97
TRL 1--9 9 9 7--8
Footprint m? 336 4.323 3.105
Start-up time hours 0,5 4--6 Possibly higher
LCOC $/tCO2 113 600-856 94-232
Pilot capturing 0.6 tCH,
1* Pilot in 2010,USA T;L %92015 A
900 tCQly in :
Switzerland, 2017 Demonstrator of 5
. Plant of 4 Ift C@year, tcQyday (1
Projects 2018, in USA

ktCO2/year).2021
1MtCO2/year plant projec
HIF Plant of 4 kt CQlyear plant in in the USA is being
250 kg Cghr in Chile Iceland, 2021 developed by
1PointFive.2023
{ 2dz2NDOSY 95C 0l &SR teéhyicalGpedfiSaion® gomiaiyEvéhpadEsidmihi, 2019)

Technology

In general, one can consider that adsorption systems are favorable due to lower heat supply
costs and the possibility of using waste heat from otbystems. After discussions between the
consultant and IDB and Ministry of Energy, and taking in consideration the comparison of the
features of three most advanced technologies shown in the previous table, the technology that
was chosen for The Plant in Bllanes is the technology from Global Thermostat. These
technologies were reviewed and considered in the study by a literature réawd techne
economic analysis undertaken for past projects by EDF Ingeum.

% Some of the sources reviewed gifasihi, 2019)YBreyer, Fasihi & Aghahosseini, 2019), (Keith, Holmes
& Heidel, 2018), (International Conference on Negative CO2 Emissions, May 2018:
http://www.entek.chalmers.se/lyntelt/NegCO2Conf/LinksYOUTUBEandPD¥,.pdfVideo of DAC
presentation by Jen Wilcox 2018, Colorado School of Mhitgss://youtu.be/0XknicLOa5%)
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Global Thermostat has a multifunctional techogy capable of capturing GGrom both
atmospheric and point source emissions. Its adsorbent is composed of amines bonded to a
monolithic surface; reducing the complete system cycle time to 16 minutes (regeneration occurs
in less than 100 seconds at temperatures of 3588 K). To éhieve such a fast process,
saturated steam at suhtmospheric pressure is used as the direct heat transfer fluid and as the
sweep gas. Fifty percent of the regeneration heat is recovered.

The CQcapture process is carried out in four steps: air intakeban capture, regeneration and
heat transfer. The detail of the process is presented in following figure:

Figure20. Carbon dioxide capture process used by Global Thermostat.

CORE SOLUTION — e oo

Further energy savings possible

capacity contactor panels, as they via patented regenerative heat
are developed Integration

HOW IT WORKS

Our patented technology is
uniquely capable of delivering
low cost CO2 Direct Air Capture

-
.

€02 is extracted directly 2 The rvxcnerale:i
- contactor pane!

from the atmosphere by
. o e

reenters airflow to

first processing air through GT's high surface area, low Steam directly injected onto capture more CO2
our monolith contactor via the monolith contactor 2 i -
pressure drop honeycomb restarting the cycle

monolith contactor releases the bound CO2,
selectively traps CO2 with a concentrating It for
proprietary sorbent material collection, use, or storage

standard industrial fans

Source: Global Thermostat

1 Inthe first two blocks,iainput and carbon capture (step 1 and 2 in the previous figure),
the CQ-laden air is directed through the cells of the adsorbent structure, whose design
seeks to maximize the contact surface and minimize the pressure drop. It should be
noted that, insted of the fan considered in the original design, natural wind currents
can be used if there are strong winds to drive the air through the substrate. This CO
then retained until the adsorbent structure reaches a saturation level specified, or the
CO2 leel at the outlet of the adsorbent structure reaches a value specified by design,
which denotes that the adsorbent is sufficiently saturated with.G&hen it is desired
to collect C@from the adsorbent structure (and regenerate the adsorbent structure),
the adsorbent structure is removed from the carbon dioxiagen air stream and
isolated from the air stream and other air intake sources.

1 In the carbon capture block (step 3 in the previous figure), steam at 368 K is passed
through the adsorbenstructure, which will initially condense and transfer its latent
heat of condensation to the adsorbent structure. The adsorbent structure will reach
saturation temperature and the vapor will pass through the adsorbent structure without
condensing. As theondensate and then steam pass through and heat the adsorbent
structure, the C@ that was captured is released from the adsorbent structure,
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producing more condensed water by providing the heat of reaction necessary to release
the CQ and be pushed out ofhie system by steam or extracted by a fan/pump. The
complete cycle takes 16 minutes.

1 The last step of the cycle (step 4 in the previous figure) takes place once tH®w€0O
been removed from the adsorbent structure and the neighboring module has
completed he adsorption process, entering the regeneration stage. That module is
evacuated from the air flow and connected to the hot module from which thel2®
just been removed (step 4). The evaporated water from the hot module condenses on
the cold monoliths bthe module to be regenerated, heating them. This step provides
50% of the heat from the cold monoliths. Subsequently, the system is lifted back into
the airstream. The air will cool the adsorbent structure and remove any remaining
moisture.

Sur

Main manufadurers

Basic air capture models consist of contacting area, solvent or sorbent and regeneration module.
Contacting area exposes the sorbent to ambient air and facilitates airflow through the model,
increasing the absorption or adsorption of g@olecules.Solvent or sorbent must be easy to
handle, resistant to contamination and should not vanish during the process, as its properties
determine the whole process. The main DAC technologies and vendors are described below:

Figure21l. @mpanies active in the field of €DAC.

e A r
High Temperature Low Temperature solid Low Temperature solid
aqueous solution sorbent (TSA) sorbent (MSA)
Gy |t |- R Moo | C @
s, || L it || C2o e
s ™y 'd ' ~ ' N
‘ Carbon Engineering Hydrocell Climeworks Global Thermostat Infinitree ‘ ‘ Skytree
(Canada, 2009) | (Finland, 1993) (Switzerland, 2009) || (USA, 2010) (USA, 2014) L (Netherlands, 2014) )
. AN S . _
| 900c | [ 70-80°C J 100°C J 85-95 °C moisturising [ molsturising |
L \ ) \ ) |_at80-90°C )
J \

Note: Temperatures refer to regeneration temperatuiesch firm hasauntry of origin & incorporation date. TSA:
Temperature swing adsorption. MSA: Moisture swing adsorp&aurce: EDF based @rasihi, 2019)

The principal DAC compantésind their date of incorporation are the followingtydrocell
(Finland, 1993), Climeworks (Switzerland, 2009), Carbon Engineering (Canada, 2009), Global
Thermosgat (USA, 2010), Antecy (Netherlands, bought by Climeworks in 2019jtrémafilUSA,

2014) and Skytree (Netherlands, 2014).

3L 2dzNOSY 95C 61 aSR 2y LINE @A RayReD page3OKy A OF £ A LISOA FA OI
https://hydrocell.fi/; https://climeworks.com/ https://carbonengineering.com/
https://globalthermostat.com/; http://www.infinitreellc.com/ ; https://skytree.eu/
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Global Thermostat has been operating pilot plants for carbon dioxide capture since 2010. As of
2018, the company has ammercial facility in Alabama, USA, which is able to capture 4 ktons
of CQ per year.

Figure22. Global Thermostat's commercial &@pture plant in Alabama, USA.

Source: Global Thermostat

In Chile, in the Magallanaggion, the "Decarbonization and Carbon Neutral Fuel Production
Pilot" also known as Haru Oni project is being developed by the company HIF, which will use
Global Thermostat technology. The project's Environmental Assessment Declaratiofi (DIA)
highlightsthe structure of porous ceramic monoliths with an amine base that "act as a carbon
sponge that will allow the adsorption of carbon dioxide from the air at a rate of 150 kg/h, with

a maximum flow rate of 250 kg/h."

40 ThecompanyHIF SpA presented in Novembefl& 2020 a Environmental Assessment Declaration

(DIA) which was approveih May 14" of 2021 6& wSaz2f dzOAsy 9ESyll bc npy
' YOASYGEEYSYydsS St LINpeSOiG2 LAf2G2 RS RSaAO0OFND2YyAT | OA:
https://seia.sea.gob.cl/expediente/ficha/fichaPrincipal.php?modo=normal&id_expediente=2149071179
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5.4 Description of methanol technologies

General considerations

According to the Methanol Institute, worldwide annual production of methanol nearly doubled
over the past decade to reach 1@illion tons in 2021. Methanol demand is expected to reach
120 million tons by 2025 and 500 million tons2050 in IRENA"s Transforming Energy Scenario.
The following figure shows the evolution of the global methanol demand in the last six years.
Nearly all of methanolis produced from fossil fls by aconventional industrial procedhat
produces he syngagcomposed of b} CO and Cpobtainedfrom natural gas steam reforming

or by coal gasificatigrwhichis transported to a reactor to convert it into methanol.

Figure23. Global Methanol Demand

Global Methanol Demand (million tons)
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SourceThe Methanol Institute ash MMSA

The main reactions involved in the process for producing methanol from syngas are:
CO +2bit  /3DH (1)
CO+bh T 24he(2)
CO+3HT [/3DH+HO (3)
In addition to reactions (1), (2) and (3), other two reactions may occur (Eliasson et al., 1998):
CQO+4RT1 [ 4+ 2HO (4)
CO +3kT  / 4l+ HO (5)
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Reactions (4) and (5) indicate that methane formation is the main obstacle limiting the
production methanol. In other words, methanation is the main competitive reaction for
methanol formation. Typical additional byproducts include DME, higher alcohols, oxygenates,
acids and aldehydes.

Sur

Green methanol or enethanol is obtained by using €@aptured from renewble sources
(bioenergy with carbon capture and storage [BECCS] or direct air capture [DAC]) and green
hydrogen. Less than 0.2 million ton of renewable methanol is produced annually, mostly as bio
methanol. The methanol produced by either route is chenyddentical to methanol produced

from fossil fuel sources.

In this prefeasibility studydifferent processes to produce methanelere evaluated and a
systematic desigwas made for the mosimportant components. One approach is to produce

both componentsof syngas, CO and;Hhrough ceelectrolysis of CO+ HO, followedby
conversion of the syngas toreethanol as practiced for conventional methanol production.
While this route could achieve a higher conversion efficiency, it is less developed than water
electrolysis (kilowatt scalelirect electrochemical conversion of £4hd water to methanol is

also being studied, but so far only limited efficiency and yield have been achieved at a laboratory
scale (Goeppert et al., 2014; Olah et al., 2018).

Thestudy focuses on the reaction of captured €fom DAC with Hfrom water electrolysis
to produce emethanol by catalytic synthesias the more mature and reliable technologies

Figure24. Simplified PFD ofraethanol production

Source: Ellis et al 2019

Theoverallreactionthat occurs on the methanolation react@ the hydrogenation of Clnto
methanol.

—_—
CO,+3H, «<— CH;0OH+H.0

E-methanol

The conversion of G@o methanol is thermodynamically low: at about 80 bar and 260°C, the
maximum conversion of G@achal is20- 45%for a single pass'echnologies allow to increase
the conversion ratidy recycling loops or integrating more reactors in senewill depend on

the specific technology licensor for the project

77



: 0
& SEeDF

Sur

The consultantonsidered a processonversion rate of 94% for the methanolation process of
The Plantbased orits experience and Hnouse expertise

Technology

The technology for the-methanol synthesis step is very similar to the one to produce methanol
from fossil fuelbased syngas ad is therefore mature (TRL-%, but the operation in a
transitional regime (associated with a fluctuating energy feed) remains a challehge. T
methanol production from direct GQusing pure sources of ¢énd H) has several advantages
over the conventional processit results in significantly less byproduatsiginated of side
reactions (Cland others)and requires less energy in product purificatidgtiowever the
process of methanol production via €@ydrogenation consumes more utilitiegnanly
electricity per ton of methanol production due to compressit@gn the conventional methanol
production

The Flowsheet is composed of a compression section, a loop of reaction, and a purification
section.

Figure25. Indicatie flowsheet of the enethanol production

Recycl e
ey — _ﬂe— : = 2] Loop of reaction

stream

]
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Compressors ) ; i : (flash n°1)
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Heat = & -
exchangers - Low
pressure

- - . Separation
3) Purification section . F N 7 — vessel 2
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T Distillation

distillation - -
Column

Column

Source: Ellis et al 2019

Compression sectiorin the first section, the two gases are compressed to reactor pressure
(approximately80 bar), and then heated to §2°C approx.) before entering the reactor. This is

a major differencen comparisorwith the classic process that uses syngas and one compressor
only. There are two train of compression of feed streaor® forcarbon dioxide and another

for hydrogen Thisis necessary because the compression of the mixture $ée@ms (with C®

and H) forms condensates. These are not desired because the reaction occurs in the gas phase

Depending on the purity of the reactants and the type of catalyzer it could be neyessa
purifications system before entering the reactor.

Loop of reactionthe heated compressed and heated Make Up Gases (MUG) are then sent to
the reactor. the reactor partially converts the &0 methanol via an exothermic reactiotie
cooling system deends on the type of reactor used. The unreacted @@ H then are
recirculated and mixed to the MUG to produce more methanol product. As anticipated a second
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reactor can be used in series, this choice depends on economic estimaBartsof the
unreaded gas isemoved to avoidinertsaccumulation in the reactor

Sur

The pressure of gas phase leaving the reaatereduced to recover methanol as liquid phase.
All liquid methanol productare sent to the first distillation column

Purificationsection:In order to reach IMPC@nternational Methanol Producers &nsumers
Associatioh quality product(99,85% quality selected for this projecthe crude methanol is
separated from the water and subproducts of the methanolisation through a ditillaystem
and directed to methanol storage tan®ne or two distillation columnwill separate methanol,
from water, lightgases and other componentghe light components (CO, g@nd H) leaved
at the top of the columnthe mixture of methanol and wat leaved the column at the bottom
and entered the second distillation column, where the methanol product with pretyiredis
obtained at the top of the column.

Projects

The projects described in this sectiare a selection of the eleven projects theere detailed in
Activity N°1 Chapter 2.8- Selected European Powg-liquid European projectand Chapter
2.9- Selected Poweto-liquid projectsin rest of the world.

Table22. PtL projects for Methanol

Project Country Commission Details ‘
CRI (Carbon Iceland 2012/2022 | Direct Methanol synthesis; G&om geothermal
International source; 6 MW ALK ktly

Recycling)

Carbon2Chem | Germany 2018 Demo site for various products (Methanol, yH

steetoffgas;2MW [ YT Bmnn aah?2
ah2 FTdzyRAYy3IOT ™M o0€ T2

MefCO2 Germany 2019 Direct Methanol synthesis; G&om coal power
plant; 0,6 MW PEM350t/yT MM aA 2 €

North-G Belgium/ 2024/2028/ | Direct Methanokynthesis; C&from industry;

Methanol Netherlands 2030 AEL & PEM; 2024: 65 MW kt/lyT mMnn a
2028: 300 MW (Methanol & Ammonia); 2030:
600 MW

Liquid Wind Sweden 2024 CQ from Biomass; PENSQ kt/y; eMethanol
process from Haldor Topsoe

Djewels Netherlands 2025 CQ from industry;30 kt/y; 20 MW ALK
electrolysis

HyNoVi France 2025 CQ from cement industry; AERQ7 ktly; 330
MW electrolysis

Copenhague Denmark 2027 n.a.,80 kt/y

Methanol

Bell Bay Australia 2024 RE from hydro and wind; DAC; developed by A

(Tasmania) Energy and Thyssen; 100 MW electrolys

methanol for export & DME plant for loc:

www.carbonrecycling.jgmww.thyssenkrupp.com/en/newsroom/conteatage 162.htmt
http://www.mefco2.eu/ ; www.northccuhub.ey www.liguidwind.se www.djewels.eu www.vicat.com
www.abelenergy.com.athttp://www.renewableh2canada.ca/
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industry; 2024:74 kt/y; 2030: 1 million tonsly;
financial support from Tasmanian Government

RH2C CanadgBritish nd 120 kton/y; developed by Renewable Hydrogen
Columbia) Canada
Liquid Sunshine China (Lanzhou) 2020 1 ktonly, developed by Dalian Institute of

Chemical Physics, outlook 16 kton/y

Source: EDF based on The Methanol Institte@aand developers

The firstcontemporary commercial G@o-methanol recycling plantthat uses available local
energy from a cheap geothermaplant, has been operated in Iceland I§arbon Recycling
International (CRI) since 2@1 This commercial demonstration plafteorge Olah Remable
Methanol plan), with a design from Johnson Matthey/Jacobs and an annual capaeititoh

of methanol (~12 t/d), is based on the conversion of geothermald®@ the readily available
local geothermal energy (hot water and steam) sources. The Banesl is produced by MW
alkalineelectrolysrs.Iceland embarked on this development as a means to exploit and possibly
export its cheap and clean electrical energy. The produced metliealtddVulcano), isa clean
burning, high octane fuel, that nébe used directly as a vehicle ftfar blendedwith gasoline

It can also be used as feedstdok biodiesel productioror for wastewater denitrification.CRI
supplies Vulcanol to companies in Iceland, Sweden, the Netherlands, UK and China.
Figure26.¢ KS &4 DS2NHS

hirtod Swy getot S ymée 2F / wL Ay LOSE

SourceCRI

In China, the Dalian Institute of Chemical Physcently started operationin November of
2020, at a 1kton/year e-methanol demonstration plant (theLiquid Sunshine projeét in
Lanzhou, Gansu Province, Northwestern Chilathis plant, the alkaline electrolysers for the
production of the necessarftydrogen (1000 normal cubic rmegs per hour of B) use the
electricity produced by a 10 MW solar PV plahhe methanol is supplied to the chemical

42 Chinese company Geely and CRI conducted an 18 month pilot project with Geely’s 100% methanol
powered taxis that were driven over 150.000 kilometers.
43 http://english.dicp.cas.cn/ns_17179/ue/202011/t20201104 248632.html
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industry or can be converted back into hydrogen for energy tige project is the first to
demonstrate theproductionof methanol from solar power on an industrial scaled plans to
expand its production gradually to 10 and afterwards to 100 ktonslyear

Sur

Figure27. emethanolLiquid Sunshinplant in Lanzhou, China

Source: Irena

Other emethanol commercial plants are being plannatbund the world with production
capacities rangingrom 8 kton/year to 180 kton/year of enethanol. If all the commercial
projects come to fruitionjn excess of 70&ton/y of e-methanol capacity woulde available.
Plants from Liquid Wind in SwedeABEL in Australia, Swiss Liquid Future/ThyssenKirupp
Norway, and RH2C in Canada will all use renewdded CQfrom either industrial or biogenic
sources

Other consortia ar@lanning the constructionfaee-methanol plants in thgorts of Antwerp and
Ghent in Belgium, as well as in tNetherlands In Denmark, a sustainable fuel project aims to
achieveelectrolyser capacity of 10 MW in 2023, 250 MW in 202dd 1.3 GW in 2030
respectively. The green hydyen generated will be combined with G@aptured from the
combustion ofMunicipal Solid WasteMSW) or biomass to produce renewablaethanol for
maritime vessels and renewable jet fuel flanes (ekerosene) (Maersk, 2020).

Technology providers

Besides the companies cited in the referenced projeatsinareasing number of technology
providers arealso developing and licensing-methanol solutions, includingntire plants, e
methanol synthesis units, catalysts dadger electrolysers able to pvade sufficient hydrogen.
They include among others CRI, Thyssenkrupp/Shitgsid Future, bse engineering/BASF
(FlexMethanol)Haldor TopsoegMethanol), and Johnson Matthey.

Numerous institutions, companies, universitiasd collaborative efforts are s developing
CO2 to-methanol technologies and testing them ofemonstration and pilot plantsFor

instance, a part of the Carbon2Chem project, a crassustrialnetwork funded by Germany,
production of methanolfrom steel mill gases complemented Hbydrogen from water

electrolysis will be studied at a Thyssenkrupp stedll (Carbon2Chem, 2020).

In Japan, Mitsui Chemicatgperated for 4 500 hours a pilot plant with a 100 ttyethanol
capacity, using G@nd H with a catalystdeveloped by RITE (MitsBhemicals, 2009, 2010).
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Zero Emission Fuels, a company in tetherlands, is aiming to develop fully automated
modular micreplants to produce methanol from G©@aptured from the air and renewable;H
produced fromsolar power (ZEF, 2020).

The traditional catalysts such a£uO/ZnO/Al0s, can be modified to accommodate the
generation of larger amounts of water during synthesis-afethanol. Such catalysts are already
available commercially from a humber of vendors including Haldor Topsoe, Johnson Matthey
and Clariant.

The main key playetsin the emethanol plants industry are listed below:

e, Awme OCI Y€

TotaiErergies

cLariant™ @ airLiquide

i Plant integrators Bse engineering, Mitsubishi Hitachi Power systems, Carbon recycling
international.

9 Operators CarborRecyclinginternational, BioMCN, Bsngineering, Total

9 Catalyst manufacturersHaldor Topsoe, Johnson Matthey, Clariant, Air Liquide, Bse
engineering, BASF, Swiss Liquid Future AG, Carbon recycling international, Mitsubishi
Hitachi Power systems

5.5Conclusions

The key findings of thishapter can be summarized as follows:

1 The electrolysis technologies considered for the methanol plant are alkaline and PEM, both
TRL & according to IRENA and compliant with the technical economic requirements. A list
of 15 vendors from Europe, North Aniea and Asia was included.

1 The DAC technologies are categorized as absorption and adsorption systems. A list of seven
vendors from Europe and North America was provided, most of them are companies
incorporated since 2009.

1 The synthetic methanol technolags were presented, characterized by three principal
processes (compression section, loop of reaction and purification section). Examples of
eleven emethanol plants were presented, including commercial operative plants and
announced plants.

1 A list of compaies involved in the eethanol plant’s supply chain was presented (three
plant integrators, four plant operators, nine catalyst manufacturers).

44 https://www.carbonrecycling.is{ https://power.mhi.com/; https://www.oci.nl/operations/biomcn/;
https://totalenergies.com/; https://www.topsoe.com/, https://matthey.com/en;
https://www.clariant.com/en/Corporate https://www.airliguide.com/ https://www.swissliquid-
future.ch/?lang=en https://inopco.de/; https://catalysts.basf.com/
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6. Activity N° 5: Infrastructure & supplies

Activity N° 5 focuses on the description of the utilities of ThatPlacluding:

Electricity produced by the wind farm.

Pretreated and demineralized water.

Heat (steam) production through an auxiliary gas boiler.
Natural gas.

General considerations on the methanol end product.

= =4 -4 —a -8

6.1 Description of utilities

Electricity

The Magallanes region has approximately 13 MW of existing wind farms:

i Cabo Negravind plant:2,55 MW (3 Vestas V52 turbines of 850 kWith rotor diameter
of 52 meters a height of nacelleof 49 meters constructed initially byMethanex and
commissioned in 2010. It is actually owned amkrated by PecketEnergy. Pecket has
indicated a historical capacity factor of 52%.

1 Vientos Patagonicos also called Nuevo Cabo Negrd plant:10,35 MW (3 Vestas V112
turbines of 3,45 MW)with rotor diameterof 112 meters aheight of nacellef 69 meters
owned by ENAPand operated by Pecket Energy. It wasmmissioned in October T'6of
2020 ENAP considered a theoretical capacity factor of 56%, and recently informed that it
reached around 43% after one year of operations (this is a reduced factor due to
restrictions to inject the generation in the medium voltage grid of Edelmag).

Besides, the Haru Oni green fuels project considers a pilot project with one 3,45 MW Vestas
GdzNDAYST GgKAOK gAff A0GFNI 2LISNFrdAz2ya Ay | LINRf
approved DIADeclaration of Environmental Assessment).

For a first appwach, the installed capacity dfe wind farm (66,6 MW)or The Plantwas
determined witha capacity factobelow 50%. It will supply electricity the electrolysis plant
(30 MW)and the other facilities that demand electricity (desalination plant andhaebl plant)

45 https://elpinguino.com/noticia/2021/10/16/parqueeolico-alcanzafactor-de-planta-del-43-por-ciento
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Figure28. Capacity factors on the Magallanes Region
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Source: Ministerio de Energia 2621

At a later stagespecific data fowind speeds in Cabo Negro (Area 3) were considered. The
information was obtained from Ministry of Energy 6 S6aA (S & 9¢ WO2 Ml R2 NJ
www.minergia.c), specificallytie data of the year 2015 at different elevatiors extraction of

100 m elevation data (which is the height of turbines) was mate. previous figure illustrates

For The Planseverahypothesis of utilization of new generation witurbineswere made.For

instance, ar8,3 MWwind turbine was used (ths size is not yet available in the market, but it is

expected hat it will be operational in 2026

Calculations of the gross power capacity were made taking into consideration possible
production curves of the 8,3 MW turbines supplied by EDF Renewalilesoasidered 10% of

wind farm internal losses and 2% of electrical losses between the wind fadhthanprocess

plant to stablish the net power capacity. The gross capacity factor obtained was 62% and the
net capacity factor was 55%{+10% higher thaimitial calculations based on existing wind farms

in Cabo Negrp

Calculations of LCQ#ere made with sensibility analysis on the discount ratsfollows:

Table23. Results from sensitivity analysis of L&@HEifferentDiscountRates

Discount rate 5% 6% 7%

LCOE (US$/MWh) 23.2 25.3 27.4
Source: EDF Ingeum

L 2dzZNOSY GLRSYGATAOIDRAs Y RE 19230 30Kt Sa wSy 2l
https://exploradores.minenergia.cl/portagérnc/websites/Magallanes_White_Paper_Edicion_Feb20.pdf
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Taking into consideration a more conservative discount rate of 12%, LCOE results in 39.2
US$/MWh

Water

The water sourcethat could beavailable in the area of Cabo Nedoo the requirements of The
Plantare superficial bodiesrivers), undeground bodies (aquifers) and ocean water from the
Magallanes Strait. The use of superfitiahd underground watef8 require the issuance of a
water use rightgranted by the authorities in the General Direction for Water (@@reccién
General de Aguas), an institution that is part of the Ministry of Public Works. The use of ocean
water and the construction of a desalination plant requiresaitime concessiof® granted by

the Ministry of National Defense, Undersecretary for the Armed Forces. Due to the size of the
methanol plant and the scarcity of superficial bodies, the design of the methanol plant considers
a desalination plant.

Pretreatd & Demineralized water

Pretreated and demineralized water is needed for the electrolysis proesssequired by all
electrolyser vendors (indeed, impurities present in the water can cause precipitates on the
electrolysers that will damage the equipmenéind for the boiler that will produce the steam
produced for different parts of The Plant. All the water for the electrolysis process is consumed
(5,4 t/h) as itis transformed to kiwhile the boiler water is partially recovered after being used
as steamOnly make up water is then considered for the consumption estimations.

For the water treatment plantthe consultantconsidered a classic chemical pretreatment to
desalinate (screening and grit removal, then chlorination, coaguldtimtulation, flotaton,

and sand filter or ultrafiltration) followed by a demineralization process using reverse osmosis
and electrodeionization as the principle for the treatment.

Cooling system

The ooling system is a onglirough sea water cooling (200 t/h of sea watericculation pump,
not treated) and a cooling water loop.8D0 kg/h) plus a heat exchanger. Overall dtéking
into account cooling necessities thie electrolyses, compressors, DAgDd themethanolation
unit, is estimated at 25 MWith.

47 https://dga.mop.gob.cl/Paginas/ap_aguas_superficiales.aspx
48 https://dga.mop.gob.cl/Paginas/ap_aguas_subterraneas.aspx
49 https://www.ssffaa.cl/asuntosmaritimos/cancesionesmaritimas2/
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Figure29. Block Flow Diagram of demineralized water flux
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Sea water required for water treatment of The Plant (pretreated for the cooling water loop and
demineralized for the electrolysis process and the makeup water for the boiler) is estimated at
10 t/h, considering that wasted water condensates from the methanol process atéaekto

the water treatment thusreducing the consumption of new sea water

Steam

As previoushdescribed in Ativity N° 4, the Direct Air CaptureDAG technology of adsorption
works venting air from the atmosphere that flows through a fixed bed of solid adsorbent. The
CQ s retained from the air when gtrikesthe adsorbentuntil the adsorbent structure reaches

a saturation level. When it is desired to collect.d@m the adsorbent structure (and
regenerates the adsorbent structure), heat from steam is required. A steam flow is generated
and sem to the DAC system. Low pressure steam is considered for the distillation section and
alsoto cooldown the methanol loop.

Figure30. Block-low Diagram of steam flux
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Natural gas

For theoperationof the boiler, 1,3 on/hour of natural gasire burned in the furnaceproducing

the hot gases formed by the combustion transfer the heat to the demineralized water that
transforms into steamT he consultantonsideredagas boiler as the best option becaussural

gas is availablaear the site areavia theENARjaR dzO (i 2 T Posgsidn tof QaBoWegro,
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located ata distance ofl to 1,5 kms, as shown in the figuyeThe boiler also needs a constant
operation for the steam production, which is obtained if the fuel is natural gas (on the other
hand, an electric boiler supplied byetlwind farm would face the intermittency of the wind
profile and would require a battery). Theal characteristisof the gaswvere not considered for

this stage of the project.

Figure31. Gasduct network in Cabo Negro
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One of the possible optimization solutions is to valorize the oxyayah to use it for the
combustion in the boiler (oxygenassub-product of electrolysis processd isnormallyvented

and lostto the atmospherg This pure oxygef#,3 t/h) can enrich the amixtureto reduce fuel
consumption andcan be injected imo the furnace of the boiler in order to produce an
oxycombustion (that means that .Qwill be valorized in the boiler to make the oxyfuel
combustion happen) which produces 75% less flue gases and exhaust consisting primarily on
CQ. Oxycombustion boiler is an innovative technology, not typically used because of the price
of the O2. In Thélant, this is a suggested optimization that allows to capture f@mn the

boiler for the methanolation unit, and thus reduce the installed capaeityired forthe DAC.
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Figure32. Block Flow Diagram of gas flux
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Another possible optinzation is to recover small quanidts of methanol distillation emissions
to feed the furnace of the boiler.

Storage and transport

Storage and transpodf methanolare notthe focus of this prdeasibilitystudy, but referential
information is provided for indicative purposes.

Methanol (CHOH) is a colorless watspluble liquid. It freezes a®7.6°C, boils at 64.6°C and
has a density of 0.791 kilograms (kg) per cubic mat@0°C. The production of methanol at the
design rate is 2,7on/hr. At a later stage of the projedhe developercan estimatea storage
volume considering a time linked to a certain frequency of delivery (one montihdtamcg. A
pipeline connectinghe e-methanol facility tothe existing storage infrastructure ddethanex
can also be an option to be studied on later stages of the project.

It is important to precise that methanol, whether from fossil fuels or renewable souhessthe

same chemical structure: @BH. As such, renewable methanol could directly replace fossil
methanol in any of its current uses. The current expansion of fossil methanol as a fuel in some
applications could also ease the gradual transition to resit@e methanol as the distribution

and transport infrastructure would remain the same. This is a good advantage for current players
suchas Methanex.

Existing uses of methanol

Accordingto IRENA and the Methanol Institute, the global methanol demand isteidgo
synthesis chemicals such as formaldehy28%) acetic acid7%) methyl methacrylate(2%)

and ethylene and propylene throughe methanotto-olefin MTOroute (32%) These chemicals
are then processed to manufactupgoductssuch againts andplastics, building materials and
car parts.Another important use of methanol is as an alternative fuel (17%), for gasoline
blending, biodiesel and dimethyl ether (DME).
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Figure33. Methanol uses
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6.2 Timeline of required tasks for the implementation of the project

Ly GKS F2ftft2¢gAay3a aSOGA2ys | GAYSEtAYS F2N) GKS
of the different challengesvolved in each development stageheanalysis will includeealth,

safety, environment, community, and pernahallenges, Wwich will be studéd according to the

national laws for environmental and energy projecend international suggestions and
certifications.

The section continues with contractual challengesolvingthe procurement of equipment and
takeoff contracs, whch will be a milestone for the construction and commissioning of the
project. Here, procurement barriers will be highlight@d;olvingthe possiblechallenges during
the acquisition oimain componentgor e-methanol production, particularljor the electwolyser
and the DAGystems

Finally the mainchallengesre more related t@wnershiprather thanthe resourcesaspermits
related to wateruse landrental, and maritimeconcession are overviewed and anatgd. These
challenges are examinaxnsideringhe sitewherethe projectwould belocated and thause of
coastal zones due to theequirement of a desalirgation plant to supply water to the
electrolysers.
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Table24: Timeline of required t&s

2023 2024 2025 2026 2027 2028 2029 2030
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8
ftem Stages Description T1 T2 T3|T1 T2 T3|T1 T2 T3|T1 T2 T3|T1 T2 T3|T1 T2 T3|T1 T2 T3|T1 T2 T3
%‘ 1.1. Technical Bases & awarding proc Wind, water, land & access studies
feo)
‘Q
.2 - .
- Q 1.2. FINCEPEEE BOMIMLANILY CLIEEER Public entities, communities & stakeholders
o and stakeholder engagement
o
2.1. Environmental Base Line Study to stablish an environmental baseline
2 29 Elaboration of Environmental
% =" Impact Study (EIA)
S 23 Evaluation of Environmental Impa
L 7" Assessment System (SEIA)
o 24 Issuance of Environmental Licens
""" Resolution (RCA)
$ | 3.1. Sectorial License Water license (DGA), maritime concesions (MD)
S
1
o 9 . Report of construction feasability (IFC), CONAF, hez
s sz e ligsnges SAGMINVU, Municipality, others
a
4.1. Notice to proceed Manufacturing, procurement, works and commission -
4.2. Wind farm Manufacturing, procurement, works and commission
_5 4.3. Desalination plant Manufacturing, procurement, works and commission|
§ 4.4. Electrolysis plant Manufacturing, procurement, works and commission|
= 25-30 months
5 Manufacturing, procurement, works and commission|
@] ’ ’
© 45. DAC 32-36 months
< . ..
Manufacturing, procurement, works and commission|
4.6. Methanol plant 24-30 months
4.7. Other infrastructure Roads, ports, electricity lines, pipelines
IS
To) g 5.1. Start of methanol production
joN
O

EIA: Environmental Impact Assessment Study
SEIAEnvironmental Impact Assessment Service
RCA: Resoluan de Calificaddn Ambiental

DGA: General Waters Direction

SAG: Agriculture and Livestock Service

Minvu: Ministry of Housing and Urbanism

PAC: Permisos Ambientales Sectoriales

-Milestone

Process dependant on other actors

Process
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The previous table shows a timeline fine implementation of the project,rangingfrom the
prefeasibility stage until the construction and commissioningf the project Moreover, a
technical, environmental, social, regulatory, and contractual challenge sisiglyprovided

The firstphasecorresponds tgrefeasibility, whereearly technicaland economic studies are

developed. Alsgnthisstageiil KS 'yl feaAia 2F (GKS FNBIFQa aidl(SK2¢
an early relationship with the communities and public entitidfie relationship with the

communitiesis an essentialpoint to consider since 21.53% BlintaArenaspopulation the

capital of the Magallanes region, declarto be part of an ethnic group related to indigenous

people (Punta Arenas municipality, 2021Thus, it iscrucial to perform an anticipated

community outreach with indigenous peopletime region and determine the direct impact on
communitiesaccording to ILO 169 ConventilhO, 1989)

Then,in the feasibility phasg an environmentabaseliné® must be established, which will be
the input ford KS 206 G Sy ( A 2 y Engirsnmeéntal I icendd IRESfian QRICA its
acronym in Spanighit should conside(Environmental Assessment Service, n.d)

1 Physicalenvironment climate, geology, water resources, among others

1 Ecosystemsterrestrial, marine, and inland aquatic

1 Historical heritageboth natural and artificial

9 Landscape, protected areas, natural or cultural attractions, land use, human
environment socbeconomic, demographic, geographic analysis, among others

1 Projects or activities that have an RCA.

The procedure is governed baw 19,300 and a delay in this procedure could be critifzal
accomplishing the projectsommissioning plar-urthermore it will be necessary toheckthe

norm NCh382.0f98:2003National Standards Institute, 2003kgarding the storage of
dangerous substances, transportr@Ezardousargoesand prevention of pofessional riskue

to the complexity of the project, and the sampling timeframes to establish a baseline for each
part of the value chain, a consideration to take into account is that the time to obtaipetraits

and carry out theenvironmental evaluaion would take more than2 years As an example,
obtaining a marine permit requirea baseline samplingf at least two yearsbefore its
presentation to the SEIAMarine Contamination Group of the Nation&ceanographic
Committee, 2021)As a reference, Annexd$.14 and 15.15 present the information of the
months required to obtain environmental permits (EIA and DIA) for selected wind farms and
desalination plants in Chile.

Thepre-investmentphaseinvolvesprocessing and obtainingectoriallicensedike water right
use (DGA),construction feport of construction feasibilily forestry CONAF health, SAG
MINVU,and Municipal permits’*. Goodexecution of the feasibility phase is kiyr obtaining
thesepermits, avoidingdelays in the project.

The construction phase beginswith a notice to proceedNTP)with the construction.The
manufacturing, procurement, works, and commissioning of the wind farm, electrolysis plant,

%0 The baseline consists of the detailed description of the area of influence of a project or activity, prior to
its execution
51 More details about the licenses needed in this phasele foundfrom Annexesl5.17and 15.21
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DAC installation, methanol plargnd otherauxiliaryinfrastructureare performed in this phae
Likewise the electrolysersand DAC delays could affect the operation and construction timeline
of the project.

Sur

The lastphase corresponds tooperation where the whole project startthe e-methanol
production. This period could bemodified depending on the regulatory situation and
Government initiatives to develop this mark&r example, government initiatives to facilitate
the concession of national assets could hesp project's early developmeft Or in contrast,
potential modifications to the regulation of wind projects could impact the evaluation of the
project under the SEIA and produce a delay

Theaefore, the complete timeline of the project could take approximat&lyears from the
prefeasibility study untithe start ofoperatiors.

6.2.1. Health, Safety, Environment, Community & Permitsallenges

Thecurrent law establishes thanfrastructureprojects carried out in Chile mudie evaluated
under the Environmental Impact Assessment System (SEIA by itymcmospanish) to obtain
construction and operatioficenses The criteriao evaluatethe pertinenceof the project are
found in the Law 19,30Ministry General Secretariat of the Presidency, 202tithin this law,
Article 10 establishes series of criteria to determine whether a project should be presented
underthe SEIA. Among theriteria related to a enethanol production project aréMinistry
General Secretariaif the Presidency, 2021)

1 Highvoltage electrical transmission lineser 23 kV capacityMinistry of the Environment,
2014)

Electricity generation facilitiegreater than 3MWbf installed capacity.

Ports, waterways, shipyards, and maritime terminals

Qil, gas, mining or similar pipelines

Production, storage, transport, disposal, or reuse of toxic, explosive, radioactive,
flammable, corrosive, or reactive substances. Forpbist to be considered, the quantity
produced, disposed, or reused must be greater than 10,000 kg /day. It is also considered
whether the storage capacity of toxic substances is equal to or greater than 30,000 kg
(Ministry of the Bvironment, 2014)

= =4 -4

Within the SEIA, it is necessary to verify whetheBarironmentalAssessmenbeclarationDIA)

or an Environmental Assessmenttudy (EIA) should be made. The differences betwbeth
instruments arethat a DIA takes about 60 days be evaluatedwhile anEIA takes about 120
days Nevertheless, although the deadlines for both are established, these are usually extended
due to the request for modifications or rejections, among oth@#$A can be extended for 30
additional days andIE can be extended for 60 additional daydhother point is thathe EIA
should always include citizen participation, while in a,Bldzen participation should only be
done under certain circumstancéslinistry of the Environment, 2021)Moreover, in the case

52 In November 2021, the Ministry of National Assets issued Res. Exenta N° 998, to receive applications
for a Direct Assignment of Onerous Use Contracts for public land for energy generation and green
hydrogen production.
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of anEIA, it is mandatory to carry out mitigatiogmediation and compensation lans due to
the environmental and social impacts generatdtinistry of the Environment, 2021)

Sur

The criteria for the applicability of an EIA are found in articleflliaw 19,30@Ministry General
Secretariat of the Presidency, 202WUnder the criteria above, the following points could justify
the applicability of the project understudy for a@alA (Ministry General Secretariat of the
Presidency, 2021)

1 Significant adverse effects on the quantity and quality of renewable natural resources,
including soil, water, and air.

1 Resettlement of human communities, or significant alteration of the living systems and
customs of humagroups

1 Significant alteration, in terms of magnitude or duration, of the landscape or tourist value
of an area.

1 Alteration of monuments, sites with anthropological, archaeological, historical value and,
in general, those belonging to the cultural herigatn addition, the D.S 4€ets the criteria
regarding the impact magnitude and duration allowed on the soil, water, or air; the effect
generated by the use and/or handling of substantles;difference between thestimated
noise levels of the project anthe representative background noise leyveind the
characteristic of the environment where native fauna is concentrat@tinistry of the
Environment, 2014)

The EIA would imply a more complex process than a DIA, and therefocgeaxtendedperiod

should be considered for its approvdlhe applicability for a DIA or EIA will depend on the
intrinsic characteristics of each projed@he consultant suggests thdue to the complexityand

nature of the emethanol plant (includes hydrogen plant, DAC unit,-cagnbustion boiler,
desalination plant, methanolisation unit) the projdstpresented integrally as one unit and as

an EIA. Besides, potential risks invaj\dommuniies existence of indigenous communities and
wildlife impact will require a detailed analysis and approach. These conditions could change in
the next years, accelerating the obtention of permits by the authorities.

Regarding safety challengelsydrogen isclassified as a hazardous substance in Class 2.1 of
flammable gasses, according to NCh382. Of98:2(0N&ional Standards Institute, 2003)
Therefore,during the plant's design, construction, and operatipmegulatiors related to the
storage of dangerous substances, transport of hazardoasgoes, and prevention of
occupational riskmust be addresse@GIZ & Ministry of Energy, 2020)

Despite the risks related to hydrogemandling, hydrogen is not fully covered in Chilean
regulations, leaving out "the needs of ventilation, measures against explosionspreiggure
equipment, cryogenic equipment and provisions for handling and transfer" in hydrogen terms
(GIZ & Ministry of Energy, 2020, pag..3®wever, the Ministry of Energy, in conjunction with
the Ministry of the Environment, ipresently analyzing theexisting regulationsregarding
hydrogenand its potential improvementéGlZ & Ministry of Energy, 2020)

Nowadays a safety bylaw for hydrogen installations is under citizen consultghbnistry of
Energy, 2021)This safety bylaw will seek to establible minimum safety requirements, the
obligations, and the responsibilities that hydrogen installations must accomplish during the
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design, construction, operation, maintenance, inspection, and ending@&fations(Ministry of
Energy, 2021)

Sur

Additionally it is suggested to take into consideration international standards, given that there

is acurrentregulatory gap in ChileGIZ & Ministry of EBrgy, 2020)This is because until now

the use of hazardous substances, such as hydrogen, was limited to highly technological industrial
and laboratory applications with restricted access, so the massive use of hydrogen for energy
applications will expose people to néwzards with which they are not famili@elZ & Ministry

of Energy, 2020)

International standards are separated according to the following stages: production,
conditioning, storage, distribution, and consumptid¥ithin these stages, the most common
standards are ISO, NFPA, and EIGA, which address safety, handling, and technology issues
related to hydrogen(Fichtner GmbH & Co. KG, 2020) the case of the production and
conditioningstages, there is no specific international regulation for hydrogen. However, the
existinglocal regulation for industrial processes would addreisose stages in ChileGIZ &

Ministry of Energy, 2020¥0it would not be necessary to generate a particular regulation for
them.

6.2.2. Contractual challenges

Within the contractual challenges lies the issue acquighegtrolysers, which are one of the
main components of the-enethanol plant. It takes betwen 16 to 18 months to delivethem,
based oninformation obtained througha market consultation withelectrolyserproviders
Todaythe demand forlectrolysers has grown due to the latest announcemeotsew projects
that need this type of equipment. Howevelit is expected that demand will grow from
approximately 0.20 GW in 2020 to 85 GW by 2080resenting an annual growth rate of nearly
83% per yea(lRENA, 2020)

In response, the manufactugnindustry for electrolysers is expecting the market signals that
could trigger the investment of new manufacturing capacity. An example for this purpibee is
French company McPhy, which plans to build a gigafactorglémtrolyses at the end of tis
decade It stated that there are difficultiesat the time of productionregardingcompanies'
orders and project executions, particularly given the global public health context and associated
restrictions (McPhy, 2021)Another example is theompany Nel ASA, which has secured a
location that will allow arelectrolysemproduction capacity of more than 1 GW per yéRatch,
2019) This means that the largestectrolyserplant in the world would go from 0.36 GW to
around 1 GW, which would favor the production of green hydrogen since thespdt this
equipment should decreag®atch, 2019)Therefore purchasing 30 MW dflectrolysersfor the
e-methanol plantisa challengeandits delivery times are acriticalfactor.

Anotherchallenges thesize ofcommercial electrolsers, especialljor PEMtechnology which
usually presents a reduced size (< 1 M{@jkerstra, 2021pand the needs to scale up this
technology to satisfy the demand for large scale projedidditionally, nultiple electrolyser
suppliersare not yet present in Chile, which generates a placement gap in the market since after
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sales servicedo not have a local partner settled the country. Hence, thisould causea
competitive disadvantagéBlix Ingenieria, 2021)

As for the Direct Air Capture (DAterhnology there are currently nineteen DASystems
operational in Europe, the United States, and Candtie installationof the first largescale

DAC plant has recently been annoudgceand that will be located in the United States. This large
scale DAC plant is drawing more attention from the private and public sectors due to the
voluntary offsets markefinternational Energy Agency, 202Despitethis, there are significant
challengeselatedto the provider for the technology and the time required for the acquisition.

6.2.3. Ownership over the resourcehallenges

In Chile, toinstall an emethanol plant severalSectoral Environmental Permits (Fy its
acronym in Spanighwill be required, which have the purpose of environmental protection
These permits are established tine article 111 and the following articles of S.D. N ° 40, of 2012,
of the MMA(SEA, 2012Yhemost relevantpermitsto the project arethe following:

1 Permit for dumping in waters under national jurisdiction from ships, aircraft, naval devices,
constructions, and port works (article 111 RSEIA).

1 Permit to locate land facilities for the receptia oily mixtures in the ports and terminals
of the country (article 112 RSEIA).

1 Permit for installing a maritime terminal and conductive pipes for the transport of polluting
substances or that are susceptible to polluting (article 114 RSEIA).

1 Permission to introduce, or discharge harmful or dangerous materials, energy, or
substances of any kind into the waters subject to national jurisdiction (article 115 RSEIA).

The SEA and the Maritime Authority have established maritime permits that nedwk to
considered regarding the use of a coastal zdrer instance, the Maritime Authority sets the
technical minimums for the environmental evaluation of industrial desalination plant projects in
the stagedike baseline, construction, operation, and closwrben production exceeds 1,000
m3/d (Marine Contamination Group of the National Oceanographic Committee, 2021)

In the baseline stage, it is established that since most of the coastal localities of Chile present
oceanic and environmental differences between the autuwinter and springsummer
periods, sampling of abiotic and biotic parameters should be carriedtdatat two times per

year for two yeardMarine Contamination Group of the National Oceanographic Committee,
2021) Therefore, his permit must be seen well in advantoeavoiddelays in the project's
commissioning

In addition,duringthe construction stagahe construction activities must not interfexgith the
8-meter easement belt assigned to artisanal fishers. During this stage, the rescue and relocation
of hydroliological resources that constitute natural banks must be carried out, besides a-follow
up of this process. Moreover, if the marine environmental impacts are significant, according to
article 12 letter f of Law 19,30(Ministry General Secretariat of the Presidency, 202)
EnvironmentalMonitoringPlan (PSA) about the marine environment must be draw(Niarine
Contamination Group of thBlational Oceanographic Committee, 2021)
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A PSA that incorporates monitoring the water column, the seabed, the communities, and the
bioassays must be carried out during the operaticstalge.The bioassays include continuous
salinity measurements ohe discharges made to the sea, complying with the D.S 90/00. Hence,
there are also challenges at this stage because there must be constant monitoring to comply
with current Chilearregulations In this case, as in construction stage, it must be regulated by
Article 12 of Law 19,30@Marine Contamination Group of the National Oceanographic
Committee, 2021) .

Thus, given the technical requirements established by law, obtaining permits and the necessary
studies can take more than two years. Additionally, there are challenges in mitigation plans
because a detailed analysis of the impacts in biodiversity in timstogction and operation
stages must be carried out.

On the other handnithesite area selected for the project's development, ENAPdxasoratory
oil & gas welland there is also a®twaySpecial Contract for Oil & Gas Operatio(CEORy
its acronym in Spanish) awarded to Methanex, Wintershall and Geophrk.situation could
generateconflictsof overlapping activitieduring the development, construction and operation
stages of the anethanol plant Therefore, it is suggested to hea&n early relationship with Enap
and the other companiegp reduceconflicts it is also recommended that durirtge future
phasesof the project a detailed legalstudy of the implications of CE®Bperations should be
performed

Finally, Chile has bearharacterized by stability for investment and ownership of projects for
the last years. Currently the country is going through a process of uncertainty due to a
constitutional process, which is expected to culminate with the exit plebiscite iR208a
(Communications Secretary, n.&) this context, for investments to take place it is necessary to
have legal certainties, and so, it will be important that the Chilean H2 Association could take a
role in the process anencourage certain guarantees for investors during and after the process

6.3 Conclusion

As previously shown, the obtention of the environmental resolution is a critical activity in the
route of the timeline A properevaluation of the pertinence of the projesill be required, based

on criteria underarticle 10 of Law 19,300rhen, througtthe analysis ofrticle 11 of Lawit
should alsde determined if theproject should be carried out through a DIA orelé. Knowing

if the project corresponds to a DIA BIA is crucidbr estimatingthe commissioning dateThe
consultant suggests that due to the complexity and nature of th@meghanol plant, the
preferred option is to present an EIA.

At the same time, it is essential to permanently review the regulatibasare in force in Chile
related to green hydrogen, mainly due to the growth of the hydrogen market in the country. In
this case, the project execution time depends on the tendencies related to the regulatory
situation and Government initiatives to dewglthis market that could delay easethe process.

For example, government initiatives to facilitdtend or maritime concession®uald help the

53 Otway Block, with an exteimn of 6.000 kry, was awarded in July 2008 to a consortium composed by
Methanex (16%), Wintershall (42%) and Geopark (42%).

97



« 0
& SEeDF

project's early development. Or in contrast, potential modifications to the regulation of wind
project$* coud impact the evaluation of the project under the SEIA and produce a delay.

Sur

Therefore, due to the application afternational standardsor the design and development of
the project it is relevant to frequently review potential changes in international regulations
or certificationthat may affect some of the phases of the project

In relation to the naritime permits thesecan take more than two yealmcause of the constant
monitoring to comply with current Chilean regulatiorad the mitigation plans that need a
detailed analysis of the impacts in biodiversity in the construction and operation stages

time to obtain these types ofpermits needsto be consideredin the plant desig and
construction plansHowever, some steps could be taken to speed up this process, some of which
are:

1 Identify key measurement points to provide data to develop&sgexample have the
government generate the data.

1 Identify the potential for reuse oinfrastructure for different projectsfor example
oversizing a desalination plant so that two projects can benefit from it.

Accelerate permit approval processes

Additionally it is suggested to have an early relationship with Eddgthanex Wintershall and
Geoparkto ensure no conflicts at the time of project developmanise due to possible parallel
activities n the site, related to oil and gaexploration.

Given the project's considerations the complete timeline of the project could take
approximatelysevenyears from the prefeasibility study untfie start ofoperatiors.

> There is a proposal of law that is under discussion in the Congress to regulate the construction of wind
farms Boletin N° 144432 of the Deputy Chambgr
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General considerations

The definition of the design variables amdlues for the selected area or site considering the
expected operation of The Plant and related facilities was undertaken in this Activity N°6. An
engineering assessment is provided with all the Haytel drawings, schematics, and diagrams
necessary taarry out subsequent potential cost assessments and procurement. The chapter and
the Annexes contain block flow diagrams (BFD), plot plans, process flow diagrams (PFD), piping &
instrument diagrams (P&ID), heat and material balance (H&MB), electricakadifigram, and
general equipment arrangement drawings.

Several simulations were made, and the main results and assumptions are given in the following
chapter. The aim of this study is to give the main keys and elements for the realization of a first
costing and sizing of a methanol production plant, with a broad view to cover the widest range of
technologies.

The following process units for The Plant shall be considered as the minimum indicative and
referential components (specifying technical equipmenstruments and other technical means is

not suggested at a preasibility stage as many decisions remain open regarding technology of the
different parts of The Plant, global availability required, final existing available site area, specific
geotechni@al constraints, specific regulatory requirements, battery limits, budgetary and time
constraints).

Auxiliary systems for fire control were not considered for the CAPEX, but the hydrogen and
methanol installations must be compliant with Chilean regulatend international security
standards and rules, such as NFPA2 (Hydrogen Technologies Code that safeguards the generation,
storage, piping, use and handling of hydrogen in compressed gas or cryogenic liquid form) and
NFPA30 (Flammable and Combustible Lej@dde that safeguards the hazards associated with the
storage, handling, and use of flammable and combustible liquids). A comprehensive guide for Fire
Safety, Emergency Response and Safeguards is found in the Methanol Safe Handling®Manual
Additionally, the developers must consider a Guide recently published by the Ministry of Energy and
SEC (Guiade Apoyo para solicitud de autorizaciéon de proyectos especiales de hidrégeno, Chapter
13 related to Security of Installations).

This chapter ioludes:

1 Equipment lists for the main equipment.

1 Technical hypothesis for the basis of design: operating loads, plant sizing, intermediate storage.
1 Production and consumption figures.

1 General arrangement drawings for the plant and each-sygiem.

55 https://www.methanol.org/wp-content/uploads/2020/03/SafeHandlingManual_5thEdition_Final.pdf
56 https://www .sec.cl/sitieweb/wp-content/uploads/2021/05/final_GuidroyectosEspeciales

Hidrogeno.pdf

99


https://www.sec.cl/sitio-web/wp-content/uploads/2021/05/final_Guia-Proyectos-Especiales-Hidrogeno.pdf
https://www.sec.cl/sitio-web/wp-content/uploads/2021/05/final_Guia-Proyectos-Especiales-Hidrogeno.pdf

q
* < €DF

7.1Equipmenllists for the main equipment
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The minimum quipment considered for The Plant are listed befowindicative purposes.

Electrolyser installation

Cell stacks

Hx-gasseparator

O:-gasseparator

Hzx-gascooler

Ox-gascooler

Electrolytecooler Katolyte

Electrolytecooler Anolyte

PDU

Deoxidization Column

Adsorption column n°1

Adsorption column n°2

Cooler

Separator

Regeneration Blower

DAC: Direct Air Capture

Fans

Preheater

Condenser

Economizer

Preheater

Flash Drum

Condensate Water Pump

Cooling Water Pump

Steam Condensate Pump

Steam Condensate Pump to Methanol Unit

Oxycombustion

Oxycombustion Boiler

Condenser

Flash Drum

Cooling Water Pump

Condensate Water Pump

Methanolation unit

Hz Compressor

Sur
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CQ Compressor

Recycle Compressor

Reactor feed preheater

Distillation feed preheater

Reactor cooler

Reactor

Flash drum n°1

Flash drum n°2

Distillation column n°1

Distillation column n°2

Utilities

Watertreatment unit

Instrument and Plant Air System

Nitrogen Generation System (Air Separation Unit)

Cooling Water System

Fire Fighting System

Potable Water System

Waste Water Collection

Safety Shower System

Emergency Power Generation

Sur
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7.2 Technical hypothesis for the design

Sur

General considerations
The meterological and climatic conditions of Cabo Negro in the Magallanes Region were analyzed.

The winds in Cabo Negro are principally from the west as presented in the following Wirtd Rose
This consideration was used for the wind farm layout and the position of the Direct Air Capture

(DAC) unit.
Figure34. Wind Rose in Cabo Negro

TUTUINORTH e

+ WIND SPEED

O:

ResutantVector ..

Source: EDF based Bed Agrometereoldgica de Inia

Other climatic variables such &smperature, rainfall, humidity, atmospheric pressure and sea
water temperature in the Magallanes Strait were analyzed. Temperature and rain fall are presented
in the following figure while the rest of the figures are presented in the Annex. The average
temperature is 6,5°C and the average rain is 39 mm. The average temperature of the water in the
Strait is 7,6°C.

57 EDF Andes processing of monttbta in Station Punta Arenas Rural fréited Agrometereolégica de Inia:
https://agrometeorologia.cl/
Note: Hourly data from Jan 2019 to Nov 20®4s processed.
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Figure35. Temperature and rainfall in Punta Arenas
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Source: EDF based RedAgrometereoldgica de Inia

Since discharge of liquids (brine and others) is considered due to the installation of a desalination
plant, the regulation for sea water temperatures was analyzed. According to Decreé® NP ZWD1,
these are the limits estdished to liquid discharges: 35°C in rivers, 30°C in lakes, 30°C in the ocean.

Natural gas quality:

From the table below, quality of GAE3 was consideredsaarepresentative compositioand was
used for simulationsSulphur molecules @3, mercaptans) were considered absent from natural gas
at this stage of the studyherefore no sulphurtreatment was included

Table25. Different possible compositions of natural gas

BASE Gas N1  Gas N2 Gas N3 Gas N4

Methane 88,88 90,14 93,5 90,37
Ethane 5,36 5,42 5,23 511
Propane 2,2 2,1 0,05 2,3

i - butane 0,4 0,38 0 0,46
n - butane 0,55 0,57 0 0,58
i - pentane 0,13 0,16 0 0,15
n - pentane 0,1 0,15 0 0,13
Hexane + 0,14 0,95 0 0,1

Nitrogen 2,21 0,13 1,12 0,73
CQ 0,03 0 0,1 0,07

Source: ENAP

%8 Supreme Decree N° 90: Ministerio Secretaria de la PresidEstidlece Norma de Emisién para la
regulacion de contaminantes asociados a la descarga de residuos liquidos a agnas y continentales
superficiales.
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Load transient

Sur

Theramp up/down rate of @CQO+H¢ Y S (i K I yiepdnds didithe spécific technology licensor.
An indicative rate of around 10% per hour candesidered as a preliminary assumption.

Minimum loads

For electrolysis, minimum electrical load depends on the technology (see Activity 4). A hypothesis
of 10% was taken, considering a PEM elecseiyechnology.

For the methanol process, although treactor caroperatefrom 10 %to the nominal capacity (ik
should be done modifying the auxiliary units accordingly and shall be studied in detail), the
distillation unit limits the minimum load of the plant at 40% of its nominal capacity. This could
impact importantly the MeOH annual production as the plantdostop several times during the
year. Partial load on methanol unit has an impact on the specific energy consumption as the
compressors will recirculate at lower loads.

Solutions to optimize the MeOH production

One of the solutions would be to install after plant sized to run simultaneously. As the distillation
unit is the debottlenecking, it could be interesting to study the possibility to resize the column rated
flow to have constant production, providing a buffer storage of crude methanol at thetaftthe
methanol synthesis loop. Last solution would be to consider a hydrogen storage to provide
additional flow to meet the low limit when required. The first assumption was considered for the
present study.

Shutdown load

Gas flowrates at the inlet dhe methanol unit are reduced to 10% of the capacity for shutdown
mode.

Standby mode

The plant can operate on a stai¢ mode with a full recycle on the methanol synthesis loop from
10% load to 40% load to keep the lines at the operating conditions @hdqad on staneby mode
could change regarding the technology licensor).

Hydrogen compression

The electrolyseproduces hydrogen at 30 barhich then requires to be compressed up to 80 bar
before entering ito the methanol reactor The consultant suggesto use only one compressor
stage, which is technically reasonable.

Hydrogen storage

As previously said, a dedicated hydrogen storage meisonsidered for The Plant, but sensitivity
analysis shall be done in a feasibility stage in orderdédermine the advantages of this
supplementary equipment regarding the deliverability gains on the final product (MeOH) and
availability of The PlanEluctuatios of electrigpower supplyare consideredo be compensated by

the turn down rate of theslectrolysers, the compressors and the methanol plant. In casatotal
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power outage from the wind farm the process plants will be shut down until restarted whenever
sufficient amount of power is available again.

Sur

Carbon dioxide compression

Carbone dioxidesidirectly captured from the ambient diy the Direct Air Capturel¥AG system
and is also captured from the exhaust from the oxycombustion boilerptoducedin both cases
at atmospheric pressure. Captured carbon dioxide then needs to be comprgsse® bar before
entering in the methanol reactoto comply with this condition, moreompression stages with
intermediate coolingvere considered

Methanol production

For the purpose of this study the methanol process for green methanol has beposagbto supply
hydrogen and carbon dioxide at approximative 80 bar and 260°C to the methanol rehetefore,
slight modifications due to vendor, catalyser and reactor requirements should be considered.

Design features
The design has the following kisatures

1 For a production of 2,7 t/h of methanol the methanolisation unit is fed by an amount of 3,99
t/h of CQ (2,99 in the DAC and 1 t/h in the boiler) and 0,543 t/h of green H
I Steam necessary for the DAC and the methanol loop are produdée byycombustion boiler.

7.3 Production and consumption figures

The results below were obtained after running simulations Rmosim (process simulator) and
Simulis for the thermodynamic fldicalculations.

Electrolysis Plant

Hydrogen Parameters Value Unit
Quality 99,9% Mol
Temperature 30 °C
Pressure 30 Bar
Flowrate 6643,6 Nm3h
Value Unit
Oxygen Parameters
Temperature 30 °C
Pressure 30 Bar
Flowrate 3288,9 Nm¥/h

105



q
* < €DF

DAC + Oxgombustion

Carbon Dioxide Parameters

Temperature
Flowrate

Methanol Plant
Methanol Parameters

Quality
Flowrate

Water Parameters

Quality
Flowrate

Demineralized Water

Parameter
Flowrate

Consumption Figures

Electrical Power

Consumer
Electrolysis Plant
Oxycombustion Boiler
DAC

Methanol Plant
Pumpingstation

Hydrogen

Parametes
Temperature
Pressure
Flowrate

Value
30
3,99

Value
99,5%
2,715

Value
99,8%
1,63

Value

Value
30
0,02
0,8

Value
30
30

6643,6

Unit
°C
t/h

Unit
Mass
t’h

Unit
Mass
t/h

Unit
t/h

Unit
Mwe
Mwe
Mwe
Mwe
Mwe

Unit

°C

bar
Nmé/h

Sur
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Oxygen

Parameters
Temperature
Pressure
Flowrate

Carbone dioxide

Parameter
Temperature
Flowrate

Demineralized Water

Consumer Temperature
Electrolysis Plant 20
Oxycombustion Boiler 30
(Make-up)
Methanol Plant 10

Sea Water

Parameters

For demin. water production
Temperature

Flowrate (in operating case)
For cooling

Temperature

Flowrate

Effluent Figures

Value
30
30

3288,9

Value
30
3,99

Unit
°C
°C
°C

Value

10
9,2

10
1618

Flowrate
54

0,27
2,33

Sur

Unit

°C

bar
Nmé/h

Unit
°C
t/h

Unit
t/h

t/h
t/h

Units

°C
t/h

°C
t/h

As requestedby the Ministry ofenergy, the typical emissions and effluents during normal operation
of The Planincluding the electrolysis plant, Direct Air Capture,-ogynbustion boilerwere studied
andlisted. Related offsites and utilities are notlinded in the document&mission currents through
safety valves, relief valves, breather, or during stgsf shutdown or upset operations are not
included in this documentPlease note that all figures listed below are typical values for normal
operation andare given for indicve purposes only.
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Liquid Emissions
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Condensate Water

From Main impurity Flow Unit
CQo Capt_ure in Oxy co2 0.827 th
combustion

Water from methanol

Parameter Value Unit

Flow 1,63 t/h
Blow down

From Flow Unit

Oxycombustion Boiler 0,16 t/h

Methanol Units 0,03 t/h

7.4 General arrangement drawings for The Plant and subsystems
The engineering assessment resdlin following engineering deliverables:

Global Block Flow Diagram of The Pfa@mnex15.3)

Plot Plan of The Plant (Anng%.4)

Piping & Instrument Diagrams for DAC & Oxycombustion (AbHmB&x
Piping & Instrument Diagrams for Electrolysers (Aritte)

Piping & Instrument Diagrams for Methanol Unit (Andéx’)

Heat & Material Balance (Anné%.8 and15.9)

Electrical One Line Diagram (Anriéx10)

E R W

These diagrams are also sent as separate pdf, excel and visio files.

General arrangement drawings:

Electrolysis plant: the layout of alkaline electrolysis technology was considered as it is the most
conservativeand public data of suppliers for similar capacities were the basis for the 30 MW
considerations The footprint indicates a surface of 40 &m (2.80 n¥).
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CLIMATE ACTION
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Figure36. Plot plan:Electrolysemstallation for H production

Fa ", - ‘-\\ 101  |Electrolyzer
£ " " 102 |Cooli
Fa o . ooling
A o - - “a\ 103 H2 Compression
Fa P / ) T o, 104 |Electrolyzer system control room

104: Control room

Electrolyser stack
(capacity of each stack
2MW)

Electrolyser modulg
(capacity of each
module: 8MW)

Gas separation unit (2
separation units for H
and Q for each stack)

Transformer ¢ rectifiers
(one electrical modulg
for each process module

Source: EDF Ingeum

Figure37. Example of a 20 MW PEM electsalyindoor installation 400

[4 electrolysers| /| | 4 transformers |

|4 balance of plant|

| 1 water polishing |

| 1 control room |

Source: Hydrogenics
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Figure38. Example of a 25 MWEM electrolser installation (40 x 20 ) 800 m2

|5 auxiliary containers |

5 rectifier containers

|5 electrolyser containers

Source: Hydrogenics

Figure39. Example of PEM electrer design

* 40 ft container: power
racks (rectifiers), dual cell
stack + Balance-of-Plant

« 20 ft container: R/O

system, control panel,

rooftop cooling,
compressed air

Source: Hybalance.eu
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Direct Air Capture (DAC)

DAC installationthe possiblelayout of Climeworkstechnologywas considered as it i©é¢ most
conservative compared to Global Thermostat (footpfist000 nf). The global footprint considered

8 units as shown in the figure. This consideration was suggested by installation experts and public
data fromexisting projects.

Figure40. Plot plan- DAC andxycombustion boiler

CO2 capture - 36 530t CO2/an
111 DAC
112 Oxycombustion Boiler
113 DAC control room

Superposed
modules of 6
adsorbent  units
each

Mutualized output
pipeline for
captured CQ@

112:
Oxycombustion
boiler

Source: EDF Ingeum
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Figure41l. Example of DAC module

) :
Q®
I
e

Source: Climeworks

Figure42. Climeworks' first industrial realization 2017, 900 tCQ captured/yearat Swiss plant via 18 modules

Source: Climearks

Methanolation unit

The botprint considered was almost.500 nt based on information from technology licensors
under cover of confidentiality in the scope of other projects, therefore no source can be disclosed
here. The information varies from a supplier to another, the plot plan considered takes a
conservative areto setup this part of The Plant
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Methanolation Unit - 23 600t MeOH/an
121 CO2 Compression
122 Distillation
. . 123 Hydrogen recovery unit
Figure43. PlotPlan of methanol unit 124 |Methanol systhesis loop

125 (option) Area for methanol storage
g W E i} e S

126 Methanolation control room
o,
e
Ty

125: Methanol tank 2500 n¥ of
for one hour oMeOHproduction
(for indicative purpose onlv)

121: CQcompression

126: Control room

Reactor. Considered diamete
3,5m

Distillation columns.

Calculated diameter; 1,6 m and
3.6m.

Source: EDF Ingeum
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8. Activity N° 7: Cost Estimation

Activity N° 7 consists of the estimation of investment and operational costedanethanol plant

O

Sur

defined in the previous activities, at a Class 5 estimation level as defined b}’ AACE

Figure44. Definition ofdass 5 AACE estimation

Primary ..
Characteristic Secondary Characteristic
e
PROJECT END USAGE METHODOLOGY .
DEFINITION Typical purpose of | Typical estimating RANGE jiypicalldeareeion
ESTIMATE E - Typical variation in effort relative to
xpressed as % of estimate method . "
CLASS T low and high least cost index of
[ ranges [a] 1[b]
Capacity Factored,
. Parametric Models, | L: -20% to -50%
Class 5 0% to 2% Concept Screening udgmentior H: £30% to +100% 1
Analogy

SourceAACE International Recommended Practices

[a] The state of procastechnology and availability of applicable reference cost data affect the range markedly.-The +/

value represents typical percentage variation of actual costs from the cost estimate after application of contingency
(typically at a 50% level of confiderice ¥ 2 NJ 3A JSy 40218 w68 LT GKS NIy3IS AyRSE
costs, then an index value of 100 represents 0.5%. Estimate preparation effort is highly dependent upon the size of the
project and the quality of estimating data and tools

8.1 Capex & Opex estimation Class 5

General considerations

w CAPEX and OPEX costs were estimated by analogy with other similar projedbidian
discussions with suppliers and EDF Ingeum expertise.

w Capital costs include the manufacture and supgliisted equipment but also other main costs
like transport, installation, commissioning and works.

w Operational costs are averaged in a year basis.

w9EOKFIYy3S NIGSY mImn ! {5ke

The results of the economic analysis are synthetized below.

Part of TheéPlant OPEX

Wind Farn(66,4 MW) 82 MUSD 2,6 MUSDl/year

CAPEX Project Reference

- EDF expertise, feedback o
other projects on the same
region in Chile (confidential

%9 AACE International Recommended Practicdd 8R97, according to Cost Estimate Classification Sygtem
As Applied in Engineering, Procurement, and Construction for the Process Industries.
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Electrolyser installatio(80 MW) 59 MUSD 2 MUSD
(i.e.1,97 - Ongoing projects
MUSD/MW) - Internal studies for EDF
Cell stacks included Group
He-gasseparator Included -Benqhmark of electrolyser
Ox-gasseparator Included suppliers and EPCs
Hx-gascooler Included
Oz-gascooler Included
Electrolytecooler Katolyte Included
Electrolytecooler Anolyte Included
PDU Included
DAC: Direct Air Capture (8680 122 MUSD 0,7 MUSD -Ingeum Study
tlyear) (i.,e. 5 MUSD | -Discussions with DAC
every 7 years for| technology suppliers
maintenance)
Fans included
Preheater included
Condenser Included
Economizer Included
Preheater Included
Flash Drum Included
Condensate Water Pump Included
Cooling Water Pump Included
SteamCondensate Pump Included
Steam Condensate Pump to Included
Methanol Unit
Oxycombustionboiler 0,75 MUSD Negligible -EDF Ingeum experience in
thermal Power Plants
projects
Oxycombustion Boiler Included
Condenser Included
Flash Drum Included
Cooling Water Pump Included
Condensate Water Pump Included
Methanolation unit (24 kton/year) 35 MUSD 1 MUSD -Discussionwith technology
licensors
H Compressor Included
CQ Compressor Included
Recycle&Compressor Included
Reactor feed preheater Included
Distilation feed preheater Included
Reactor cooler Included
Distillation reboiler n°1 Included
Distilation reboiler n°2 Included
Distilation condenser n°1 Included
Distilation condenser n°2 Included
Reactor Included
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Flash drum n°1 Included

Flash drum n°2 Included

Distilation column n°1 Included

Distilation column n°2 Included

Steam condensate drum Included

Utilities 4 MUSD Negligble -EDHNgeum experience in
thermal Power Plants
projects

Water treatment unit (pumps Included

included)

Instrument and Plant Air System Included

Nitrogen Generation System Included

(Air Separation Unit)
Cooling Water System (pumps ani Included
pipingincluded)

Fire Fighting System Not
considered
Potable Water System Included
Waste Water Collection Included
Safety Shower System Included
Emergency Power Generation Not
considered

The following figures present the distribution of the CAPEX for the components of The Plant,
considering the wind farm and also without it.

Figure45. Cost Allocation ahe Investment foiThe Plant (Wind Farimcluded)g Prefeasbility stage

Capex for Methanol plant (304,4 Million USD)

Desalination;

\\ 0,5% Boiler; 0,2%
DAC; 40,1%

Utilities; 1,3%

Methanolplant;
11,5%

Electrolysers (30
MW); 19,4% \

Source: EDF Ingeum
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Figure46. Cost Allocation ahe Investment foiThe Plant (Wind Farmot included)g Prefeasibility stage

Sur

Capex for Methanol plant (222,4 Million USD)

o Desalination;
Utilities; 1,8% 0,7% Oxycombustion
Boiler; 0,3%

Methanol plant;
15,7%

DAC; 54,9%

Electrolysers (30
MW); 26,5%

N 4

Source: EDF Ingeum

Emergency Power Generation

The emergency poweageneration aspect is not included in the previous economic analysis as it will
not impact the global results on the prefeasibility stage.

Taking into consideration EDF experience in Peawef installations studies and electrical
emergency requirements fax safe shutdown of the Plant, the estimation of the installed capacity
results onl MVA backup power requirementThere are on the market gas/diesel engines
commercialized by Wartsila, Cummins or Kohler that can respond to this requirement easily, at a
cost estimated ir0,3 MUSD The fuel can be obtained by ENAP’s gas grid passing near the location,
to avoid gas or diesel storage. With that said, the power available to the process plant provided by
the Wind Farm is rarely lower than 1 MVA (only 400 howsax, or 4% of the time and less than

20 continuous hours at a time).

On the other hand, if stantly mode has to be secured for the overall equipment of the Plant, the
backup power requirement raises ® MVAand represents an estimated CAPEX & MUSD
considering 4 gas engines of 500 kVA. This backup energy covers 16% of the time in a year where
the power provided by the Wind Farm would be not enough to maintain the equipment on-stand

by mode (i.e. power available to process plant is less than 8 M) fuel storage can also be
avoided in that case considering a possible connection of the engines to the gas grid.
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8.2 Economic assumptions
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GENERAL ECONOMICS DATA

Unit Value
US CPI infation % 2,1%
Chile CPI infation % 2,3%
Inflation escalation starting date year 2021
Exchange rate EUR/USD 1,14
Discount rate % 5,0%
Taxes % 25,000
Methanol selling price USD/mt 1000

FINANCING

Unit Value
Subsidy % 0,0%
Equity % 50,09
Commercial loan % 50,09
Commercial loan amount (WTG only) MUSD 43,8
Commercial loan amount (total) MUSD 167,7
CAPEX Breakdown - Wind Turbine Generator Unit Value
2022 % 0,0%
2023 % 0,0%
2024 % 100,09
CAPEX Breakdown - Plant Unit Value
2022 % 0,0%
2023 % 60,09
2024 % 40,09
Loan duration years 20,00
First instalment date date 01/01/2025
Annuity of reimbursement (WTG only) MUSD 3,5
Annuity of reimbursement (total plant) MUSD 13,5
linterest rate % 5,04
Wind Turbine Generator - depreciation period years 25,00
Wind Turbine Generator - residual value % 0,0%
Plant - depreciation period years 25,00
Plant - residual value % 0,0%
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9. Activity N° 8: Interviews Analysis
The following section presents the main insights from ithterviews° conducted as part of the
project. These ideas were divided into three themes, as they are the most important for the @oject
development, and allow to gather insights from the industry, reinforcing the recommendations and
validations of the report. The first topic is the validation of the assumptions and hypotheses, the
second is the business model adjustments, and finallyy#tidation of the barriers and challenges.

Sur

The companies and institutions that collaborated with an interview were the following: Axens,
Airbus, BP, Copec, ENAP, Enex, Hajfmagl, Maersk, Methanex, Ministry of Energy (Hydrocarbons
Unit), Siemens, Sowitet/niversidad de Magallanes, Universidad Austral, and Wartsila.

9.1 Validateassumptions and hypotheses.

ldadzYLJiAzya 2F GKS aiddzRe I NBinrélatidnkoxhy fadi tkagregri | { SK2 |
methanol is an energy carrier that can be exported that the wind potential in Magallanes is

essential to position the region as a competitive site to install a synthetic fuel. gldditionally,

the location of the projecin Cabo Negro was validated by interviewees as an advantage, due to its

vicinity to key companies as ENAP and Methanex and the potential possibility to share existing
infrastructures

Regarding the design of the plant, which considers Direct Air Capture (DAC), some interviewees
consider that it is the most expensive alternative ahdttthere could be a potential reduction in

cost if other sources of G@re consideredThe/ recommended to explorether alternativessuch

as @rbonCapture, UtilizationandUsage (CCUgchnologies or options used in other countries that
transport CQ by ship or road fromindustrial sourcesn other locations. The latter requires an
environmental analysis dfie GHG enited during thetransportof CQ. Other interviewees pointed

out that the project should have a baclp unit that uses local natural gasto complement the
intermittency of wind energy, to optimize green methanol production; although this condition could
affect the levelized cost and the green nature of the final product, this is a solution that might be
studied

In other countries,dr the CCU system, biogenic and unavoidable souneegbeenused to secure

the quality of the green commodity (mainisom cement and cellulose indusés). In section3.6.2

a total of 388 kton of COrom ENAP, Methanex and Edelmag were repofted/agallanes Region

This Cfeedstock could be used, but these three companies may use it for their own purposes or
could offer it to other green hydrogen projects that are announced in the region.

Backing the projectup with natural gas could compensafer the variability of the renewable
sourcesand provide rampup servicesHowever, it could also compromise the quality of the green
commodity for a potential offaker depending on the amount of carbentensive fuels used to
produce the green commodity herefore, this must be considered under international certification
schemes and the definition of leaarbon hydrogen or lovearbon methanol discussisn

80 Forfurther details about the interviewees and the comparntieat participated referto Interviews summary
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9.2 Adjustments to the business model.

Sur

Organizations such as World Economic Forum and the Global MaFtimen are enforcing policies
and initiatives to encouragthe decarbonization of the sector being methanol one of the possible
fuel solutionsFor the international market, the maritime sector can be an early adoptgreéne-
methanol due tathe characeristics ofits demandand consumers This condition allows it to pass
on cost overruns to the final custonrgerwhich have less alternatives to transport their goods in
transcontinental or longlistance trips through other carrieri.should be considegtthatthere is

a willingness to pay a green premium to comply with sustainability standards by shipping companies
and their clientsMoreover, tere is a turning point in the market where clients or providers of
maritime transport services would be willjrto incorporategreen emethanol in their operations
overgreenammonia given its physicahemical advantages that allow reusing more infrastructure
and even though green ammonia price is lowEnegreen emethanol project that offers a better
price ard certifies sustainable attributes will have an advantage in this markgardless of the
location of the fuel loading port

In the methanol market, spot transactions are a normal practice, and there is no willingness to pay
a green premium for a low daon commodity which is more expensive than its fossil fuel equivalent.
This difficult the implementation of a project based on long term contracts that coulduyatcke
financial closure of the project.

For domestic demand, blending with gasoline couldabgood alternative to create demand,
considering thathe motor systenmcould also be operative with minimum changes withethanot
gasolineblending(as observed in ChirfMethanol Institute, 2019) This market should keiggered

by a quota policy, replacing a small amount of fuel, and dividing it among many users to avoid
perceiving a significant increase in the commodity price. Therefore, proper regulation is needed to
define the quota and safety issues such as stoeagktransportof synthetic fuelsTo date, there is

no synthetic fuel regulation for the domestic market, and decrees as SD 60 and SD 160 could be
used as a good framework for the development of this market.

9.3 Validate barriers and challenges.

The use of weer and territory could present a challengelue to the number of projectbeing
contemplated in the regionThe management of the brine produced by the desalination plant is a
challenge that must be taken into consideration since poor management of thisdoljct can
generate environmental problems in the areBo avoid costs overruns, the guidelines for the
environmental assessment of desalinization plants should be consieieiECTEMAR, 2015)

Wetlands and wdlife shouldalso be considered in the development of the projebe Canquén
Coloradoor other endangered specigsould beomea source oenvironmental risk Additionally,
turbines near duck nesting areas can be a problem because they would affect the normahfreedi
cycle of the species. Thereforspecial care must be taken for the layouttafbines, and it is
recommended to elaborate environmental and territorial studies including a thorough
environmental baseline studyp have all the information needed dudrthe assessment of these
types of projects.
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Universities have a role as facilitators of new projectal industries in Magallanasalyses with

the authorities and local stakeholders the need to create synergies between projects (to share
infrastructures to reduce environmental & construction impactsjoreover, they areopen to
analyze case to case alliances with companies and to share services related to the common use of
docks, desalination plants, physical spaces, pipelines, working c@imp&inivesity of Magallanes
(UMAG) offers services related to the preparatiorso€ial, environmental, and territorial analysis,

and local expertise in energy assessments, that are keergironmental impact assessment
studies.

Sur

Collaboration between private delopers and Universities will be cruciabr example, two project
developers Total Ererand HIF have collaborations with UMAG for the realizationcolurses to
close the workforce gapghe promotion ofR+D the creation of test labs,and the preparation of
adequatesensibilization and communicatiatrategiesof the projects in the local context.

The green emethanol main competitor in the shipping sector is green ammdgiRENA, 2021)
Howevergreen emethanol is considered a more energificient fuel and less toxic in contrast with
green ammonia
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10. ActivityN° 9: Economic Analysis

Activity N° 9 focuses on the calculation of LCOM, showing the weight on different components
(CAPEX and OPEX) considered.

10.1 Cdculationof LCOM

First, the calculations of LCOE were made in the study (refer to activity 5). As a renatulgations
of LCORvere made with sensibility analysis on the discount tatas follows:

Table26 Results from sensitivity analysis of LCOE for different DisBaiies

Discount rate 5% 6% 7%
LCOE (US$/MWh) 23.2 25.3 27.4
Taking into consideration a more conservative discount rate of 12%, LCOE result3J8&8/2Vh

The discount ratés the interest rate used to determine the present value of future cash flows in a
discounted cash flow (DCF) analy3isis helps determine if the future cash flows from a project or
investment will be worth more than theapital outlay needed to fund the project aniestment in

the present. The lower range values of 5%, 6%, 7% and higher value®ftit2#ossible discount
rates made for the economic calculations at this prefeasibility stage.

LCOE formula used to do the calculations

06060 =

Considering

0 It =investment expenditures in the year t

0 Mt =operations and maintenance expenditures in the year t
0 Et=electrical energy generated in the year t

0 r=discount rate

YL SYSyGlF{dz2NJ Ay AG& addzRe Ga9adGdzRA2 LI NI RSFAYSNI €
SELRNIFOAsY RS KARNF ISy 2diseddhiNdeSof 786ybadedon & Bydragends@idy for 1 LINRA &
Chile by Armijo and Philibert in 2019, which is representative of the electrical industry and a good proxy of

hydrogen projects backed by long term supply contracts. In the same study a social distewitG® was

used, based on the value used by the Ministry of Social Development of Chile for project evaluations.

Another reference of discount rates for recent operations in Chile is the following: in June 2021 Enel
Generation prepared a merger with adrp company (Empresa Electrica Pehuenche), and analysts published

the discount rates for the operation in dollarB€loitte: 7.0%0 7.7% Banco Santander: 6,7%, Providence

Capital: 6,84%). Green hydrogen business for synthetic fuel production couldibelates to have similar

risks to PPA from hydraulic generation assets.

52 The discount rate of 12% was selected after discussions with IDB, due to the fact that multilateral banks as

IDB and World Bank use this discount rate to evaluate infrastructujegsoin Latin America. Studies by both

entities show that the cost of capital for developing countries is higher than 10%, which leads to the

O2y @Sy ilAz2y GKFG & | YAYAYdzy (2 0SS WFHOOSLIilIoftSQ | LINE
greaterthan a 12% discount rate for Bank funded infrastructure public projects (Source: Economic Evaluation
Notes by World Bank:

https://documents1.worldbank.org/curied/en/234331468329400081/pdf/339270rev.piif
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0 n=expected lifetime of system or power station (25 years)

It is important to point outhat LCOE does not represent cost of electricity for consumer and is most
meaningful from the investor point of view. Care should be taken in comparing different LCOE
studies and the sources of the information as the LCOE for a given energy sourdy isdpghdent

on the assumptions, financing terms and technological deployment analyze

The estimation of total investment and operational costs for the methanol plant were calculated
and presented in Activity 7.

Calculation of LCOM were made considerirgdhlculations of CAPEX and OPEX engaged in Activity
7.

Table27 CAPEX and OPEX of The Plant

Part of The Plant CAPEX OPEX

TOTAL 3044 MUSD 6.3 MUSDl/year

Wind Farm (66,4 MW) 82 MUSD 2.6 MUSDlyear

Electrolyser installation (30 59 MUSD 2 MUSD

MW)

DAC: Direct Air Capture (200 122 MUSD 0,7 MUSD

t/year)

Oxy-combustion boiler 0.75 MUSD  Negligible

Methanolation unit (24 35 MUSD 1 MUSD

kton/year)

Utilities 4 MUSD Negligible
Source: EDF

The estimations of LCOM were made considering a project commercial lifetime of 25 years (for the
Windfarmand the industrial facility) with sensibility analysis on the discount rate.

LCOM formula used to do thmlculations:

0600 =

Considering

It =investment expenditures in the year t

Mt =operations and maintenance expenditures in the year t
MeOH =Methanolgenerated in the year t

r =discount rate

n = expected lifetime of system or power station (25 years)

O O O O O
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Table28 Results from sensitivity analysis of LCOM for different Discount Rates

Discount rate 5% 6% 7%
LCOE (US$/tMeOH) 2,367 2,540 2,720

Taking into consideration a more conservative discount rate of 12%, LCOM results in 3,737 US$/t.

The LCOM takes intconsideration all variables: electricity costs, CAPEX of The Plant (excluding
Wind Farm as electricity costs already consider it), OPEX of Electrolyser unit, OPEX of Methanol Unit
and OPEX of DAC unit.

The Commercial loan is also considered taking follgwiypothesis:

Table29 Financing hypothesis

Unit Value

Grant % 0.0%
Equity % 50.0%
Commercial loan % 50.0%

For more clarity, the LCOM is presented below showing the different parameters composing the
value and taking inteonsideration a discount rate of 5%.

Table30LCOM breakdown

Electricity Cost 5519 USD/t
CAPEX Plant 1,1654 USD/t
OPEX Electrolyser 1723 USD/t
OPEX DAC 49.9 USD/t
OPEX Methanol 86.1 USD/t
Commercial loan 3414 USD/t
LCOM 2,367.0 USD/t
Source: EDF
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Figure47 LCOM breakdown

\_

= Electricity Cost = CAPEX Plant = OPEX Electrolyser
OPEX DAC = OPEX Methanol = Commercial loan

Source: EDF

Asthe graphshows, the CAPEX Plant contributes the largest share of the LCOM, followed by the
electricity costs. It is worth mentioning that DAC unit represents about 40% of the total CAPEX costs
andelectrolyserunit almost 20% of it.

10.2 Backup energy cosiismpacts on the LCOM

Considering the scenarios where backup power generation is required:

o For emergency shutdown (1 MVA), the supplementary cost of 0,3 MUSD CAPEX and
0,12 MUSD OPEX (total in 25 years) for capacity required and estimated previously
results on a LCOM of 2.369 USD/ton.

o For emergency shutdown and to maintain the equipment on stbydnode (8
MVA) the supplementary cost of 2,6 MUSD CAPEX and 0,9 MUSD OPEX (total in 25
years) for capacity required and estimated previousdgults on a LCOM @386
USD/ton.

o0 Itis worth noting that the fuel consumption for the backup energy (potentially gas,
or diesel) has not being considered in those calculations. The fuel storage has
neither being taken into account as both scenarios contemplate a connéotite
gas pipeline. These aspects have to be evaluated on the next stages and future
feasibility studies for the development of a synthetic fuel plant.

10.3 Economic results analysis

LCOM calculations shows that competitiveness of the green solution comparednientional
methanol must improve, since the result of the model skdhat green emethanol is at least 5
times more expensive than the conventional methanol cost (about 500 USD/ton in international
markets).
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Prices for conventional methanol producedrparily from natural gas have fluctuated significantly
between 300 USD/ton and more than 500 USD/ton in the last decade (as obsetkiedollowing
figure), indeed they are related to the prices of fossil sources (fluctuating prices for fossil methanol

can also be expected in the future). This effect, as well as an increase pfi€¥3, could make
future price calculations uncertain.

Figure48 Methanol Prices Reference

Methanex Reference Price (USS/MT)

e |JS Gulf Coast == Furopean contract price Asian contract price

$900

5800
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5400
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5100

S0
5 § 8 3 8 8§ 8 38 5 z ¥ 2 =2 2 5 % 3 8 §
2001 2008 2015 2022

Source: Methanex Corporation prices from 2001 to 2022

Note: Nominal currencies; US and Asian prices are expressed in US dollars while European prices are in Euros

The next figure presents a price forecast of fossil methanol by IRENA and MMSA, which indicate
levels between 350 and 450 USD/ton from 2025 to@@®minal dollars) This future trend could

imply that competitive prices for green methanol for 2030 must be in the range between 600 to 800
USD/ton, considering a premium pritieat is twicethe price oftraditional fossilfuel.
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Figure49 Industry methanol price forecast

Sur

Industry forecasts® show pricing at:
— ~§330-$350/tonne in the near-term
—  ~S400+/tonne in the mid-to-long term

>/

Source: IHS methanol price forecast (June 2021) and MMSA methanol price forecast (March 2021)

An advantage of greenmethanol production is that costs are dominated by investment costs and
are thereby highlypredictable and constant, from project launch over the plant lifecycle. The current
price gap between grey and green methanol is then projected to decrease. Nevertheless, due to
their significantly lower CQootprint, and to strengthen the worldwide fudlecarbonization efforts,

a price premium for green-uels is needed.

According to IRENAthe current production cost of greenreethanol is estimated to be in the
range of USD 820.620/t assuming Cs sourced from Bioenergy with Carbon Capture andage
(BECCS) at a cost of USE»QA. If CQis obtained by DAC, where costs are currently USB5804,
then green emethanol production costs would be in the range USD 1:2.380/t.

As already mentioned, the cost of greemmethanol dependsto a lage extent on the cost of
hydrogen and CO The cost of CQlepends on the source from which it is captured, (e.g., from
biomass, industrial processes, or DAC). DAC being the most conservative scenario, the results of
LCOM estimated in the study are on thigher range.

It is worth mentioning that future cost of green hydrogen production mainly depends on the
combination of further reductions in the cost of renewable power generat@ectrolysers and
gains in efficiency and durability.

10.4  Sensitivity analysis

The LCOM calculated is based on CAPEX and OPEX estimations, considering economic assumptions
presented in Activity 7.

The calculation of Levelized Cost ob@Q@OCE) has been included in this activity as a complement
of the study andeads to a price of 415 USD/tg;@hich is on the range estimations of IRENA for
current DAC technology (from 300 to 600 USD/tor)Clut is still high compared to the cost of
other CQ sources for synthetic fuel projects.

In a case where G@osts are reduced, for example by capturing the €@n industrial processes
or considering an important reduction on the CAPEX costs of DAC in the future as indicated by some
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vendors (view Sectin2.7), a more favorable hypothetic scenario is presented, where c@Sts
decrease from 415 USD/ton to 100 USD/ton. IRENA also estimates th&o@CDAC could be
reduced in 2030 to a range between 150 to 300 USD/ton This consideration allows to rade
LCOM to 1.776 USD/tMeOH and thereby improving the competitiveness for the green methanol
produced.

Sur

In the figure below, the business model shows Net Present Value (NPV), Profitability index (Pl),
Internal Rate of Return (IRR) and the payback timengainto consideration a hypothetical selling
price of 1.800 USD/t and a nominal discount rate of 5%:

10.5 Conclusions

Considering that CAPEX is 303 MUSD and OPEX is 6.3 MUSD per year, LCOM's calculation results in
2.367 USD/ton, which is almost five (5) tinfegher than the average cost of grey methanol. This
resultis in the upper side of thlRENA estimates and studies, which indicate that greeethanol

production costs from DAC sources would be in the range of 1.120 to 2.380 USD/ton.

On the other handthe current price gap between grey and green products is expected to decrease
with the improvement of bland CQtechnologies. Furthermore, due to their significantly lower CO
footprint, and to reinforce fuel decarbonization efforts worldwide, a highaecefor green duels

iS necessary.

CO2 emissions analysis

The abatement cost (AC) is an indicator aimed to characterize a green action in economic terms
compared to a s@alled reference option. This indicator is calculated by comparing the additional
cod of the green project option to the volume of GHG emissions it avoids. It is a useful efficiency
indicator for identifying solutions avoiding one emission unit at the lowest cost.

TheCQ emissions associated with the productiohmethanol from naturayas are about 0.5 kg of
carbon dioxide equivalent [C@®)] per kg methanol and the emissions associated with the
production of methanol from coal are 238 kg C®eqg/kg methanol[Kajaste et al., 2018; M,
2020c]).

As an initial approach, the followingrglified calculation formula is suggested :
6 €Dl ¢ 0NIMPRINE QQGO
Oa Qi i & & NQQQ

00

Considering following results from the engineering assessment :

I Total CQcapture from DAC (25 years period) : @22 tCO2
1 Total emethanol produced (25 years period) : 3880 tMeOH

Reference scenaride produce the same amount of methanol

1 (1) CGemissions considering a natural gas based methanol production :
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0 0.5kg [C®eq] x 38880000 [kg methanol] = 19340 t{[CG-eq]
1 (2) CO2 emissions considering a coal based methanol production :
0 3.8kg [C®eq] x 38880000 [kg methanol] =476 984 t[C@eq]

Avoided emissions

(1) Emissions avoided compared to natural gas based methanol production :
600122 tCO2 + 19340 t[CO2eq] = 794462 t{CO2eq]
(2) Emissions avoided compared to coal based methanol production :

600122 tCO2 + 476 984 {{CORq] = 2077106 t{CO2q]

AC results

Compared to a natural gas based methanol production :

58 "YE OGN0 O@E & AW w' Qi i T @md YYO
P 0G Qi | &% € QOQO X 0T 0O# ] C AN
+1 F<«r F

Compared to a coal based methanol protian

58 "YE OGN0 O@E & AWAOd W' QMi i T @hd Y'YO
6 06 Qi | & & NQQQ cnixmmn@#/ ¢ AN
1 Fer F

Sur
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Figure50 Business Model sensitivity scenario

LCOM USD/ 1 775,90

Discount rate % 5%
Methanol selling price USD/t 1800
NPV MUSD 84,0
Profitability Index (Pl) = NPV /| % 39,99
IRR % 8,7%
Payback 2039
Payback time years 12|
Cash flow
100,0
50,0
6.0 H H B B B B =" B B = = = = = O O W o e =
2023 20 6 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2040 2041 2042 2043 2044 2045 2046 2047 2048
-50,0
-100,0
-150,0
-200,0
- 250,0

Source: Own elaboration.
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It is worth mentioning that, even with favorable hypothesis on €83ts, LCOM is still higher than
the current value for the conventional methanol (6800 USD/tMeOH).

Sur

Other hypothesis of selling prices foineethanol were included on the sensitivity analysis, varying
this parameter from 1.800 USD/t to 2.500 USD/tX00 USD/t intervals) as well as the discount
rate (8%, 10% and 12%). TAenex 15.2&hows the different business model scenarios requested
by Ministry of Energy. The results are presented on the table below:

Table31Business Model results for different case scenarios: sensitivity analysis. results

Deceum || Mool ||| o
NPV /|

% ‘Wt‘ MUSD ‘ %

5% 1 800 84 39,9% 8,7% 2039 12 1776
5% 1900 102 48,4% 9,3% 2038 11 1776
5% 2 000 120 56,9% 10,0% 2037 10 1776
5% 2100 138 65,4% 10,6% 2036 9 1776
5% 2 200 156 73,9% 11,2% 2036 9 1776
5% 2 300 174 82,4% 11,8% 2035 8 1776
5% 2400 192 91,0% 12,4% 2035 8 1776
5% 2 500 209 99,5% 13,0% 2034 7 1776
8% 2 200 58 29,6% 11,2% 2039 12 2158
8% 2 300 70 35,9% 11,8% 2038 11 2158
8% 2400 83 42,2% 12,4% 2037 10 2158
8% 2500 95 48,6% 13,0% 2036 9 2158
10% 2 500 46 24,8% 13,0% 2039 12 2438
12% 2 800 35 19,9% 14,6% 2039 12 2735

Source: Own elaboration
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11. ActivityN° 10: Project Workforce Generation
11.1 Workforce estimation

Sur

One of the benefits of carrying ounanfrastructure projecis the creation of employment in the
region where it operateCurrently the globalrenewable energy industry has employed 12 million
people, but under a 1.5 °C scenario this number is expected to increase to 38 million by 2030 and
43 million by 2050(IRENA and ILO, 2081) ¢ 2 Rl @ Qa & OS yllioNJer@iployaek 2 & a
corresponding to the wind energy sector, and it is expettadcrease tb.5 million by 2050. In the

case of Chile, there are about 9,400 workers in this se¢RENA and ILO, 202This shows an
opportunity to provide additional local benefits during the construction and operation of low carbon
infrastructure projects. These benefits must be identified and quantified beforehand to manage
expectations and maximize the benefits perceived by the communitidenathe context of the
project.

As an examplethe Cerro Dominadoconcentration solar plant (CSP), locatedhorthern Chilg
estimated a generation of employment in the construction phase of a maximum of 2,000 people
(SEA, 204 Thiscompanyalsostands out for having 30% of womerorking in the company and

that 90% of the workers are from tHecationwhere the project is being developed, which is well
above theaverage for the sectofVenegas, 2(d). It is also committed to collaborating with the
development of local supplie@inistry of Energy, 2018)n addition, in 2017 Enaex defined its
purpose as being an agent of change in the communities where it operates, as part of this
commitment it created the dual education program, which seeks to promote the quality of
technicatprofessional educatioifEnaex, 2017)Also, they haven copen doorg program, which
seeks to respond to the informatiaequirement of the locatommunityregardingsafety standards
(Enaex, 2017More detailson the emplgyment estimatel of green hydrogen projects in Chile can

be seen in the tableelow.

Table32 Number of Wdkersdeclared by developers for green hydrogen projec@ile

HyEx Hydrogen Plantf HyEx Ammonia Pla HIF pilot project Hydgg&rtleFr’(I)ant n

Stages / 25 MW electrolyser; Ammonia production: 1,25 MW electrolyser 10 MW electrolyser;

Project 20,5 kg Hhour
details
18 kton H/yr 18 ktons / year 640 ton H/yr
Average Maximum Average Maximum Average Maximum Average Maximum
number
number of number of number of number of number of o number of number of
workers workers  workers  workers  workers workers workers
workers
Construction 69 154 52 212 150 200 150 200
Operation 10 22 5 101 6 10 6 10
Close 69 150 52 11 100 150 150 150
Total 148 326 109 100 256 360 306 360

Sources: Own Elaboration based(8EA, 2021JSEIA, 2021JSEA, 2020JSEA, 2021b)
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The stages considered for the estimation of workforce potential are the following ones

Sur

1 Installation and constructianThis activity includes the construction of the facilities, as well as
site preparation, civil wrks, interface connection, and commission{@Z, 2020)

1 Operation and maintenanc@O&M). This activity considers the day-day tasks of the value
chain facilities, such as operation, security, cleaning, and mainter(@&ize 2020)

1 Others This includes planning, equipment procurement, equipment manufacturing and
marketing, transportation, and decommissioning st&@eZ, 2020)This may be the category
that generates the most employment, given ttiaese are more qualified jobs.

For each stage, diréétand indirect* jobs were estimated considering that 0.8 indirect jobs are
created for each direct job in the case of the wind power plantd 0.9 indirect jobsn the case of
green hydrogen produion. In the case of methanol productiom factor of0.37 was usedGlZ,
2020) in the case of the desalination plant Qdhd in the case ahe DACsystem0.1 factor was
assumed(Markak, BelegrRoboli, Michaelides, Mirasgedis, & Lalas, 20E3hployability factors
(EF) of the different parts of the value chain were considered using a regional multiptidapb
the information usedo the local contex{GlZ, 2020)

Now breaking down the EF for the wind farm, an estimation of the EF is providee following
table:

Table33 Employability factor for the wind farm

Direct

Activity Employability
Factor

Construction FTESMW 341
O&M FTE/MW 0.2
Total FTE/MW 4.9

Source(GlZ, 2021a)

The table belowshows EF for green hydrogen production data based on the stQdgntification
of the labor linkage for hydrogen development in Chile under an export scén(@&@ld & HINICIO
Chile, 2021)

83 Corresponds to jobs generated directly by the basic activities of the project but does not consider the
intermediate inputs needed for the manufacture of equipmé@lZ, 2021)Iin other words, they are those
related to planning the project, construction and installation, assembly of the plant, operation and
maintenance of the plant, and decommissioning activities.

64 Considers the employment of the industries that support and $yiipe basic activities necessary for the
project(Glz, 2021)In other words, they are those jobs that are produced by intermediate supply or services
in the value chain.

% FTE meantull-time equivalent andis an employee'scheduled hours divided by the employer's hours for

a fulHime workweek. When an employer has a-H6ur workweek,the FTE i4.0. Meanwhile, when the
employees scheduled to work 20 hours per wele& FTE i§.5.
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Table34 Employability factor for hydrogen production

Direct

Activity Employability
Factor

Construction and

. . FTE/100MW 112.8
installation

O&M FTE/A00MW 52.5
Total FTE/100MW 165.3

Source(GlZ, 2021a)

In the table below an estimation of EF for the methanol plant is provided basedifterent
publications on the subje¢GlZ, 2021a)

Table35 Employability factor for methanol production

Activity Unit Direct Employability
Factor

Construction and FTE/kton 0.76

installation

O&M FTE/kton 0.1

Total FTE/kton 0.9

Source(GlZ, 2021a)

And inTable36, an estimation for the EF of the DAC systempravidedbased oma U.S. consulting
firm.

Table36 Employability factor for DAC

Activity Unit Direct Employability
Factor

Construction and FTE/Ton 0.0015

installation

O&M FTE/Ton 0.0004

Total FTE/Ton 0.0019

Source(Rhodium Group, 2020)

In the case of estimating the number of jobs at the desalination plant, no bibliographic data was
found, sothe analysis was performed based on tHata submitted to the SEIA by different
desalination projects in Chile normalizBy the production capacitgf each plarf.

% For more details seestimated jobs for ifferent desalination plants in the Anexxes.
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Figure51 EF per L/s during construction stage
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Source: Own elaboration.

Figure52 EF per L/s during operation stage
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Source: Own elaboration.

Lastly, to estimate the amount oémployment, the following input data were considered:
electrolyser of 30 MW, 8 wind power plants of 8.3 MW each, a methane production of 22 ktly, a
DAC with a capacity of 34 kt/y, and a desalination plant with a production capacity of 46 kt/y.
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Since the dsalination plant designed is smaller than any benchmark in Chile, the EF of the smallest
project presented under the SEIA was considered, whidPlanta Desalinizadora Pilotdinera
Escondida Limitadaas this project has similar characteristics to the one presented in this study.

The results are shown below:

Figure53 Job creation summary
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Total 339 46
m Desalination Plant 10 3
DAC 52 12
Methanol synthesis 17 2
H Electrolyzer 34 16
m Wind Farm 226 13

Source: Own elaboration.

Indirect jobs

253
3
6

45
192

Total

638
16
70
26
95

431

In cantrast with the employment data of other projects mentied above. In the table below you

can see how the estimates made for this Plant are similar to those made in the other projects, being
a little higher because this plant also considers carbon capture and methanol produthisn.
conclusion is except fohe HIF project which for the size of Ez has a high number of workers
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Table37 Number of workers per Ez MW

The Plant HyEx Ammonia Plani HIF pilot project Hydrogen Plant ifQuintero

Phase/Project o \w ez (25 MW Ez) (1.25 MW E2) (10 MW Ez)
Construction 113 5.28 140 175
Operation 1.53 212 6.4 0.8

Source: Own Elaboration

Figure54 Number of workers over time
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= T3-2027 T1-2028 T2-2028 T3-2028 T1-2029 T2-2029 T3-2029 T1-2030
Total 339 339 339 329 103 103 103 46
m Desalination Plant. 10 10 10 0 0 0 0 3
Methanol synthesis 17 17 17 17 17 17 17 2
Electrolyzer 34 34 34 34 34 34 34 16
mDAC 52 52 52 52 52 52 52 12
® Wind Farm 226 226 226 226 0 0 0 13

mWind Farm mDAC mElectrolyzer m Methanol synthesis m Desalination Plant ~ Total

Source: Own Elaboration

The figures abovshow the construction ancdhstallation phase, which would last approximately
two years, and represents the largest number of potential workers. The operation and maintenance
phase are the stage that generates the fewest jobs.

On the other hand, if we analyze the total number of§ajenerated in the different parts of the
value chain, the wind power plant is the one that creates the largest number of jobs. Additionally,
the entire project would produce 339 direct new jobs in the construction and installation phase, 46
direct jobs inthe operation and maintenance phase, and 253 indirect jobs category.

Amongthe indirect jobs, an important service that should éensideredor the commercialization

of efuels is the testing of the final product to satisfy international staddaBasedon the
interviews performedin the context of the studyinformation was obtained that Universidad de
Magallanes is generating a synthetic fuel testing laboratory, which could generate jobs for no more
than 8 people and could be scaled tapsupply the denandof other projectsin the region.

11.2  Consideration for the incorporation of women into the workforce

In the world, only 32% of the renewable energy workforasoisstituted bywomen(IRENA and ILO,
2021)and in the case of Chilthat participation is limited t@nly 23%during2019(Orellana, 2021)
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Therefore, there is a big gap to cover in this matter and should be considered during the
development of the projet. In 2019the ¢Energy + Womenplan was launched in Chile, this
voluntaryplan seeks to identify opportunities for the incorporation of women in the energy industry
and thus generate proposals to reduce the gap that currently ef&tsistry of Energy, 2020)

Sur

In addition, labor flexibility programs can baplementedto retain, attract, and promote female
talent; measures can also be incorporated to promote women to reach leadership pogKiener,
Vilalba, Aiello, & Beaujon, 202The NCh 32622012voluntarystandard allows to obtainraEquai
Conciliation Seal, therefore, it is recommendedakeinto consideration this standard at the time

of implementation, as it can incorporate the policies and recommendations from the beginning
(Faundez, Peyrin, & Weinstef2()13)

11.3 Services required

The growth of the renewable energy and hydrogen marketktriggerthe creationof new jobs as

it will require new skills, major infrastructure overhauls, and new support servidesce, in
additionto the social benefit ofthe Plant other companies could benefit from participating in the
synthetic fuelindustry providing services during the design, construction, and opergt@ses
Some of these industries are shown below:

1 Construction, which is associated with the earhases of thePlant

9 Electrical machinery amufacturing, which relates to the manufacturing and equipment
procurementphases.

1 Wholesale and retail trade, which may be related to the transportation, muaihtenance
phases.

1 Renewable Energy productiowhich is related to the earlphases allowing these types of
companies to reach domestic customers

1 Biomass crop cultivation or G@navoidable sources storage and transport. Using &0a
feedstock for synthetic fuelbjomasand other unavoidable sources (like the cement industry)
could provide cheapesources of CO BiaCCS is a carbon capture solutigmposal in the
European Union othe biofuels sideand that can serve as a resource feiuels that require
CQ (IEA, 2018)In the case of C{produced by unavoidable sourgethis would help these
types of industries to reduce their emissions acatbontaxes. The capture, storage, and
transport of CQwould be a niche in the domestic market

1 Mining of critical metak. Minerals are essential components in many clean energy
technologies such as wind turbines, power grids, and even electric velfiElas 2021)
Therefore, the demand of these type$ serviceswill proliferate as clean energy transitions
accelerate The Plant, in the construction phase, would require these typesatérials that
could impact directly or indirectly the domestic companies dedicated to this industry

1 Research and Develognt for thedesign operation and scalability of the project.

57 A critical metal is enetal and noametal considered vital to the economfor exampleneodymium in wind
turbines, tellurium in solar panels, and platinum in fuel cells
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In Chile817 largé&® and mediumsized® companieshave beeridentified to participate in the green
hydrogen industry, of which 75% ademiciledin the Metropolitan Region and 25% ailemiciled
in other regiongGlZ, 2020t is worth noting that within this 25% there ane companies domiciled
in the region of Magallanes and Chilean Antarc{@&Zz, 202Q)which would mean an opportunity
for new businesse®r for the companiesidentified to open a branch and create new jobsthe
region

Considering transportation and storage, there may be the opportunity to promote new companies
in the Magallanes region. It could also occur that local companies operating fuel storage and
distribution infrastructure may also provide servicestiew development$GlZ, 2020)And hence,

in these types of services sectargupling could be a good alternative to meet the Plant services
demand

Research and Development liglated to professional, scientifi@nd technical services, which
supporisthe conceptualizatiorand operationstagesof the Plant{GlZ, 2020)or instance, research
goeshand in hand with the development ofew technologythat facilitates theindustry's growth
during its early and late stages, fosteringman capital generation and postgraduate degrees
There are also services related to methanol quality certification in the operation, which is a relevant
requirement of the fuel industry

Re@rding the decommissioninghase, no renewable energy project in Chile has reached the end
of its operational life, buexisting recycling companies céikely carry out thigphase, and new
recycling companies could also be created to cover this s€@tar, 2020)

The following table shows the number of comparire€hilethat could benefit according to size and
pha:

Table38 Potential beneficiary companies in the green hydrogen industry

Project Manufacture and Installation and Operation and Decommissioning
development commercialization assembly of maintenance
of equipment connections
Large 107 89 71 73 71
Medium 196 86 94 99 94

Source(Glz, 2020)

The table abovehowsthe potentialfor improvement of the local economy, particularly of medium
and largescaleindustries. In addition, isestimated that 2,016 smaflcompaniesould participate

in thisindustry, which would also benefit the countrygmall and mediunsized enterprisegGIZ,
2020)

11.4 Community outreach

A project like this has an important impact on the community where it wilcheied out, and
therefore it is necessary to set up a suitable plan for community outreach. A community

%8 |_arge company: Sales volume greater than 100,001 UF(@dZr 2021)
8 Medium company: Sales volume between 25,Q0M0,000 UF/ yeafGIZ, 2021)
0 Small company: Sales volume betwexa01-25,00 UF/year(GIZ, 2021)
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engagement plan should be drawn up based ondBeiide for the participatory development of
energy projects (Ministry of Energy2019) Theguidedeveloped by the Ministry of Energyms to
establish a framework for interaction between the community, companies, and the ,State
promoting sustainable development of investment projecthis guide indicates thaveryproject
dewelopment should be based on certain principles and criteria, suckadyg and continuous
dialogue transparency representativeness respect for human rights and the search for the
common good and sustainable development

Sur

Furthermore, the guidelines psent and explain the actions to be carried out according to the
project phase and corporate policies. Therefore, it is recommended that compasiablisha
person in charge of relations with the territory inhabitants and communities. Moreover, for areas
and territories with indigenous people presence, the participation of experts in intercultural
relations is requiredThese guidelines would be a key strategy to face the preseniceligenous
communities, protected territories and species, and heritaggtes

In addition to carrying out the aforementioned plan, it is necessary to establish relationships with
higher education institutions in the area, in this case, the Universidad de Magallanes (UMAG). It is
proposed to collaborate with UMAG in the preption of the EIA, as well as in the preparation of

the Citizen Participation Plan. This type of collaboration has already been carried out during the
development of other projects, as the agreemerdsmade with Total EREN and KLMMAG, 2021)

In this agreement, it was also agreed to collaborate in the development of research and study
programs that can contribute to the social, environmental, and R&D f{&INAG, 2021)

Theseagreementsconsiderthe exchange of researchers, students, and professors, university
internships at HIF, support for doctoral and master's degree prog(&@inECTRICIDAD, 2021)e
most important point of this agreement is the joint survey loé¢ technical and professional profiles
that will be necessary for the new green hydrogen indu@EyECTRICIDAD, 20&iyen the above,

it is recommended to generate links with the UMAG that can contribute to the currentffothe
academic and technicéklds.

11.5 Conclusions

There is the potential to develop 339 new jobs in Magallanes in the construction and installation
phase, 46 in the operation and maintenance stage, and 253 in the indirect jobs category. These
numbers Wil helpincrease the number of employed people in Magalldhtsat to date are72,330

(INE, 2022)Additionally, up to 8 jobs could be generated with the synthetic fuel laboratory that is
being carried out. It is also imporiato consider the participation of women in the generation of
employment, for which it is possible to participate in plans such as "Energy + Women" or in the NCh
32622012 standard.

On the other hand, 871 large and meditsized companies with the potentito participate in the
hydrogen industry were identifiedeven thoughnone of the companies agomiciledin the region
of Magallanes and Chilean Antarctica. This opens an opportunity for smaller companies located in

" As a referenceENAP Magallanes has 1.098 workers. Methanex informs in its Sustainable Report 2020 that
15% of its workers are in Chile (around 224 workers).
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the region the creation of new compaes, orattract these nordomiciledindustries that could be
tempted to open a branch in the regipimcreasing employability

Sur

The primary services that will be required and will benefit from the Fiaihe early phaseare
going to be constructions setor, research and development, electrical machinery manufacturing,
renewable energy production, mining of critical metals, and biomass crop cultivation and CO
capture, storage and transport. Meanwhile, in tlransportation, andmaintenancephases the
services required will be holesale and retail tradsector.

Finally, a community engagement plan should be made based on the "Guide for the participatory
development of energy projects” (Ministry of Energy, 2019). In addition, relationships should be
established with universities present in the region, with which support can be sought for the

development of the EIA and citizen participation plans.
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12. Activity N° 11ProjectBusiness Model Assessment
12.1 Business Modekructure

Nowadays, there ia privateinitiative in the Region for the production of fossil fuel methanol,

financed by private funds without any subsidy or public policy involved Therefore, the

AYLX SYSyGlFGA2y 2F adzodaARASE O2dzZ R RAAU2NI G2RI &
subsidies mustcomply with providinga minimum concessioally able to reflect the socie

environmental benefitghat this project provide, and improving the competitivity of the project to

compete with fossil fuels commodities

The development of nationalna international green hydrogen projects has shown that such
complex systems require the collaboration of several actors, each one covering a specific part of the
hydrogen value chain. These type of partnerships between companies has helped to redusksthe r
associated with the project, ensuring its funding and development. Moreover, external actors such
as funding institutions, multilateral agencies, and the market itself will also play a key role in the
development of green-enethanol projects.

Figure55 Stakeholders for the development of a green hydrogen project

Critical to scale-up the project

Enabling
infrastructure

Technology capabilities l
/ N
I
i

Technology provider— |
H Renewable generation | —— Market
! |

1
i Technology provider—

d GH2 generation

'

Remunaration |
scheme for green

commodity | Bothinfluence the expected
| Project’s SPV _ User | CO2 reductions and the value
Bl Technology provider—
H GH2 conversion
|
|

Willignes to | of the green certificate.
D o o _ _ Uy M | __ _|
\

e Regulation

Payment for emision reductions

certificates
Financing . Internacional

e donnor
Business model

actors

Concessional

Complementary

actors

Critical to improve
relationship risk-return

Donnors
Chilean Government

Source(GlZ, 2021)

Project developer structure

As it can be seen the Figure abovethe project developer will integrate the technology supply and

services for the construction and operation of the plant, while coordinating the relationship with

the off-taker. Herethe offi I { SNRa Y20A QB A2y (2 LINE Odzbyihel 3IAINBSY
demand or potential regulation that enforces to incorporate this product into its feedstock. Enabling
infrastructure will also be crucial for the project operation, relying on distribution infrastructure,
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ports, laboratories, etc. Funding will reoncessional and private components in the form of
blended funds, where concessional funds will probably be an important milestone for the financial
closure.

FAaSR 2y (2RlFI&Qa 3INBSYy KeRNR3ISyYy LINR2SOGax |
operates and develops part of the value chain (electricity utilities, chemical industries, or O&G
companies), a technology provider interested in the implementation and testing of its technology,
or even the offtaker of the project interested in securingd provision of the green commodity in
the longterm. Each participant could assume more than one role within this generic architecture.
For example, a technology provider could compromise equity to implement a component of the
H2V value chain, or an eagser could monetize their lonterm purchase commitment, as a
contribution to equity for the project.

The following diagram aims to organibe previous conceptim the context of the green methanol
project studied. The diagram illustratéise theoreticalrole of each actor for the development of
the plant. The revenue streams of the project are highlightedblue to illustrate the source of
income associatedo the delivery of the commodity, antb the economic value ofhe green
attribute associated witlthe product.

Figure 108 K2 g6a K2 ¢ (KS (diR@SPEikie@riity tEaSIiikks &l th& components
throughout the development of the value chain. In other words, it is where the design, construction,
and operation are integrated, achievinggtfinal production of the commaodity.

Figure56 Business model of the project
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The methanol consumer may be motivated by regulation or market trends, both of which are closely
related to theexpectations of downstream markets regarding the attributes behind the commodity
they are purchasing. Instead, the technology suppliers will play an important role in guaranteeing
the performance of the project and avoiding cost overruns in its executidrogeration.

Sur

12.2 Off-takers

An increasing global demand for methanol is expected to reach 500 M05§ as seen in the
followingFgure’?, projecting a large potential market for greemeethanol covering 50% of its total
(250 Mt by 2050JIRENA & Methanol Institute, 2021RENA indicates that to produce 250 million
tons of emethanol, it is required to construct 280 methanol plants (with a capacity of 2.500
tons/day) and that the construction of armetharol plant would require about-3 years to build

if modularised and standardised.

Figure57. Renewable Methanol Production Forecast
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Renewable methanol will play a key role in suppaythe low carbon transition for hartb-electrify
applications, such as some heavy or kwagl trucks as well as ship engines. There are some
initiatives to foster this transition, for example, in the European Union, the RED Il directive mandates
that 14% of the energy used in transport should come from renewable sources by(IRBRA &
Methanol Institute, 2021) Another example is the Renewable Transport Fuel Obligation (RTFO)
scheme introduced by the United Kingdom irD80This scheme incentivizes renewable fuels such

as green anethanol by awarding double credits per liter or kilogram supplied. These credits are
known as Renewable Transport Fuel Certificates and can be traded between suppliers of fossil

2The demand projections presented tine Figure, unlike the market size shown in section 3.2, assume an
optimistic scenario for greenmethanol considering, for instance, the maritime industry demand, which was
not considered in the analysis in section 3.2
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transport fuelssuch as diesel or gasoline. In addititme consolidation of grey methanol as a fuel
in many applicationseased the gradual transition to greenrngethanol, considering that the
distribution and transport infrastructure could be reused.

Sur

Furthermore, it is expected that greeangethanol addresses part of the fuel needs for the chemical
industry, light vehicles, heavy trucks, and ships in the longer term as stated previously. Due to its
highroctane rating, methanol is a versatile fuel tizain be employed in internal combustion engines
(gasoline or diesel), hybrid systems, fuel cells, cookstoves, and HtR&NA & Methanol Institute,
2021) For instance, more than 1,000 boiler units consumed 2 million tbnsethanol in China in
2018(IRENA & Methanol Institute, 2028s aransportation fuel for applications such as trains and
heavyduty, emethanol is attracting growing interest in parts of the world, like Israel, India, and
Europe(IRENA & Methanol Institute, 2021 the case of fuel cell vehicles, companies like Ford,
General Motors, Honda, Mazda, Mitsubishi, Nissan, and Toyota had demonstrated in multiple
prototypes the potential of methariaas a fue{IRENA & Methanol Institute, 2021)

The maritime sector use fuel oil and diesel and is responsible for about 3% of all greenhouse gases
(GHG) emissions and 9% of the GHG emissions associated with the transfmortsesidering CO

sulfur oxides (SOXx), nitrogen oxides (NOx) and particulate matter((REINA & Methanol Institute,
2021) The International Maritime Organization has set a goal to reduce greenhouse gas emissions
(GHGJrom international shipping by at least 50% by 2050, compared to 2008 lanels, reduction

of SOx emissions from 3.5% to 0.5%ing efuels one of the possible alternatives or solutions to be
implemented(Ash, N. and ScarbrolgT., 2019)Taking these goals into consideration, compared
with e-gasolineor e-diesel that still emit large amounts of SOx, NOx, BRtinto the atmosphere.
Green emethanol production process is sulffree and, when burned, produces almost no Bl

low amounts of NOx. For example, compared with fuel oil, methanol generates 99% less SOx, 95%
less PM, and 680% less NORRENA & Methanol Institute, 2023)being a good alternative for
methanol duaffueled, and vesds based on fuel cells to reduce all their GHG emis¢imatterton,

C., 2019)Even though the high cost of greenmeethanol, associated with G@apture, this efuel

has advantages that could compete with its other competitors in the shipping sector in the long
term. Furthermore,according to the interviews, it is the most promisisgstainable fueln this

sector. For example,compared with green ammonia (considered the backbone for the
decarbonization of the sectqffiRENA, 202},)green emethanol emits 6B0% less nitrogen oxide,

is less toxic, and doesn't need to be pressurized because it stays in a liquid stdtey iheasier to
handleand cheap in infraestructure tern{&\sh, N. and Scarbrough, T., 20R®ENA & Methanol
Institute, 2021) Liquefied Natural Gad_-NG)is another potential competitor ofmethanol since it

has similar emissions ratedowever, green-enethanol continues to be a cheaper alternative due

to the fact thatmethanol remains in a liquid state, making the infrastructure investment cosrlow

For instance, converting a bunker velsseL NG could cost fifteen times more than converting it to
methanol (FCBI Energy & Methanol Institute, 2015his situation could also be seen in the
refuelling stations, as the cost of the methanol refuelling stationsndar to refuelling stations for

73 Methanex also indicates in 202@s$ainability Highlights, thamethanol used a a clearburning marine
fuel, significantly reduces emissions of SOx by 99%, NOx by 80%, particulate matter by 95% feovdd CO
combustion by 15%when ompared to Tier | vessels running on traditional maffune (heavy fuel oil)
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liquid fuels (i.e. gasoline and diesel) and cheaper than the other competitors such as LNG and green
ammonia that are similar to hydrogen (sEigure below.

Sur

Figure58 CAPEX of Service Station Infrastructure by fuel type
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Although the conversion of the existing large and small ships couldrake than 15 years due to

a new fleet imeeded and container ships are usually written off ove:3R5years (Dansk Energi,
2020) the conversionto methanol could be achieved at a moderate cq$RENA & Methanol
Institute, 2021) Nowadays, more than 20 large ships are powered by methdR&NA & Methanol
Institute, 2021) For instance, companies like Viking line (1 unit), Ocean network Express (11 units),
Stena Line (1 unit), Innogy HTWG Konstanz (2)uaie currently developing ferries, tourist boats
and chemical tankerthat use methanol as fuéChatterton, C., 2019Moreover, companies like
Maersk are developing methanol large powered vessxisected to be operatioraby 2024
(MAERKS, 2021from the interviewstican be stated that a greenrmethanolprovideris being
sought for these types of methanpbwered ships. Hence, it could be affirmed that the demand for
green emethanol will begin to grow as these initiatives increase. For example, as early as 2024,
there could be a demand for greemeethanol fromMAEFRSK vessels.

Methanol also is part of the chemical industry market. Nonetheless, methanol is not the final
product; instead, it is used for producing other chemicals such as formaldehyde, acetic acid, and
plastics. As shown the next figure 69% of mthanol enduse demand correspond to the chemical
industry. The onversion of this industry into a potential market may be a good opportunity, given
that to date it has shown an intention to reach net zero in the l@mm. An example is the Chemical
Industies Association from the United Kingdom, which goal is to achievearetby 2050 through

more than energysaving solutiongheing open to innovative solutiof€IA, 2021)
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Figure59 World 2020 nethanol demand by end use
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One of the green enethanol advantages is that this fuel could be converted into other types of
fuels like egasoline, ediesel, and &erosene, allowing it to be a pivotal step to reach markets where
these fuels are used and set Retro targets. Furtheriore, methanol could be a candidate to be
implemented for more advanced hybrid airplanes utilizing a combination of fuel cells and batteries
(IRENA & Methanol Institute, 2021)

In terms of distribution and transport infrastcture, methanol can also be transported through
pipelines. Moreover, refueling stations dispensing methanol are essentially identical to current
filling stations, requiring very little change in consumer hapRENA & Methanohstitute, 2021)
However, if methanol is used as a transport fagletrofit must be madeo the tank size due tehe

lower energydensity of methanol in contrast to fossil fuels
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Figure60 World methanol demand by géon
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Worldwide, methanol demand is concentrated in China, followed by the rest of Asia (excluding
China), Europe, North America, and South Amdiasacan be seen in the figure abov€hinese
methanol consumption had grown to 54% of global deméviédthanol Institute, 2016)a country

that had promoted methanol as a transport fuel, essentially to decrease its dependaricgorted

fuels. If China decides to change its goals to encourage the use of renewable methanol in line with
the Announced Pledges Scenario (APS), declared in 2020 for reachip@mi€sion peak before
2030 and net zero by 2060EA, 2021h)the Asian countrywon't be able to produce its entire
demand because the theoretical feasiblenethanol Chinese production is only 1.79 million tons
(Bazaluk et al., 2020ust a 2.56% of its total methml production and 2.24% of its demand in 2019
(Methanol Institute, 2021)

In consequence, the potential markets in order or importance (size) are Asia, Europe, and South
America. Although North America currently representgsgmificant methanol demand, with the+e
emergence of North American production, the region could shift from an importer to an exporter
(Methanol Institute, 2016)In the case of Chile, there are existing agreements with Germany and
Japan for green hydrogen expqi®&lZ, 2021c)Considering that hydrogen transportation is still
expensive, it is important to consider that the methanolueathain is a viable option to transport
hydrogen with the lowest final cos(&1Z, 2021cSome of the ports considered in these agreements
are Rotterdam,Antwerp and ZeebrugeHamburg, Chiba, and North RhiWéestphalia ports
expanding Chile's capacity to reach the potential markets mentioned afighze 2021c)

Finally, the low hanging fruit for the development of this market could be using it in blending
applications with fossil fuels like gdis® or diesel for internal combustion engines (ICEs). As a
reference, the use of methanol in a blend with gasoline or diesel, has also grown rapidly since the
mid-2000s. The leadingause for the growing methanol demand in China has been the
implementatian of blending to improve the thermal efficiency of methangMethanol Institute,

2016) (Bazaluk et al., 202D)For instance, Chinese automotive manufacturers offer methanol
powered vehiclesnicluding cars, vans, trucks, and buses able to run on M85 (85% methanol, 15%
gasoline) and M100 (pure methanol), and these vehicles costs are like regulafIBEN$A &
Methanol Institute, 2021)
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In 2017, Methanex, ENAP akdMAG developed a pilot project in Punta Arenas to test methanol
blending in internal combustion engines, with reduced percentages of methanol belo{€ BRE,
2019) Further testings are recommended to verify the effect of salends in the gears and internal
motor components.

Sur

Also, actual regulation of fueis Chilé* considers conditions fanethanol blending witigasoline.
Therefore future regulations must consider blending of synthetic fuels and dids$ed. Ministry 6
Energy is working in the update of Decree N° 160/2009, to adopt the security conditions for the new
liquid fuels that are not based on fossil fuels. Another regulatory aspect that must be addressed by
the authorities is the quality specifications for did synthetic fuels, which could imply a
modification of Decree N° 60/2012. If part of the future synthetic fuels are to be used in the local
market, these modifications are required at least in the #&idn. The Ministry of Energy has
advanced in the redation of fuels and particularly of hydrogen (see the regulatory f)aput is

aware that it is important to advance with this regulation.

12.3 Breakeven price analysis

As developed i\ctivityN° 9; LCOM has been calculated to be between 23000 USD/ton, 5 to

6 times higher than grey methantthded in the international spot market (between 400 and 500
USD/ton for the last five years). This is a challenge for the development of the project since if there
is no offtaker willing to pay five times the price of the commodity, other instruments should be
used, such as carbon market instruments, concessional funding instruments, or a project promoter
that could accept a shotterm economic disadvantage, with the expectation to gain an
advantageous position in the mtd long term.As a good benchmark, iheé LNG market, there is
SELISNRA Sy OS & Stdifilichk, éwdnddd tNeD [ige of the green premium for that
commodity is close to 6% of the commodity price, very low compared with the green premium
calculated in this exercisgnstitute for Energy Studies, 2021)n the other hand, meetings with
stakeholders have evidenced that there is no willingness on paying a high green premium in the
methanol market.

If the project relies on carbon markets to close the viability ,gapcertificate price of 1.800
USD/tonC@would help to reduce the gafully. The certificate price was calculated considering the
emission factor of the Plant obtained from the GHG emission reduction estimation Tool for synthetic
fuel projects(4e, 2021)using as input the parameters specified in the Plant hypothesis of this study.
The reduction of emissions gave a value of 30,218/{€@r. A relevant point is that this Tool
considers the emission reductions from the comlmstemissions that the final consumer stops

74 Decreto 160/2009: "Reglamento de Seguridad para las instalaciones y operaciones de produccion y
refinacion, transporte, almacenamiento, distribucién y abastecimiento de combustibles liquidos".

Decreto 60/2012: "Especificaciones de calidad de combustijaleslina para motores de ignicion por chispa,
petroleo diesel grado B1 y B2, kerosene, petréleo combustible N°5 y N°6"

S FuelsRegulatory Mapof the Ministry of Energy
https://energia.gob.cl/sites/default/files/documentos/mapa_de_regulacion_nacional _de_combustibles.pdf
Regulatory Guide of Fuels in Chile:
https://energia.gob.cl/sites/default/files/documentos/documento_de_requlacion_nacional _de combustible
s.pdf

8 In this market, this means selling a commaodity where itsdifele emission factor has been mitigated
through offsets mechanisms, usually from the supplier.
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emitting when buying green-methanol compared tdossilmethanol's consumption (combustion).

Considering as a baseline the emission reduction from the combustion reflects how green e
methanol would benefit somsectors such as maritime transport with a dual fuel system or vehicles

GKIFG dzaS YSOiKIFIy2t o0fSyRAYy3a IyR GKIFIG 0dz2NY YSGKIFY
reach those prices, as can be seen in the next graph.
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Figure61 Carbon market prices for voluntary and compliance international markets
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Systems and carbon taxes), but it is restricted to each jurisdiction where it develops, retihgcing

possibility of participating in those markets. A voluntangernational market presents prices

between 0.45; 59.17 USD/tonCQwith an average value close to 10 USD/tonG{dwever, higher

prices are restricted to projects based in nature, since there is a huge demand on this attribute

thanks to the cebenefitsassociated with the project and the compliance with Science Based Targets

initiative (SBTi) to become N&ero. For this reason, closing the viability gap with offsets would only

KSt L) 62 NBRdzOS AiGX o0dzi 62y Qi 6S Sy2dz@Kod

Moreover, to fully close the vialifi gap based on subsidies, a contribution equal to 95% of the

project CAPEX would be required (close to 285 MMUSD). Chile is no longer a member of the Official
Development Assistance (ODA) list, sd@sitlso very difficult to receive this kind of fundsr fo

AYVFNF a0NHzZOG dzNBE LINRP2SOlasx SalISOAlLfte F2N G4KS Y
Government assigned 50 MMUSD to six (6) green hydrogen pr¢f@mi®, 2021)n the framework

of its green hydrogen strategy. Ev&anF G0 KSNB G6SNBE &ddzoaARAS& FT2N) 0KSa:
more resources would be intended for these initiatives in the future, especially for the amount

required in this case.

Due to the high CAPEX investment for this project, a potential devetmpsd be a major energy
company interested in investing in a synthetic fuel project. A company that could assume an
economic loss in the shetérm, but in the longterm expects to generate an advantageous position
by a green commodity uprise, which cold triggered by an increase in the demand for the green
product.

A synthetic fuel project will mean a losgrm investment, initially expensive and uncertain during
the first years of operation. Oil & Gas (O&G) major companies are being involved in bé@mewa
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energy projects encouraging the development of these technologies and taking the risk related to
them.

Sur

Companies like BP, Shell, Chevron, Total, Eni, and Exxon have invested billions into clean energy
projects(NS Energy, 2020From these companies, BP was the one that took the risk considering a
long-term horizon, started investing in renewable energy from 1980 looking toward other energy
sources beyond oINS Energy, 20205hell, for exaiple, is investing in projects like SkyNRG, a
project plant that will produce 100,000 tons/yr of Sustainable Aviation Fuel (BWRAS, 2020)
Furthermore, Shell also has the New Energies 2016 strategy, which pursues an tearesigipn

with three main approaches: incorporating new fuels for transport, such as biofuels and hydrogen,
integrating new energy solutions, and connecting customers with new business models for energy
(Shell, NEW ENERGIES, pQmh8iatives as the ones mentioned abademonstrate the potential of

0O&G companies to be part of a project for this magnitude and their willingness to take the risk
associated with it. As well, other initiatives like Net Zero Teesside, where iBBg&mnor, Shell, and

Total are part of an alliance that invested $1 billion from the Oil and Gas Climate Initiativ@fand
2020b) show the willingness to form an association to foster the development of Net Zero projects.

Considering the previous insights, a project of this kind would face several economic challenges and
bringing down the LCOM would require a mix of different initiatives and funds. Among the initiatives
that could help the viability of the project are bgimg down the cost of technologfy catalyzing
climate funds to generate new revenue streams, and identifying an actor willing to invest in the
short-term at a potential loss, but expecting to generate interesting revenues in the long term with
the uprise of a green commaodity price.

12.4 Conclusion

Consistent with current green hydrogen projects, a project sponsor could be an early investor
operating and developing part of the value chain (electricity utilities, chemical industries, or oil and
gas compaies), a technology provider interested in implementing and testisgechnology, or

even the buyer of the projecinterested inensuring the longerm supply of the product.

Unlike the technology providers that will play an essential role in guaramjettie project's
performance and thus avoiding cost overruns, in terms of demand, the methanol consumer may be
motivated by regulation or market trends

Renewable methanol will play a key role in supporting the low carbon transition fortbaictrify
applications, such as some heavy or ldrayl trucks as well as ship engines. Moreover, due to its
highroctane rating, methanol is a versatile fuel that can be employed in internal combustion engines
(gasoline or diesel), hybrid systems, fuel cells, coalestoand boileriRENA & Methanol Institute,
2021) The maritime sector is potential niche because, in line with its decarbonizationagukad
compared to its competitors greenraethanol has advantages ranging from loveenissions, low
infrastructure costs, and easof handing. The chemical industry is also a potential market, given
that to date it has shown an intention to reach net zero in the long term and is one sectors that
demand most methanol. Additionally, onétbe green emethanol advantages is that this fuel could

T Waiting for technology to reduce investment costsnoodify the configuration of the project (using CCU
instead of DAC or backing electricity generation with NG within the boundaries of green hydroggtiotss.
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be converted into other types of fuels likegasoline, ediesel, and &erosene, allowing it to be a
pivotal step to reach markets where these fuels are used and setaret targets. In terms of
countries the potential markets in order or importance (size) are Asia, Europe, and South America.

Sur

The high LCOM of the Plant it is a challenge for its development since if there istaloeofivilling

to pay five times the price of the commodity, othessiruments should be used, such as carbon

market instruments, concessional finance instruments, or a project promoter willing to implement

the solution speculating a price increase in the short term. As a good benchmark, in the LNG market,
there is experie® S & St t AYSIdzoNIHEND 2F/dzSf a2 o KSNB GKS LINROS
commodity is close to 6% of the commodity price, very low compared with the green premium
calculated for this projecfinstitute for Energy Studies021) On the other hand, meetings with
stakeholders have evidenced that there is no will on paying a high green premium in the methanol
market.

If the project relies on carbon markets to close the viability gap, a certificate price of 1,800
USD/tonC@would help to reduce the gap fully. Beside to fully close the viability gap based on
subsidies, a contribution equal to 95% of the project CAPEX would be required (close to 285
MMUSD). Due to the high CAPEX investment for this project, a potential develmuld be a major
energy company, such as O&G, interested in investing in a synthetic fuel project. A company that
could assume an economic loss in the sherin, but in the longterm expecting to generate an
advantageous position by a green commodipyise, which could be triggered by an increase in the
demand for the green product. A synthetic fuel project will mean a-teng investment, initially
expensive and uncertain during the first years of operation.
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13. Activity N° 12Policiesand Strategies Recommendations
The following chapter aigto provide recommendhtions for the Ministry of Energy of Chile and
other public institutiongo facilitate and promote investment in projects such as the Plant defined
in this study.Hence, lased on the information analyzed and the interviews conducted, some
technical, economical, strategic, and environmental recommendatsvasprovided for potenal
policy development:

Sur

13.1 Technical

1 Undertaking additional studies to optimize the concept of the plant considering location,
renewable sources potential, and access to port infrastructuevaluating the possibility of
changing the location to other areas tfe country with more industries nearby may be
beneficial to obtain an industrial source for £&@at does not involve the installation of the
DACsystem that represents 40% of the overall CAREXinteresting alternative to analyze is
to evaluate theimplementation of CCldr Bio-CCS imnavoidable sources and transporting it
to the production site instead of using a DAC system, since the cost could be cheaper in the
short term.For a C@source to be viable, it must be unavoidat§land generate more thn
0.01Mton/yr (GlZ, 2021d)in Chile there are 32 sources that meet these requirements emitting
a total of 18,036 C&kton/year (RETC, 2019The sources are mainly located in the Maule,
Nuble, and BieBio regions, representing 71% of the total.@@issions. Hence, if the Plant
requires 34 kton/year will only consume a 0.19% of the Chileang@tssions available.
Execution timeShort term.nstitution in charge:Project Developer.

1 Generate guidelines for safe operation ariicorporation of green emethanol as fuel for use
in vehicles or electricity generationMethanolis corrosive to some metals, and a technical
standard considering safety requirements to useeyr emethanol in vehicles engines or
guidelines about how modify vehicles engines, could accelerate the process of vehicles
adaptation(Methanol Institute, 2021)As presented in the interviews, safety is a key step to
consicer methanol blending as a possible fuel for vehicles, thereby creating guidelines to use
green emethanol or any syntheti¢uel in Chile would facilitate the adaptation of green e
methanol as transport fuel reducing the emissions of the sedibese guidiénes could be in
line with update of Decree N° 160/2009, and a modification of Decree N° 60/2012.
Additionally, encouraging the deployment of renewable fuels through a quota system would
facilitate price incentives to provide stability for sustained griowind investment. The UK
RTFO regulation is an example of a policy that encourages the use of renewable fuels through
I ljdz2GF &0KSYS Ay O0S Y IRENA RIMStRanol IKshte]ZDRIAIS), QNS RA (1 & ¢
percentage of comtries have encouraged the use of methanol by blending it with gasoline
through local standards, as in the case of China's GB/T standard, the US STM standard for M85
(85% methanol), and the Israeli standard for M15 (15% methairl, 2019; Methanol
Institute, 2019) Execution time:Long term. Institution in charge: Ministry of Energy
Superintendence of Electricity and Fu@&C by its acronym in Spanish), and Ministry of
Environment

8 The sectors considered as unavoidable arergygeneration, cement, food industry, wodddustry, and
paper and cellulose indust{{1Z, 2021d)
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Development of environmental stdies to determine the impact of synthetic fuels on
ecosystemsSuch as the possible cumulative effects of plant construction in a given area, the
impact of wind farms on birds, or the impacts of desalination plants on the coastal ecosystem.
Execution time:Short term. Institution in charge: Ministry of Energy and Ministry of
Environment.

Advantages and disadvantages of a Synthetic fuel plant in the Magallanes Refjinong its
comparative advantages, the Magallanes region has low costs ewadle energy such as
wind power and access to existing ports and pipelines that, to date, have export routes. For
instance, projects such as Haru Oni and H2 Magallanes will use ports in the region, such as the
Mardones port(Aqua,2021) (H2Chile, 2021)From the interviews, it can be concluded that
there is pertinent infrastructure for the project's developmertut it will be necessary to
estimate future demand for port infrastructure and artiaté new actors to share this
infrastructure In addition, since Methanex owns the infrastructure and routes to destinations
such as Asigyroviding services to acceds infrastructurefor green emethanol exportation

could be consideredFinally, the Magllanes region has thderitage routea / | y i dzSy
/ 2 f 2 NthaRpasses through thkigh wind resources districtsf Cerro Sombrero, Porvenir,
Punta Arenas, and San GregdBienes Nacionales, 202®ccording to the interviewkeld,

the restriction and area associated with this route shoulcelaeluaed and limited to provide
certainty to project developers.

13.2 Economical

Encourage carbon pricing, blended finance instruments and quota regulations to reduce the
viability gap: Theeconomics from the analyzed Plant result in a LCOM five times higher than
its fossil fuel equivalenin a market wherehere isno evidence of an intentioto pay a high
green premium foa greencommodity. A carbon market could help to shorten tigiap but not

to fully close it, since averageffset prices ina carbonvoluntary market areclose t010
USDtonCQ, far from the required 1,800SD/tonC@to achieve parity for the present Project.

On the other hand, applyingubsides to shorten the gap auld require to subsid95% of the
CAPEX to fully close the gap, close to 285 MMUSD, which is far from the 50 MMUSD awarded
to 6 GH2 Chilean projects in 202/ith a drastic reduction of the G@nd GH2 pric€§ the
LCOMresultant would still bed14 USDH onMeOH,two times higher than the fossil methanol
price. Thereforecomplementaryinstrumentswould be requiredo reduce the price gap of the
project, among theseaare the optimization of the configuration of the project (for example,
using a CCU systemstead of a DAC system), tlise of carbon market instrumentsising
concessional finance instruments, the implementation of stronger regulations

To implement tle Planta combination of efforts from the carbon market, concessional finance
and off-takers will be required to fully close the viability gap, along with new configuration of
the project or technology cost reduction that could help to lower LCOM of the commodity

On the other hand, encouraging the blending offaels can help to dealop the domestic
market, this would also generate a good instance to generate pilot projects. In Chile, a study

® Considering a B2 priceof 1.5 USD/kg, GQriceequal to100 USD/t, and discount rateof 5%(optimistic
scenario)
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conducted to evaluate the blending of methanol with gasoline found that the optimal blend
was close to 1%, with a maximum close to 2% (infoilmnabbtained from interviews).
However, new tests show that blending with methanol could be used in Fiat vehicles with
minimal modification(DTI, 2019)This could help validate the technology, develop standards,
and decarborde the transportation and/or agriculture sector.
One thing to keep in mind is that if the development and supply of methpowkred vehicles
increase without proper regulation, this could trigger illegal blending. Therefore, illegal
blending should be edronted with policies that clearly define the labeling and sales process.
Execution time: Medium term. Institution in charge: Ministry of Energy, Ministry of
Environment, Ministry of Transport, fuel distributors companies, and isolated fuel consumers.
1  Assss the implementation of pricdased approaches for market enhancement (a Contract
for-Difference scheme)Pricebased mechanisms aim to provide a stable and predictable
source of revenue for clean energy investments to achieve a specific installedtgapas
mechanism would require an intermediary who would handle dowlded® auctions to
conclude longerm contracts between aggregated buyers andypders. Then, a reliable fund
would cover the difference between the offered price from providers #relstrike price for
buyers. The funding would attract private capital with the expectation of creating incomes as
the gap between costs and price decreases. Hence, when the technology becomes more
competitive, reducing the price of greenmgethanol, andthe demand for synthetic fuels
becomes greater, this cogrrice gap would be inverted, allowing to recover the funds.
Therefore, it would be like a refundable grant that ensures a minimum concessionally. This
measure would provide investment security anduid suit mainly expororiented clients who
are willing to pay a premium, such as the case of the Oil & Gas or the maritime sector. Yet, it
could also target domestic industrial consumers' demand (for example, blending applications).
Moreover, a ©ntract-for-Difference (CfD)mechanism would install, ensure, and monitor
optimal environmental and social criteria for the proposals accepted in the auction pfacess
Executiontime: Medium term.Institution in charge:Ministry of Energy

Sur

13.3 Strategic

9  Prioritize unavoidable sources for the development of synthetic fuel industdentifying and
prioritizing the production of duels with unavoidable sources would improve the
competitiveness of duel initiatives, in this line, the CCU will be more coftitpe than DAC
systems.

Moreover, the creation of a company to capture the unavoidable @@ then transport it to

the different areas where it will be used can be encouraged. This would make the
implementation of a CCU easi&xecution timeMedium tem. Institution in charge:Ministry

of Energy

80 A doublesided auction aims to obtain the most competitive price from the supply side and simultaneously
obtain the highest availability to pay from the demand side.

81 The CfD schemis being implemented through the H2Global initiative to bring supply and demand closer
together with a double auction mechanism. An intermediary (HINT.CO) handles the auctions, whose
objective is to conclude loagrm purchase agreements on the supplyesghd shortterm resale

agreements on the demand side. The intermediary compensates for the difference between the offer and
the asking price through financingor more information seéttps://h2-global.de/
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Encourage the development of professionals in Clidea synthetic fuel industryldentify the

work force gap for the development of synthetic fuel projettMAG has alreaddentifiedthe

gap that exists in working capital and therefore the development of professionals and/or
technicians should be focused on reducing the gap that was identf@dexample, laboratory
technicians specialized in synthetic fuels or wind turbine spstsalivho can participate in the
synthetic fuels industry, specialized in different parts of the value chaimthermore
international cooperation should be encouraged to share knowledge and create jobs.
Partnerships between new developers and universisbould also be encouragdexecution
time: Short term.nstitution in charge:Ministry of Energyand Ministry of Educatian

Facilitate and encourage sectezoupling This means the reuse of existing infrastructure as
pipelinesand transportor the complenentary use of ports-or example n some cases, a good
alternative to face the elevated cost of DAC is to generateethanolfrom the CQ obtained

from abio-methanolplant. Therefore, if one project considers the production of-hiiethanol,

this projed could be coupled with a greenmaethanol project in the same locatiqhRENA &
Methanol Institute, 2021)Execution timeShort termlnstitution in charge:Ministry of Energy
Encourage agreements with Asi@ountries:Asia already has experience in working with fossil
fuels and is a large consumer of methanol. Therefore, a strategy to generate agreements with
Asian countries would help facilitate the demand for synthetic fuels, especially green e
methanol. Anexample of thetype of agreement that could be signed isMemorandum of
Understanding (MoU) with South Korea to share experiences and knowledge between both
nations(Mineria Chilena, 2021 his is a key agreemiefor ChileasKorea is a key political and
commercial partner in Asia, being one of the largest hydrogen marketge world (Mineria
Chilena, 2021). These agreements open the possibilitpltatboratingn GH2derivatives, such
asgreenmethanol.In addition, Japan has thgotentialto be apartner in the methanol market
given the low transportation costs despite the long distanbetveen ChilgGlz, 2021e)lt
should also be considered that there are alngadethanol export routefrom Chile to Asian
cities, such as Tokyo, Seoul, Beijing, Shanghai, and Hong Kong, from PuntaEenaion
time: Short term.nstitution in charge:Ministry of Energynd Ministry of Foreign Affairs.
Develop policies and strategies encouraging the use of synthetic fuels in the domestic
maritime demand:Given the characteristics of the maritime transport demand, this sector
could early adopt synthetic fuels and have a higher likelihood of passing on costsl to en
customers. Furthermore, the International Marine Organization (IM@% established a
reduction of sulfur emissions from 3.5% to 0.5%, which has been implemented in Chilean ports
according toinformation gathered in theinterviews. These voluntary reqgeiments will
become mandatory as demand adopt these strategies, and Chile will need to impléraent
Chile has more than fifty ports and harbors. The top ten ports in Chile, San Antonio, San Vicente,
Quintero, Mejillones, Coronel, Huasco/Guacolda, Vaisar, Caldera/Calderilla, Caleta Patillos,
and Puerto Ventanas represent two thirds of the national total commetizialghput andare
located in the northern half of the countr§Ash, N., Sikora, I. & Richelle, B, 20B3&d on
trade activity, the hypothetical bunker oil consumption of merchant fleet visiting Chilean ports
is approximately 15,000 #day (Ash, N., Sikora, I. & Richelle, B, 20%8jich is equivalent to
12,675 ton/day (with bunkeoil density of 0.845 ton/m3)n this marketthe companiesvould
preferthe harbor that offers reasonable prices matter the location and would be willing to
pay a green premiumTherefore, thecompetition will be based on price and the sustainable
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attributes associated with thigreen emethanol. For this, it will be necessary to reduce the
final fuel price as much as possible (i.e., using blended finance mechawmisrather CQ@
sources as CQUand ensure compliance with hidgével environmental créria. These
environmental criteria include: use greenfield renewable energy projects, prioritizgridff
renewable production over the use of renewable supply contracts, incorpdiatesurement,
Reporting and Verificatio(MRV) mechanisms in the projecbtguarantee the quality of the
commodity, ensure a stable source of &©m unavoidable sources
Hence, developing policies and standards that regulate this process and encouraging synthetic
fuels according to IMO strategies would facilitate integratimig demand. Moreover, to date
the IMO states the key role of ports in the decarbonization of shipping. IMQaretstrategy
promotes the cooperation between ports and shipping sector through encouraging, for
example, safe and efficient bunkering of attative lowcarbon and zeraarbon fuelg(IMO,
2019) Execution timeMedium term.Institution in charge:Ministry of Energy and SEC

1 Development of policies to incorporate synthetic fuels in Chilean ports. Due to the location a
geography of Chile, a potential market is the maritime transport sector, specifically ships that
dock and sail in Chile and need to ref(#&h, N., Sikora, |. & Richelle, B, 2019)

Sur

13.4 Regulatory

1  The Ministry of Energy musitack and ensureéhe consistency ofegulatory changes made to
the law or decrees that affect the development of this type of project. For exampleptinent
discussiorof the law to regulate the construction of wind farfAs also amending the Law on
General Bases of the Environmgtiario Constitucional, 2021There is als@ proposal to
modifythe use of seawater for desalinati&whichseeks to establish that the water resulting
from a dealination process constitutes a national asset for public serdioether proposal
plansto create a National Desalination Strategy to develop guidelines and priorities for the use
of seawatern(Senado, 2019A new regulatiorobliges desalination projects to have 2 years of
data collectiof*. Another relevant point is to follow up constituent process to lower the level
of uncertainty that exists today with the future of this type of project in the country and
consider possiblehanges that would impact or benefit hydrogen or synthetic fuel projects.

1 Magallanes already has regulatory instruments that favour investments in the region, such as
Law 19.606 (Austral), Law Navarino for Tierra de Fuego (duty and VAT exemptions) and the
economical conditions of Free Zone. However, additional instruments could be studied by the
authorities to promote green hydrogen investments, with special tax or incentive regimes as
others implemented recently in the region by other countff¢bat arealso planning to export
green hydrogen derivatives.

82There is a proposal of law that is under discussion in the Congress to regulate the construction of wind farms

(Boletin N° 144432 of the Deputy Chamber).

8BoletinN° 116081 p 2F GKS { Syl IS8R &KAFADI GTARYRSBF{ BY I GA2ZYED
8h Sg NBIdzZ | (A 2 y-Guid phkda evdluad®dSambiéntafd&proyectos industriales de desalacion

en jurisdiccion de la autoridad maritima.2 @ H A H M £

8 Colombia approved Law 2099 in July 2021 (which modified La&/2014), to inclale green hydrogen as

a non conventional renewable sourc&he investmentsgoods, equipments and machinery used for the
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1  Execution timeShort term.nstitution in charge:Ministry of Eneryg, Ministry of Finance

Sur

13.5 Conclusions

Market signals that allow the implementation of these types of projects are necessary, given a
relevant feasibility gap. One of thequired changess the decrease in technology prices. For
example, the decrease of DAC pri¢&hkich represent 40% of thetal CAPEp&nd/orthe obtention

of CQ from other sources through CQ¥ BioCCSechnology could be positive for reducing the
CAPEXCaturing CQin other regions of the country and transporg it to the Plant in Magallanes

is another option, appareit cheaper than the others. However, the GHG emissions of the transport
medium (road or ship), could affect the green attributes of the projeotation ofa synthetic fuel

plant in other areas of Chileould also be analyzed, considering a tradeoff betar renewable
energy sources and G@edstock sources

The maritime sector is a potential market due to its h&oeklectrify characteristicThanks to the
comparative advantages that methanol haih other sustainablefuelsand the willingness of the
industry to pay a green premiunshippingis a relevant niche for-methanol at the international
and national levelsHencejt should beconsidereda key product tdacilitate the adaptation of this
sectoroffering a competitive duel that meets internatinal standards

Another market niche that should be considered for policy development is blending methanol with
gasoline, an option requiring specific regulations about safety issues, storage, and trafi$yort.
Ministry of Energy is advancing with the niachtions of security rules for sustainable liquid fuels
(Supreme Decree N°160/2009) and technical specifications of sustainable liquid fuels (Supreme
Decree N° 60/2012), but this task requires additional priority.

Collaboration between private developeand Universities will be crucidibr the advancement of
work force training and the creation of capacities of local small and medium companies

It is relevant to consider that the Government must persist in its strategy of signing international
agreenents with countries that have potential efékers,such as Asian countriefs facilitate the
development of synthetic fuels in Chile.

production, storage, conditioning and distributiof hydrogen will benefit from theledudion of income tax
VAT and dutieexemption, and acceleratedeprecidion.
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14. Activity N° B: Final Workshop
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The final workshop was held in English through the zoom platform and was recorded (the video will
be deliveredto the IDB and the Ministry of Energly the Consultant The event was created as a
seminar to allow a more comfortable interaction between theaties. The invitations were sent in
Spanish and Englishith the schedule of thavorkshop, and a request to registierthe event. Once
registered, the link to the event was sent personalized to each person. The presenters were Natacha
Marzolf (IDB), Gailo Aviles (Ministry of EnergyRafael Caballero (ED¥hde9, Rodrigo Garcia
(ImplementaSur), Cristina Figueroa (ImplementaSur), Camila T&R#ingeum),Stephan Seidelt

(EIFEFEDF, andt | 6t 2 / NMzZl o/ 2y adzZ Gl yioo®
I v & ¢ S NA ¢andaBs@erekl at yhe end of the presentatiand by email.

14.1  Workshop Structure

Table39. Structure of the Workshop

¢ KS estiodsS8a (A 2 v a

Welcome to the
event (15 mins)

Reception & generalverview by EDF | EDF (Rafael Caballero)

Introductory Words, and objective an
motivation of the project

IDB (Natacha Marzolf)

Introductory Words

Ministry of Energy(Camilo Avilés)

Summary of
methodologies &
results (55 mins)

Technical analysis ofynthetic fuel
production

EDF (Stephan Seidelt)

Commercial analysis ImplementaSur (Cristina Figueroa)
Pablo Cruz

Evaluation Matrix of Synthetic fuels EDHAngeum(Camila Torres)

Technologies and providers

EDHngeum(Camila Torres)

Infrastructures, supplies & sizing of th
plant, Plot Plan

EDHAngeum(Camila Torres)

CAPEX, OPEX, LCOM EDHngeum(Camila Torres)

Timeline and social, environmental
territorial challenges

ImplementaSur (Cristina Figueroa)

Interviews ImplementaSur (Cristina Figueroa)

Jobs & Services, Business Model ImplementaSur (Rodrigo Garcia)

Recommendations ImplementaSur (Rodrigo Garcia)
Questions (20 mins) Q&A Moderation EDF (Rafael Caballero)
Closing(5 mins) Closing remarks EDF/IDB/Nhistry of Energy

Source: Own elaboration
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14.2  Workshopassistancetatistics

A total of 78 people were invited to the eventjth the possibility taresend the invitation tahree
other people from thér own institution, reachinga total of 121 peoge invited to the event. 63
personssubmitted the formand received the link to the eventhere wasa total of 32 different
registered institution®, of which 26 attended the event (as can be seen in the following graph)

Figure62 - Institutions Registeretbr Workshop

INSTITUTIONS REGISTERED

mAttend mDidn't attend

Source: Own elaboration

The number of attendees reached 64 peophdthout counting the panelistdviostof the attendees
were related tothe company's business, finance, or busineevelopment positionsaand also
professionals from the academia

The name of the institutions and companies that attended the Workslisfed in alphabetical
order, is the following:

Aes Chile, AME, Asesorias Enersur Ltda, Asociacion de H2 Chile, Ax€n#hBR Copec, CORFO,
Enap, EnexGHD, GlZ, Gore Magallanes, HIF, Ifpen, Methanex, Ministerio de Energia, Seremi de

Energia, Siemens, Sowitec, Total Etniversidad Autonoma, Universidad Catolica, Universidad de
Magallanes, World Bank Group.

The questinsand answerssked during the workshop can be seen in the following table.

Question Answer
What is the market value FOB/cHErope that| The study didchot focus onofftake prices, however i
was considered for the prieasibility study? can be said that green-methanol prices are no

available in the market today. There are
announcements of MoU signebtly developers anc
offtakers but offtake prices are not disclosethe fossil
methanol prices were analysed, bause they are ¢
reference For example, prices forconventional
methanol from natural gas havearied between 300
USD/ton and 500 USD/ton in the last decad@iture

8 Detaik about the institution@nd companieshat registered and attened, canbe found in Anned5.29

161



q
* < €DF

/"3
/
\

Sur

Question

Answer

prices of emethanol will be also affected by carbd
taxes, which adds uncertainties toipe forecasts

What data did you consider for the dimensioni
of the wind farm? Does the project include back
generation? What plant factor did they get?

| understand that the methanol plant needs a hi|
capacity factor, which means a stable electrig
connection. Have you taken this into accoui
since you are feeding it with intermittent energy

Because in the proposed location, there is

possibility of connecting the wind farm to a
electrical network, the wind turbines will work i
GAaflyRé Y2RS® 2KI G 3
maintain the electrical balance of the park due
the intermittence of the wind resource?

Do you have the values for the LCOH and
levelized cost of carbon captured?

Regarding the wind farm ands dimensioring, a
sensibility analysisvas done forthe wind farm's
capacity considering the electrolysis capacity of 30
defined to determine which size of WF was the b
option (i.e., resulting in the lowest LCOH). Or
defining the wind farm capacity and considered loss
(like internal losses from the Wind Farm a
transmission line losses), we could determine t
number and type of turbines to be considered for t
project. The gross capacity factor resulted in 62%,
the net capacity factor resulted in almost 55% at f
process plant inlet.

Regarding backup gersion, we considered
emergency energy backup systems and backup sys
that would allow maintaining the equipment o
standby mode when there is not enough wind. This V
addressed with gas or diesel engines with a CAPE
approximately 2.5 million dolta that have to be adde
to the CAPEX showed.

The methancgasoline  blending  projec
mentioned in Chilewas the one developed bj
Methanex?

The pilot project referreds effectivelythe Methanex
pilot projectin Punta ArenasOther pilot projectsfor
methanol in vehiclesre also named within the stud
that could serve as a reference for future projects.

162



J
% S €DF O

1LaSur

15. Annexs

163



‘
©seoF @,

15.1 Annexes for Activity 1

Sur

The following Annexes present the Technology Fact Sheets for each one@ftitéuels analized

15.1.1 Technology Factsheet: €0 Methanol
Reaction equationCQ + 3h -> CHOH + KO + 50 kJ/mol

Process descriptionH, and CQ react n an exothermal CuO/ZnO/AlI2© catalyzedreaction to
methanol, water, and heat. The process runs typycal temperature of 206250 °C and at 380
bar. However,conversiorrate of CQ in direct methanadtion is only about 2035%, so recycling of
unreacted gass is mandatory for high efficienciellethanol upgrading comprises twmlumn
distillation. The process heat from the synthesis reactor generates steam, wiogitdes some heat
for distillation Hectricity ismainlyrequiredfor compressin of CQand H to reaction pressure.

Simplified mass & energy balance:

| uh
1S H Tan
|y —5—
M L ashi
/| AR ———
M2 T ann a?
I ST 0

Low-carbon alternatives; The only other way to produce methanol from nfossils sources are
from biomass/wastes via gasification and catalytic syngas conversion to methanol.

Parameter Value

Net water consumption 2,2 kg HO/ kg methanol

CQ 14 kg CQ@ kg methanol (95%arbon efficiency)

Energy balance Net electricity & heat consumption (heat from reactor < heat for distillati
Process steps 1 (methanol synthesis)

TRL 8

Powerto fuel efficiency 55% (65% electrolysis; 85% methanol synthesis)
Production costs 800 US$/t methanol (x15%)
(Electricity 25 US$/MWh; 300 US$/t £0500 US$/t b

164



‘
©seoF @,

Sur

15.1.2 Technology Factsheet: £© DME via Mthanol
Reaction equation:2 CQ+ 6 H-> (2 CEOH + 2 kD)-> CHOCH + 3HO + 73 kJ/mol

Procesdlescription:Methanol is produced from G&@A I RANB OGO YSGKI yaRI GA2Y 0O
to Methanola 0 @ ! FGSNB I NRa X 0 K&er¥lialknming 2atalysisér z8ofdé &R NJ (i S R
250-400°C and 130 bar into DME. Upgrading of DME in a f®aumn digillation is similar to

methanol. Bectricity ismainly requiredfor compressn of CQand H to reaction pressureDME

synthesis isommerciallyavailable, several larggcale plants run in the world.

Simplified mass & energy balance:

IHh IHh
| 130 TnZy ) TnZn
H aShlil M
> > - » 5a9
M2 N
Ik HZn
anc a? l!‘lZM a?
I ST I SI 0

Low-carbon alternativesDME is considered as a clean substitutediesel;so, all low-carbon diesel
fuels arepotential alternatives: biodiesel from oil crops, diesel from biomass/waste gasification +FT
as well as hydrogenated vegetable oils.

Parameter Value

Net water consumption 2,6 kg HO/ kg DME

co 2,0 kg C@ kg DME

Energy balance Net electricity consumption and net heat production (heat fro

both reactors > only heat for DME distillation; no high metha
purity not required)

Process steps 2 (methanol synthesis & DME synthesis)

TRL 8+8

Powerto fuel efficiency 50% (65%lectrolysis; 85% methanol synthesis 90% DME)
Production costs 1035 US$/t DME (£15%)

(Electricity 25 US$/MWh; 300 US$/t CO2; 1500 US$/t H
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15.1.3 Technology Factsheet: €0 Gasolinevzia Methanol

Sur

Reaction equation: 1. CQ+ 3H-> CHOH + HO +50kJ/mol
2. CHOH-> (-CH-) + HO + 56 kJ/mol

Process descriptionMethanol is produced from G@A I RANBOU YSUOKI yeoRl GA2Y 6
to Methanoi 0 @ ! FGSNB I NRAX YSUKFIy2f Aa O2YyIWHMNGESR Ay al
bed orfluidizedbed procesdatter one not demonstrated at large scale so fafeTixedbed

process is carried out in two steps. In the first step, methanol is dehydrated to dimethyl ether. This

step is carried out catalytically at pressures between 14 and 24 bar and temperatorgsd 400

°C. In the second step, the dimethyl ether is convertedasolineon ZSMb catalyst atthe same

temperature and pressure range. The catalgsictivation through coke formation during éh
processrequires a regularly ofburning In the fluidzed bed process, the dehydration of the

methanol takes place in the same step as the conversion of the dimethyl, etitaracontinuously

discharge and regenetian of the catalystDue to the catalyst pore sizes, no carbohydrates with

more than 12 Carboatoms are formed, resulting in higjuality gasoline fuel mixture, with only

minor posttreatment requirements (durene reduction). I€€tricity is mainly required for

compresan of CQand H to reaction pressure, the plant is a net heat producer.

Simplfied mass & energy balance:

IHh IHh
2 M >
|an TM " & T °
X ash| M2 D2t
I h H2ZT nz@[tD
0OXT
lMZH a lMZO a
I ST I SI 0

Low-carbon alternative:For gasoline, bioethanohydrogenas well aslectricity/batteriesare the
low-carbon alternatives for gasoline usage

Parameter Value

Net water consumption 4,3 kg HO/ kg gasoline

ofe} 3,6 kg C@ kg gasoline

Energy balance Net electricity consumer and heat producer

Process steps 2 (methanol synthesis & gasoline synthesis)

TRL 8+8

Power-to fuel efficiency 52% (65% electrolysis; 85% methanol & 95% gasoline synthesis’
Production costs 1700 US$/t product (£15%)

(Electricity 25 US$/MWh; 300 US$/t CO2; 1500 US$/t H
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15.1.4 Technology Factsheet: €0 KeroseneviaMethanol

Sur

Reaction equation: 1. CQ+ 3H-> CHOH + KO + 50kJ/mol
2. CHOH-> (-CH-) + HO + 56 kJ/mol

Process descriptionMethanol is produced from G&A I RANB OGO YSGKIy&X [ GA2Yy 0
to Methanokk 0 2 (G KS adz0aSljdzSyd (1SNRBaSyS LINRRdAzOGAZ2Y S|
Methanol is converted into kerosene via MTSynfuels process. First, natisadehydrated to DME

and water similar to MtG. Subsequédyntthe mixture is converted in a second reactor over zeolite

catalysts into &G olefins. These olefins form through oligomerization, hydrotreatment as well as
fractionation a middle distillateerude with roughly 40% diesel, 50% kerosene and 10% gasoline

fractions. Therefore, the methantb-kerosene process and its product composition resembles

more the FT than MtG process. So far, no industrial demonstration plant is run on this process.
Howe\er, all process steps methanolation, olefin formation (weknown as widely applied
methanotto-olefin process) as well as the upgrading of syncruate fully commercialized.

Simplified mass & energy balance:

IHh IHh
HXC
| ns T THZC
H ~
| aShl M LYSNER A
nxc 1
/ h M_ %68 LINR
c2o
lHZI‘I a? lHZO a?
I SI @ I SI @

Low-carbon alternative:Due to the difficulties of electrification or direct hydrogen use for aviation,
many different fuels are envisaged to replace fossil kerosene in the futuréjliké\, bioethanol or
butanol via alcohato-jet conversion and FT fuel from gasification ofrbass & wastes or GO

Parameter Value

Net water consumption 7,3 kg HO/ kg kerosene

CQ 6,3 kg Ce kg kerosene

Energy balance Net electricity consumer and heat producer

Process steps 3 (methanol & syncrude synthesis & upgrading)

TRL 8+8+8

Power-to fuel efficiency 50% for syncrude (65% electrolysis; 85% methanol; 90% kerc
synthesis)

Production costs 1800 US$/t product (£15%)

(Electricity 25 US$/MWh; 300 US$/t CO2; 1500 US$/t H
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15.1.5 Technology Factsheet: €0 Kerosene via RWGS & FT

Sur

Reaction equation:

1. RWGS CQ+hH ->CO + D-42 kd/mol
2. FT CO +2pH>(CH-) +HO +160 kJ/mol
Total: CQ+3H->(CH-) +2HO +118 kJ/mol

Process descriptionCQ and hydrogen are converted into syngas (C{pAHrough RWGS. The

syngas is then synthesized to syncrude via Fischer Tropsch process and upgrade to fuels. RWGS is
an endothermic reactiomf CQ with H; to produce CO and wate&o, tte reaction requires hda

and runs at temperatures between 8dMO0 °C and at pregres up to 30 barsome electricity is

required for gas compression. The RWGS plant is a net electricity and heat con$\itier.
additional hydrogen, syngas composition can be adjusted for fusiathesis. C&conversion is
assumed to be 100%.

In FT,syngas is convertedith iron or cobalt catalysténto a waxy FT syncruddhs syrrude
consists oflong chainhydrocarbonsand is subsequently upgraded by a hydroisomerisation
hydrocrackingoligomerization, aromatizing, alkylatiamd distillation to the desiretuels With FT,
diesel, kerosene and a light fraction used for energy are produced. Their product ratios can be
adapted in some range, maximizsiare for diesel are 60% and 5086 KeroseneThe light fraction

share is arand 1525%. CO conversion is assumed to be 88%. Th&afilis a net electricity and

heat consumerand so also the combined RWGS & FT plant

Simplified mass & energy balance:

IHh IHh
H2C THZC
| v M T ¥ = 4 M A «
aeys —» 1 SN2 a
/ n2c >0 8 LINRF
cZzo T l Mot
1,7 MWh 6,3MWh
| SI @ | ST i

Low-carbon alternative: Defossilation of aviation idifficult; but, many diférent substitutes for
fossils can contributddEFA, bioethanol or butanol via alcotoijet as well as Cbased fuels.

Criteria KPIs

Net water consumption 7,3 kg HO/ kg kerosene

CQ 6,3 kg Ce kg kerosene

Energy balance Net electricityconsumer and heat producer
Process steps 3 (RWGS & FT crude synthesis & Upgrading)
TRL 6+9+9
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Powerto fuel efficiency 49% for FT syncrude (65% electrolysis; 100% RWGS; 75% FT)

Production costs FT products: 1700 US$/t syncrude (x15%)
(Electricity 25 US$/MWh; 300 US$/t CO2; 1500 US$/t H
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15.1.6 Technology Factsheet: €0 Diesel via RWGS & FT

Sur

Reaction equation:

1. RWGS CQ+H >CO+1iD -42 kd/mol
2. FT CO +2pH>(CH-) +HO +160 kJ/mol
Total: CQ+3H->(CH-) +2HO +118 kJ/mol

Process descriptionCQ and hydrogen are converted into syngas (C{pAHrough RWGS. The
syngas is synthesized to syncrude via Fischer Tropsch process and upgrade to fuels afterwards. For
RSGFAfAaZ XOBYCNRESKSS@WAd w2D{ 3 CeCéo

Simplified mass & energy balance:

IHh IHh

THZM T HXM
(" nzrt v s M N A

aeys: — »RASasS
/I h 02y | > GRLINEF
pZH nzrT
1,4 MWh/t 5,3MWhit
I S| 0 I ST

Low-carbon alternative:Due to the difficulties of electrification or direct hydrogen use for aviation,
many different fuels are envisaged to replace fossil kerosene in the futuréjliké\, bioethanol or
butanol via alcoheto-jet conversion and methandb jet fuels from C@

Criteria KPIs

Net water consumption 6,1 kg HO/ kg diesel

ofe} 5,2 kg C& kg diesel

Energy balance Net electricity consumer and heat producer
Process steps 3 (RWGS & FT crude synthesis & Upgrading)
TRL 6+9+9

Powerto fuel efficiency 49% (65% electrolysis; 100% RWGS; 75% FT);
Production costs FT crude: 1700 US$/t (x15%)

(Electricity 25 US$/MWh; 300 US$/t CO2; 1500 US$/t H
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15.1.7 Technology Factsheet: €0 Diesel via G&lectrolysis & FT

Sur

Reactionequation:

1. Coelectrolysis 2CQ+4HO ->2CO+4H3Q -260 kJ/mol
2.FT 2CO +4H ->2(CH-)+2HO +160 kJ/mol
Total: 2CQ+2HO ->2¢(CH-)+30Q -100 kJ/mol

Process descriptionCQ, hydrogen and electricity are convertento syngas (COHiand oxygen

through coelectrolysis in adid-oxide electrolyser(SOEC)The syngas ratio at the outlet depends

on the C@H-0 conversion rate. SO&Gperate between 650000 °C anénablehigher efficiency

level than otherelectrolyser 80% today and 90% (HHV) envisaged in the next y€heselectrical
efficiencies couldbe even moreincreasedup to % % if heat and thermal coupling to exothermal
processedike Fischer Tropsch. Firstb@nstration plant is running, next upscaling to 0,1 and 1 MW

are currently ongoing. The syngas is synthesized to syncrude via Fischer Tropsch process and
dzLJANI RS (2 FdzSta I FOGSNBI NRaP CQiNKeSeindviaRWGSi2 C¢
&FE o

Simplified mass & energy balance:

hH IHh
n>o TpZT THZM
b 58y 3 M L RASES
oy > 0B LINRF
I h 3 anoe INP
p2H MN12ZO0 lpZo a

t 298 | ST i

v A A oA

7]
Low-carbon alternative:d SS CIl CG®wRES&ESEE OAlF w2D{ 3 C¢¢d

Criteria KPIs

Net water consumption 2,2 kg HO/ kg diesel

ofe} 5,2 kg C& kg diesel

Heat surplus/waste heat Net electricity consumer and heat producer

Process steps 2 (Coelectrolysis is an upstream process like for PEM/AEL for ¢
factsheets; FT crude synthesis & Upgrading)

TRL 6+9+9

Powerto fuel efficiency 60% (80% electrolysis; 75% kerosene)

Production costs FT crude: 1750 US$/t (x15%)

(Electricity 25 US$/MWh; 300 US$/t £2600 US$/t H)
Higher H costs due to higher CAPEX foradectrolysis
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15.1.8 Technology Factsheet: €0 Kerosene via CBlectrolysis & FT
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Reaction equation:

1. Coelectrolysis 2CQ+4HO ->2CO+4H3Q -260 kJ/mol
2.FT 2CO +4H ->2¢(CH)+2HO +160 kJ/mol
Total: 2CO0+2HO ->2(CH)+30Q -100 kJ/mol

Process descriptionCQ and hydrogen are converted into syngas (CtHrough ceelectrolysis.
The syngas is synthesized to symle via Fischer Tropsch process and upgrade to fuels afterwards.

A = o= oAz

C2NJ RSGFAT aGQtadeSevieCaS i SWERNR T daAa 3 CCed

Simplified mass & energy balance:

hH I Hh
Tc P2 TH >c
|Hh M . r M ™ A L A
aeys: — » RASAasS
nc — > 08 LINRF
I R M
czo0 M1 2o lc 20 a
t26S I ST i
Low-carbon alternative:a SS CI CO®KSBBR a8y S GAlI w2D{ 3 CcCé&dD
Criteria KPIs
Net water consumption 2,5 kg HO/ kg kerosene
CQ 6,3 kg Ce kg kerosene
Heat surplus/waste heat Net electricity consumer and heat producer
Process steps 2 (Coeelectrolysis is an upstream process like for PEM/AEL for ¢

factsheets; FT crude synthesis & Upgrading)

TRL 6+9+9
Power-to fuel efficiency 60%(80% electrolysis; 75% kerosene)
Production costs FT crude: 1750 US$/t (x15%)

(Electricity 25 US$/MWh; 300 US$/t £2500 US$/t H)
Higher H costs due to higher CAPEX foradectrolysis
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15.1.9 Technology Factsheditethanol

Criteria

KPIs

GWPpotential eMethanol
GWP potential fossil Methanol
Flash point

Seltignition temperature
Explosion limits

Water solubility

GHS classification

Vapour pressure
combustion emissions
Energy density

H2 content

300 gCQeg/kg methanol; adapted fronfLiebich, 2020)
1900 gCQeq/kg methanol; adapted fronfLiebich, 2020)

10°C

455°C

6-44 vol%

Up to 100%

Flammable Liquid class: 2

Acute Toxicity class:(8ral)

Acute Toxicity class:(@ermal)
Acute Toxicity class:(Bespiratory)
STOT Sélass: 1

Not classified as hazardous to water
0,00128 bar @20°C

No soot, no particles

5,5 kWh/kg LHV (6,3 kWh/kg HHV)
12,5 wt%

©e®
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15.1.10 Technology FactsheddME

Criteria

KPIs

Sur

GWHPpotential eDME
GWP potential fossil DME
Flash point

Seltignition temperature
Explosion limits

Water solubility

GHS classification

Vapour pressure
combustion emissions
Energy density

H2 content

350 g Ceeg/kg DME; adapted frorfLiebich, 2020)
2600 g Cerg/kg DME; adapted frorLiebich, 2020)

-42°C

240°C

3-32 vol%

70 g/l @20°C

Flammable gases class: 1
Gases under pressure: liquified gases

Slightly hazardous to water

5,1 bar @20°C

No soot, no particles

8,0 kWh/kg LHV (8,8kWh/kg HHV)
13,0 wt%

D@
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15.1.11 Technology Factshedkasoline

Sur

Criteria KPIs

GWP potential €5asoline 400 g Ceeg/kg gasoline; adapted froifiiebich, 2020)
GWP potential fossMethanol 3500 g Cexrg/kg gasoline; adapted froifiiebich, 2020)
Flash point -35°C

Seltignition temperature 245°C

Explosion limits 1-8 vol%

Water solubility Not available; neglectable

GHS classification Flammable Liquid class: 2

Skin irritation class: 2
STOT SE class: 3
Aspiration toxicity 1
Aquatic chronic 2
Hazardous to water

SR

Vapour pressure Not available; very low

combustion emissions soot, particles

Energy density 11,3 kWh/kg LHV (11}/@WVh/kg HHV)
H2 content 16,3 wt%
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15.1.12 Technology Factsheddiesel

Criteria

KPIs

GWP potential aliesel
GWP potential fossil diesel
Flash point

Seltignition temperature
Explosion limits

Water solubility

GHS classification

Vapour pressure
Combustion emissions
Energy density

H2 content

420 g Ceeg/kg diesel; adapted fror(Liebich, 2020)
3800 g Cexg/kg diesel; adapted fror(Liebich, 2020)
>55°C

Not applicable

1-6 vol%

Not available; neglectable

Flammable Liquid 3

Acute toxicity 4

Skin irritation 2

Carcinogenicity 2

STOT RE class: 2

Aspiration toxicity 1

Aquatic chronic 2

Hazardous to water

0,00004 bar@38°C

soot, particles

11,8 kWh/kg LHV (12,7 kWh/ktHV)

16 wt%

O O©
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15.1.13 Technology Factshedferosene

Sur

Criteria KPIs
GWP potential &Kerosene 430 g Ceeqg/kg kerosene; adapted froifiiebich, 2020)

GWP potential fossil Kerosene 3200 g Ceeqg/kg kerosene; adapted froitiiebich, 2020)
Flash point 29°C

Seltignition temperature >200°C
Explosion limits 1-7 vol%
Water solubility Not available; neglectable
GHS classification Flammable Liquid 3
STOT SE 3
STOTRE 1

Aspiration toxicity 1
Aquatic chronic 2
Hazardous to water

QEOP®

Vapour pressure 0,005 bar@38°C

Combustion emissions soot, particles

Energy density 11,9 kWh/kg LHV (12,8 kWh/kg HHV)
H2 content 16 wt%
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15.2 Evaluation Matrix Excel File
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TheEvaluation Matrixfor Activity N°3is included separately as an editalidecel File
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15.3

Seawater 2000 t/h

Cooling System

25MWth

Seawater 2000 t/h

Block Flow Diagram of The Plant

Electrolysis Plant

Cooling Water Electric Power
1800 t/h 31 MW

Electric Power
35 MW

NG 1,2 t/h

4
Demi water

0,3t/h

Air

O

ImplementaSur

CLIMATE ACTION

H; 0,543 t/h
30 barg

Oxycombustion

Methanol Plant

CF: 94%

Power Generation, Demineralization, Instrument Air

€0,2,9t/h
1 barg

Electric Power
1MW

Waste Water
1,6t/h

CH30H 2,7 t/h

Methanol Storage
Tank
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15.4  Plot Plan of The Plant (general arrangement drawings included)
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15.5 Piping and Instrument Diagram (DAC & Oxycombustion unit)
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15.6  Piping and Instrument Diagram (Electrolysers)
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